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Warranty Information
Your IOtech warranty is as stated on the product warranty card. You may contact IOtech by phone,
fax machine, or e-mail in regard to warranty-related issues.
Phone: (440) 439-4091, fax: (440) 439-4093, e-mail: sales@iotech.com

Limitation of Liability

IOtech, Inc. cannot be held liable for any damages resulting from the use or misuse of this product.

Copyright, Trademark, and Licensing Notice
All IOtech documentation, software, and hardware are copyright with all rights reserved. No part of this product may be
copied, reproduced or transmitted by any mechanical, photographic, electronic, or other method without IOtech’s prior
written consent. IOtech product names are trademarked; other product names, as applicable, are trademarks of their
respective holders. All supplied IOtech software (including miscellaneous support files, drivers, and sample programs)
may only be used on one installation. You may make archival backup copies.

FCC Statement
Ry IO0tech devices emit radio frequency energy in levels compliant with Federal Communications Commission rules (Part 15)
“A™ for Class A devices. If necessary, refer to the FCC booklet How To Identify and Resolve Radio-TV Interference Problems
é (stock # 004-000-00345-4) which is available from the U.S. Government Printing Office, Washington, D.C. 20402.

CE Notice
Many IOtech products carry the CE marker indicating they comply with the safety and emissions standards of the
European Community. As applicable, we ship these products with a Declaration of Conformity stating which
specifications and operating conditions apply.

Warmngs, Cautions, Notes, and Tips

Refer all service to qualified personnel. This caution symbol warns of possible personal injury or equipment damage
under noted conditions. Follow all safety standards of professional practice and the recommendations in this manual.
Using this equipment in ways other than described in this manual can present serious safety hazards or cause equipment
damage.

\ This warning symbol is used in this manual or on the equipment to warn of possible injury or death from electrical
\ shock under noted conditions.

This ESD caution symbol urges proper handling of equipment or components sensitive to damage from electrostatic
discharge. Proper handling guidelines include the use of grounded anti-static mats and wrist straps, ESD-protective
bags and cartons, and related procedures.

This symbol indicates the message is important, but is not of a Warning or Caution category. These notes can be of
great benefit to the user, and should be read.

In this manual, the book symbol always precedes the words “Reference Note.” This type of note identifies the location
of additional information that may prove helpful. References may be made to other chapters or other documentation.

Tips provide advice that may save time during a procedure, or help to clarify an issue. Tips may include additional
reference.

Specifications and Calibration

Specifications are subject to change without notice. Significant changes will be addressed in an addendum or revision to
the manual. As applicable, IOtech calibrates its hardware to published specifications. Periodic hardware calibration is
not covered under the warranty and must be performed by qualified personnel as specified in this manual. Improper
calibration procedures may void the warranty.

Quality Notice

IOtech has maintained ISO 9001 certification since 1996. Prior to shipment, we thoroughly test our products and
review our documentation to assure the highest quality in all aspects. In a spirit of continuous improvement, IOtech
welcomes your suggestions.
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Personal488 PC/IEEE 488 Controller

Introduction to this Manual

About this Manual
This edition of the Personal488 User’s Manual supersedes all previous editions.

The material in this manual reflects the particular combinations of |EEE 488 1/0 adapter and driver
software, and is comprised of four primary Sections. Hardware Guides, Software Guides, Command
References, and Troubleshooting, followed by two more Sections: Appendix and Index. The last two
pages contain a List of IEEE 488 Acronyms & Abbreviations and a List of ASCII Acronyms &
Abbreviations as additional references for this manual and for other related literature.

Before calling for technical assistance, check the Troubleshooting section for a possible solution to the
problem.

Since much of the hardware and software material in this manual is similar to material elsewhere in the
manual, make sure you view the material which corresponds to your specific hardware and software.
For example, do not read about Driver488/DRV when your application pertains to Driver488/W31

Information which may have changed since the time of printing will be found in arReEaDME . TXT file on
disk, or in an addendum to the manual.

How to Use this Manual

Because this manual contains alarge volume of information, a four-level table of contents systemis
used in addition to a complete Detailed Table of Contents. In thisfour-level system, the General Table
of Contents at the front of this manual should be used primarily to locate the main Sections of the
manual, i.e., specific hardware guides and software guides. The first page of each Section contains a
second-level table, listing the Chapters with their page locations. Next, many of these Chapters
contain athird-level table, listing the Sub-Chapters or specific Topics with their page locations.

Finally, many of these Sub-Chapters contain a fourth-level table, listing the specific Topics with their
page locations. While this multi-level method is easy to use, experienced users may prefer the
traditional table of contents.

As mentioned above, this manual also includes an Index, so you can quickly find the page(s) pertaining
to a specific topic.

Header Files & Command References

Since changes are taking place in Driver488/W95 and Driver488/WNT software as this publication
goes to press, please refer to your operating system header file for the latest available information
specific to your application.
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I. HARDWARE GUIDES

1. Overview

HARDWARE GUIDES

Chapters
I @ AV /T Y 1= VY 1-3
2. Personal488 (With GP488B)......cccccoiiiiiiiiiiiiiiiie e 1-8
3. Personald88/AT ... 1-13
4., PersONal488/NB ... 1-17
5. Personald88/MM ... 1-18
6. Personald488/CARD ... 1-22
1. Overview
Topics
LI o 1 o oo 16 [ox o o) o T 1-4
o |IEEE 488.2 Interface BoOardsS.........ccoooeuiiiiiiiiiiiiccieeeeee e 1-4
e Driver488 Software Interface.........cccoeviiiiiiiiii i 1-4
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IEEE 488.1-1987 INTEITACE ... cccu it eaaas 1-6
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ATA88 INtErface BOAKd .........coovviiiiiiiiiie et e e eeenans 1-6
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NB488 INnterface MOAUIE............oiiiiiie e 1-7
PCMCIA INtErface Card ........ouuiiiiiiiieeeiiieeeeeee ettt e e e e e e eenans 1-7
Introduction

The Hardware Guides section contains chapters pertaining to different Personal 488 Drivers, as
indicated in the previous Section | Table of Contents. Each Driver488 section contains information
regarding specific PC/IEEE 488 controllers. The hardware guide describes the 1/0 adapter and
includes instructions for inspecting, configuring, and installing the adapter.

In addition to this manual, Power488 and Power488CT users receive a manual supplement describing
the Standard Commands for Programmable Instruments (SCPI) command set and the TIOTTIMER.DLL,
a Microsoft Windows Dynamic Link Library of functions. This overview introduces the hardware and

software sections of this manual.

The Personal 488 converts your PC or PC/AT into an | EEE 488.2-compliant controller. Each controller

package includes an interface board or module, driver software and complete documentation. The
following information provides a brief overview of a specific PC/IEEE 488 interfaces and software
drivers, and of the Driver488 components.
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IEEE 488.2 Interface Boards

The family of PC/IEEE 488 controllers includes the GP488B, the GP488/2, the AT488, the MP438,

the MP488CT, the GP488/MM and the NB488. All are |IEEE 488.2 compatible and supported by
Driver488 software. The MP488 and MP488CT also provide digital 1/0, and the MP488CT provides a
set of programmable counter/timers, all of which are fully supported by Driver488. Some features of
theinterfaces are listed below:

o (GP488B interface board (for PC/XT/AT): Features five jumper-selectable interrupt lines. Three
8-bit jumper-selectable DMA channels are also available. The 8-bit DMA mode provides full
compatibility with programs written for GP488 series boards.

e AT488interface board (for PC/XT/AT and PS/2 with the I SA bus): Features eleven jumper-
selectable interrupt lines. Three 16-bit and four 8-bit jumper-selectable DMA channels are also
available. The 8-bit DMA mode provides full compatibility with programs written for the GP488
series boards.

o MP488 interface board (for PC/XT/AT and PS/2 with the ISA bus): Features eleven jumper-
selectable interrupt lines. Three 16-bit and four 8-bit jumper-selectable DMA channels are also
available. The 8-bit DMA mode provides full compatibility with programs written for the GP488
seriesboards. Thedigital 1/0 section of this board provides 40 digital 1/0O lines which can be
programmed for a mix of input and output.

e  MP488CT interface board (for PC/XT/AT and PS/2 with the | SA bus): Features eleven jumper-
selectable interrupt lines. Three 16-bit and four 8-bit jumper-selectable DMA channels are also
available. The 8-bit DMA mode provides full compatibility with programs written for the GP488
series boards. The digital 1/0 section of this board provides 40 input or output lines which can be
programmed for a mix of input and output. The counter/timer section features a programmable
clock generator plus 5 fully independent versatile counter/timer channels.

o  (GP488/2 interface board (for Personal Systems/2 with MicroChannel architecture): Features seven
software selectable interrupt lines and fourteen 8-hit software selectable DMA arbitration levels.

e GP488B/MM interface board: Converts your Ampro PC/104 Single Board PC into an | EEE 488.2
compliant controller or peripheral.

e NB488 external interface module (for notebook, laptop and desktop PCs): Connectsto aPC's
parallel port eliminating the need for an internal expansion slot.

Driver488 Software Interface

Driver488 is the software interface between DOS or Windows and the |EEE 488 controller board.
Driver488 software includes the driver itself, an installation program, other utility programs, and
programming examples. Driver488 provides afull implementation of the |EEE 488.2 standard, plus
advanced capabilities such as high-speed DMA data transfers, interrupt vectoring on specified events,
automatic error detection, callable subroutines, and serial (COM) port support.

Driver488 monitors all |EEE 488 bus monitoring and control lines and generates an interrupt based on
SRQ status and various other bus conditions. Driver488 software supports automatic program vectoring
to service routines for C, Pascal, and BASIC. On a specified event (Error, SRQ, Peripheral,
Controller, Trigger, Clear, Talk, Listen, Idle, ByteIn, ByteOut, Change),
Driver488 can either call a specified application routine or simulate alight pen interrupt to signal that
the event has occurred.

Versions with HP-style character commands can be accessed by virtually any language that can
communicate with DOS files, and additionally provide standard DOS device driver interfaces which
permit communications with the | EEE 488 bus and/or connected devices in the same manner as LPT1,
COM1, etc. Versionswith the Subroutine API offer higher performance and can be used with most
popular C, Pascal, and Basic languages. The Driver488 commands and bus protocol are very similar to
those used by the Hewlett-Packard HP-85 controller.
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Versions of Driver488 are described in the following text and table.

Driver488/DRV: Theindustry's easiest-to-use | EEE 488.2 driver, offering HP-style commands,
support for al programming languages and spread sheets, and features such as automatic program
Vectoring on SRrQ.

Driver488/SUB : A subroutine-style |IEEE 488.2 driver that provides all the function of
Driver488/DRV, as well as high performance for fast, interrupt-driven programmed 1/0
operations.

Driver488/W31: A Dynamic Link Library (DLL) that brings |EEE 488.2 control to Microsoft
Windows 16-bit applications. Includes support for Visual Basic, C, Quick C, Turbo C and
Borland C++.

Driver488/W95: A Dynamic Link Library (DLL) that brings |EEE 488.2 control to Microsoft
Windows 95 for 32-bit applications. Pending software revisions, it includes support for Microsoft
C, Visua Basic, and Borland C++.

Driver488/WNT: A Dynamic Link Library (DLL) that brings IEEE 488.2 control to Windows NT
version 3.1 or 3.5 applications. Pending software revisions, it includes support for Windows NT
SDK, or C language compiler Visual Basic 4.

Driver488/L1B: An |EEE 488.2 library of C function callsthat link directly to your application for
maximum speed with minimal memory requirements, adding as few as as 25 Kbytes to a compiled
program. Available with an optional license that allows unlimited copies of compiled applications.

Driver488/OEM: A compact | EEE 488.2 function-call library that enables quick and easy
integration of |EEE 488.2 capability into PC-based instruments.

o Driver488/IUX: A high performance | EEE 488.2 driver for running Interactive Systems UNIX
SystemV and AT& T UNIX STREAMS.

e Driver488/SCX: A high performance driver for SCO UNIX SystemV and AT& T UNIX

STREAMS.
Driver488 Family Overview
Driver488 Description Compatible Compatible Driver Architecture COM Power 488 Digital
Driver Type Operating L anguages Support 1/0O & Counter-
System Timer Support
wost High performance driver for Microsoft C, C++ for Dynamic Link Library No No
Windows 95 Windows 95 Windows & (DLL)
Visua Basic
WNT? High performance driver for Microsoft C Dynamic Link Library No No
Windows NT Windows NT (DLL)
W31 High performance driver for Microsoft C & Visua Basic | Dynamic Link Library No Yes
Windows Windows 3.x (DLL)
SUB Higher performance driver DOS C, Pascal, & Memory resident Yes Yes
for subroutine-style QuickBASIC
programming.
DRV Device driver, compatible DOS All, including Memory resident Yes Yes
with all languages spreadsheets
LIB? Fast, compact, no resident DOS C Linkable function No No
driver. cals
OEM? Specially designed to operate DOS® C Linkable function Optional No
as an |EEE 488.2 peripheral. calls
% For Interactive Systems & UNIX C Memory resident. No No
Scx? SCO UNIX.

I Note: Driver488/W95 and Driver488/WNT are minimally discussed in this manual, pending current software revisions. Refer to your operating
system header file for the latest available information specific to your application.

2 Note: Driver488/LIB, OEM, IUX, and SCX are not discussed in this manual. These drivers are shipped with their respective manuals.

3Note: Call the factory regarding Driver488/OEM compatibility with other operating systems.
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Interface & Interface Board Specifications

Note 1: The lOT7210 |IEEE 488 Controller Chip is 100% compatible with the NEC pPD7210 chip
and exhibits better performance, as well as lower power consumption.

Note 2: Specifications subject to change without notice.

IEEE 488.1-1987 Interface
SH1, AH1, T6, TEO, L4, LEO, SR1, PPO, RLO, DC1, DT1, E1/2
Controller Subsets: C1, C2, C3, C4 and C9
Terminator: Software selectable characters and/or EoT
Connector: Standard Amphenol 57-20240 with metric studs

IEEE 488.2-1987 Interface

| EEE 488 Bus Readback Registers. NDAC, NRFD, DAV, EOI, SRQ
Bus Error Handling

GP488B Interface Board

| EEE 488 Controller Device: 10T7210 (See Note)

Power Consumption: 750mA max @ 5V from PC supply

Dimensions: Occupies one short PC dlot size (5.25" long, plus | EEE 488 connector)
Speed: 8-bit DMA: 330K byte/s (reads); 220K byte/s (writes)

Environment: 0 to 50° C, 0 to 95% RH, non-condensing

DM A Capability: 8-bit on channels0 - 3

Interrupt Capability: IRQ2-7

I/O Base Address: &H02E1, &H22E1, &H42E1, Of &H62E1

AT488 Interface Board

| EEE 488 Controller Device: 10T7210 (See Note)

Power Consumption: 750mA max @ 5V from PC supply

Dimensions: Occupies one short PC dot size (5.25" long, plus | EEE 488 connector)

Speed: 16-bit DMA: 1M byte/s (reads); 800K byte/s (writes).8-bit DMA: 330K byte/s (reads); 220K
byte/s (writes)

Environment: 0 to 50° C, 0 to 95% RH, non-condensing

DM A Capability: Channels 1 - 3 (8 - bit) are selectablein a PC/XT or PC/AT.Channels 0 - 3 (8 - hit)
and 5 - 7 (16 - hit) are selectable in aPC/AT. Multiple AT488 boards may share the same DMA
channel.

Interrupt Capability: IRQ 2 - 7 for PC/XT,IRQ 2- 7,9, 10 - 12, 14, or 15 for PC/AT 16-bit dlot
I/O Base Address. &H02E1, &H22E1, &H42E1, Of &§H62E1

MP488 Interface Board

| EEE 488 Controller Device: 10T7210 (See Note)

Power Consumption: 2A max @ 5V from PC supply

Dimensions. Occupies one 16-bit PC/AT full dlot or 8-bit PC/XT full dot. Fitsin PC/ATwith low
PC/XT form-factor. 13.13" long x 3.9" high (333mm x 99mm).

Speed: 16-bit DMA: 1M byte/s (reads); 800K byte/s (writes).8-bit DMA: 330K byte/s (reads); 220K
byte/s (writes)

Environment: 0 to 50° C, 0 to 95% RH, non-condensing

DM A Capability: Channels 1-3 (8-hit) are selectable in a PC/XT or PC/AT.Channels 0-3 (8-bit) and
5-7 (16-bit) are selectable in a PC/AT. Multiple MP488 boards may share the same DMA channel.
Interrupt Capability: IRQ 2-7 for PC/XT,IRQ 2-7,9, 10 - 12, 14, or 15 for PC/AT 16-bit slot
I/O Base Address. &H02E1, &H22E1, &H42E1, Of &§H62E1

Digital 1/0: 40 digital 1/O lines; 24 configurable as input or output, 8 fixed input,and 8 fixed output
lines.
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MP488CT Interface Board

| EEE 488 Controller Device: 10T7210 (See Note)

Power Consumption: 2A max @ 5V from PC supply

Dimensions. Occupies one 16-bit PC/AT full slot or 8-bit PC/XT full dot. FitsinPC/AT with low
PC/XT form-factor. 13.13" long x 3.9" high (333mm x 99mm).

Speed: 16-bit DMA: 1M byte/s (reads); 800K byte/s (writes).8-bit DMA: 330K byte/s (reads); 220K
byte/s (writes)

Environment: 0 to 50° C, 0 to 95% RH, non-condensing

DM A Capability: Channels 1-3 (8-hit) are selectable in a PC/XT or PC/AT. Channels 0-3 (8-hit) and
5-7 (16-bit) are selectable in a PC/AT.Multiple MP488 boards may share the same DMA channel.
Interrupt Capability: IRQ 2 - 7 for PC/XT,IRQ 2-7,9, 10 - 12, 14, or 15 for PC/AT 16-bit dlot
I/O Base Address: &H02E1, &H22E1, &H42E1, Of &H62E1

Digital 1/0: 40 digital 1/0O lines; 24 configurable as input or output, 8 fixed input, 8 fixed output lines.
Counter/Timer: AMD Am9513A, 1 frequency output, 5 counter/timers.

Counter/Timer Frequency: DC - 7 MHz.

Internal Timebase: Up to 1 MHz, accuracy of 0.01%.

GP488/2 Interface Board

| EEE 488 Controller Device: 10T7210 (See Note)

Power Consumption: 1A max @ 5V from PC supply.
Dimensions. Occupies one full length slot in a MicroChannel bus.
Speed: 8-bit DMA: 330K byte/s (reads); 220K byte/s (writes).
Environment: 0 to 50° C, 0 to 95% RH, non-condensing

DM A Capability: 8-bit on channels 0 through 14

Interrupt Capability: IRQ 4, 5, 6, 7, 10, 11, or 15.

GP488/MM Interface Board

| EEE 488 Controller Device: 10T7210 (See Note)

Maximum Transfer Rate: 330K byte/s (reads and writes)

Connector: 26-pin header ribbon cable to standard |EEE 488 connectors
Environment: 0to 70° C; 0 to 95% RH (non-condensing)

DM A Capability: Channels0, 1, 2., or 3 (jumper selectable)

Interrupts. IRQ 2, 3,4,5,6,0r7

|EEE Base|/O Addresses: sH02E1, §H22E1, §H42E1, Of §H62E1

NB488 Interface Module

Speed: 170 Kbyte/s (reads and writes)

Dimensions: 5.5" x 4" x 1.5"

| EEE 488 Connector: Accepts standard |EEE 488 connector with metric studs

Parallel Port Input Connector: Male DB25

Parallel Port Output Connector to Printer IEEE: Female DB25

Instrument Fan-out: Can control up to 14 |EEE instruments

Power : 400-500 mA at 5 VDC from PC keyboard port or 7-15 VDC at 400-500 mA from external
power source

Environment: 0to 70° C; 0 to 95% RH (non-condensing)

PCMCIA Interface Card

Speed: 1.0M byte/s

Dimensions. Type Il (5 mm) PCMCIA Card
Power: 100 mA

1/0O: 16-byte, relocatable
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The Package

Personal488, including the IEEE 488 interface board and the Driver488 software, is carefully
inspected, both mechanically and electrically, before shipment. When you receive the product, unpack
all items carefully from the shipping carton and check for any obvious signs of physical damage that
may have occurred during shipment. Report any such damage to the shipping agent immediately.
Remember to retain all shipping materialsin the event shipment back to the factory becomes necessary.

For the following software versions, the Personal 488 package varies:

e Driver488/DRV, SUB, or W31: This package includes: The GP488B |EEE 488 Bus Interface
Board, Driver488 Software Disks (Driverd88/DRV, Driver488/SUB, Driver488/W31), and the
Personal488 User’'s Manual.

e Driver488/W95: This package includes: The GP488B |EEE 488 Bus Interface Board, Driver488
Software Disks (Driver488/\W95), and the Personal 488 User’s Manual.

e Driver488/WNT: This package includes: The GP488B |EEE 488 Bus Interface Board, Driver488
Software Disks (Driver488/WNT), and the Personal488 User’s Manual.

Hardware Installation (for PC/XT/AT)

Installation & Configuration of the Interface Card

The following paragraphs explain configuration and physical installation of the interface card.
Software installation and setup are covered in a separate section. After configuring your board, please
make note of the following. Thisinformation is needed for Driver488 software installation.

e |/OBase Address
e Interrupt Channel
e DMA channel, if applicable

e Whether or not the board is the System Controller
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No Wait States

Base Address 02E1

J5

)

On-board
8 MHz Clock

Interrupt Response Level 7

—
N

O O 0O 0 ©
o O O 0 O

i

Interrupt DMA
Level 7 Channel 1

GP488B Default Settings

Note: The GP488B, asillustrated, has one DIP switch, two 12-pin headers and one 3-pin header,
labeled SW1, J3, J4, and J5, respectively. The DIP switch setting, along with the arrangement
of the jumpers on the headers, set the hardware configuration.

Default Settings

The figure indicates the GP488B default configuration. Notice that SW1 controls the wait state
generation, the 1/0 base address and interrupt response level, J4 sets the interrupt request level, J3
selectsthe DMA channel, and J5 selects the clock source.

I/O Base Address Selection
The I/O base address sets the addresses used by the computer to communicate with the | EEE 488

interface hardware on the board. The addressis normally specified in hexadecimal and can be 02E1,

22E1, 42E1, or 62E1. Theregisters of the |IOT7210 |EEE 488 controller chip and other auxiliary
registers are then located at fixed offsets from the base address.

Most versions of Driver488 are capable of managing as many as four | EEE 488 interface boards. To

do so, the board configurations must be arranged to avoid conflict among themselves. No two boards
may have the same 1/0O address, but they may, and usually should, have the sasme DMA channel and

interrupt level.

The factory default 1/0 base addressis 02E1. To use another, set SW1 switches 4 and 5 according to

the following table and figure.

I/O Base Address Register
02E1l 22E1 42E1 62E1 Read Reg|ster Write Reg|ger
02E1 22E1 42E1 62E1 Dataln Data Out
06E1 26E1 46E1 66E1 Interrupt Status 1 Interrupt Mask 1
ORE1l 2AEl 4AEl 6AEL Interrupt Status 2 Interrupt Mask 2
OEE1 2EE1 4EE1 6EE1 Serial Poll Status Seria Poll Mode
12E1 32E1 52E1 72E1 Address Status Address Mode
16E1 36E1 56E1 76E1 CMD Pass Through Auxiliary Mode
1AE1 3AE1 5AE1 7AE1 Address 0 Address 0/1
1EE1l 3EEl 5EEl 7EEl Address 1 End of Stri ng
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GP488 I/O Base Address Settings, SW1 Configurations

Interrupt Selection

The GP488B interface board may be set to interrupt the PC on the occurrence of certain hardware
conditions. Thelevel of the interrupt generated is set by J4. The GP488B adheresto the “AT-style”
interrupt sharing conventions. When an interrupt occurs, the interrupting device must be reset by
writing to I/O address 02Fx, where X isthe interrupt level (from 0-7). Thisinterrupt response level is
set by switches 1, 2, and 3 of SW1 which must be set to correspond to the J4 interrupt level setting.
Interrupt selection isillustrated in the following figure.

J4
IRQ2| @ o [ 3 ] [ 3 ] o o [ 3 ]
IRQ3| e e ) [e o] L) ) ° e )
IRQ4| @ o o o o o [e o] o o o o o o
IRQ5| ® o L) o o ° o [o o] o o ° o
IRQG6| ¢ * oo . o o [e o] .
IRQ7 |[® ] L) L) L) mo
N N N N N N N
(o — (o — o—] [/ m— (o — o 1] (o —
W 1F (W F | F (v F |wF (w13 |13
S — o & | & |« & |~ B |« IR —

(I 1 (E— |
5 | O L) L) 15 | 5 | 27 N P —
LT LT LA N NN LT [N —
A’ N\ L) A’ N PN A’ N\ SN A S—

Interrupt Interrupt Interrupt Interrupt Interrupt Interrupt Interrupts
Level 7 Level 2 Level 3 Level 4 Level 5 Level 6 Disabled

GP488B Interrupt Selection

DMA Channel Selection

Direct Memory Access (DMA) is a high-speed method of transferring data from or to a peripheral, such
as adigitizing oscilloscope, to or from the PC's memory. The PC has four DMA channels, but channel
0 isused for memory refresh and is not available for peripheral datatransfer. Channel 2 isusually used
by the floppy disk controller, and is also unavailable. Channel 3 is often used by the hard disk
controller in PCs, XTs, and the PS/2 with the | SA bus, but is usually not used in ATs. So, depending
on your hardware, DMA channels 1 and possibly 3 are available. Under some rare conditions, it is
possible for high-speed transfers on DMA channel 1 to demand so much of the available bus bandwidth
that simultaneous access of a floppy controller will be starved for data due to the relative priorities of
the two channels. Configure the board according to which DMA channel, if any, isavailable.
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J3
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GP488B DMA Selection

Wait State Configuration

The GP488B is fast enough to be SW1
compatible with vi r_tually every o s —a S,
PC/XT/AT-compatible computer on the N N N N
market. Even if the computer is very fast, (7 (7 N (P N O L)
the processor is normally siowed to 8MHz | °—— & pi— g o G p— &
or below when accessing the 1/0 channel. pii— pi— pi— pii—
If the 1/O channel runs faster than 8 MHz, N—— N—— N — N —
it may be faster than the GP488B card. If i i i i
you suspect thisis a problem, the computer , , , _
can be made to wait for the GP488B by gtoa:g :'t ;t\;\@'t ?s’évéi gt\g{zg
enabling wait states. Increasing the number
of wait states slows down access to the GP488B Wait State Configurations
GP488B card, but the overall performance
degradation is usually only afew percent.

Internal Clock Selection
The |EEE 488 bus interface circuitry requires a J5
master clock. This clock isnormally connected to an o0
on-board 8 MHz clock oscillator. However, some g\ JS%
compatible |EEE 488 interface boards connect this = 8 Mﬁ:;};gck
clock to the PC's own clock signal. Using the PC SWH1
clock to drive the |IEEE 488 bus clock is not [ or,
recommended because the PC clock frequency Jj J3
depends on the model of computer. A standard PC PG Bus Clock
has a4.77 MHz clock, while an AT might have a6
MHz or 8 MHz clock. Other manufacturers GP488B Internal Clock Settings, via J5

computers may have almost any frequency clock. If

you are using a software package designed for an interface board (that derived its clock from the PC
clock) and you need to do the same to use GP488B with that particular software, the clock source can
be changed. However, the clock frequency must never be greater than 8 MHz, and clock frequency
must be correctly entered in the Driver488 software.

Board Installation

The |EEE 488 interface board(s) are installed into expansion slots inside the PC's system unit. PC/AT-
compatible computers have two types of expansion slots: 8-bit (with one card-edge receptacle), and 16-
bit (with two card-edge receptacles). Eight-bit boards, such as the | EEE 488 interface boards, may be
used in either type of dot, 8- or 16-bit. Some machines may have special 32-bit memory expansion
slots which should not be used for | EEE 488 interface boards.

Install each IEEE 488 interface board into the expansion slots as follows: Ensure the PC is turned off
and unplug the power cord. Remove the cover mounting screws from the rear of the PC system unit.
Remove the system unit cover by dliding it forward and tilting it upward.
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A rear panel opening is provided at the end of each expansion slot for mounting 1/0 connectors. If a
dot isunused, this opening is covered by ametal plate held in place with a screw. Remove this screw
and the cover plate from the desired expansion slot, saving the screw.

Insert the |EEE 488 interface board carefully into the expansion dlot, fitting the | EEE 488 connector
through the rear panel opening, and inserting its card edge into the motherboard card edge receptacle.
With the board firmly in place, fix its mounting bracket to the rear panel, using the screw removed from
the cover plate.

Slide the system unit cover back on, re-attaching it with the screws. Plug the power cord in and turn on
the PC. If al iswell, the system should boot normally. If not, carefully check that none of the I/O
addresses conflict with any other devices or boards. If you are not sure, contact your PC's dealer or
manufacturer.
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The Package

Personal488/AT, including the |EEE 488 interface board and the Driver488 software, is carefully
inspected, both physically and electronically, before shipment. When you receive the product, unpack
all items carefully from the shipping carton and check for any obvious signs of physical damage that
may have occurred during shipment. Report any such damage to the shipping agent immediately.
Remember to retain all shipping materials in the event shipment back to the factory becomes necessary.

The Personal488/AT includes:
e ATA488 |EEE Bus Interface Board

o Driver488 Software Disks
(Driver488/DRV, Driver488/SUB, Driverd88/W31, & Driver488W95)

e  Personal488 User's Manud

Hardware Installation (for PC/XT/AT)

Installation & Configuration of the Interface Card

The following paragraphs explain configuration and physical installation of the interface card.
Software installation and setup are covered in a separate section. After configuring your board, please
make note of the following: the I/O Base Address, the interrupt channel, the DMA channel, if any, and
whether or not the board is the System Controller. Thisinformation is needed for Driver488 software
installation.

The Personal488/AT has two DIP switches (S1 and S2), and three 14-pin headers (IRQ, DACK and
DRQ). The DIP switch settings, along with the arrangement of the jumpers on the headers, set the
hardware configuration.

Default Settings

Notice that S1 and IRQ set the interrupt response level, S2 controls the I/O base address, and DACK
and DRQ select the DMA channel.
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1/0O Base Address Selection

The 1/O base address sets the addresses used by the computer to communicate with the |EEE 488
interface hardware on the board. The addressis normally specified in hexadecimal and can be 02E1,
22E1, 42E1, or 62E1. Theregistersof the |OT7210 |EEE 488 controller chip and other auxiliary
registers are then located at fixed offsets from the base address.
%%
OP

m

Most versions of Driver488 are capable of
managing as many as four |EEE 488 interface
boards. To do so, the board configurations
must be arranged to avoid conflict among
themselves. No two boards may have the

%@
OPEN

same |/O address, but they may, and usually OPEN EN EN

should, have the same DMA channel and /O PORT /0 PORT /0 PORT /0 PORT

interrupt level. &HO2E1 &H22E1 &H42E1 &HB2E1
(DEFAULT)

The factory default 1/0 base addressis 02E1.
To use adifferent base address, set S2
according to the figure.

Personal488/AT 1/O Base Address Settings

I/O Base Address Register
02E1 22E1 42E1 62E1 Read Reg|s[er Write Reg|§er
02E1 22E1 42E1 62E1 Dataln Data Out
06E1 26E1 46E1 66E1 Interrupt Status 1 Interrupt Mask 1
0AE1l 2AEl 4AEl 6AEL Interrupt Status 2 Interrupt Mask 2
OEE1 2EE1 4EE1 6EE1 Serial Poll Status Seria Poll Mode
12E1 32E1 52E1 72E1 Address Status Address Mode
16E1 36E1 56E1 76E1 CMD Pass Through Auxiliary Mode
1AE1 3AE1 5AE1 7AE1 Address 0 Address 0/1
1EE1l 3EE1l S5EE1l 7EE1 Address 1 End of Stri ng

Interrupt Selection

The AT488 interface board may be set to interrupt the PC on the occurrence of certain hardware
conditions. The main board interrupt may be set to IRQ level 3 through 7, 9 through 12, 14, or 15.

1234 1234 1234 1234

it !t

—OPEN— —OPEN—

—OPEN— —OPEN—

[ XXX LN XN N X ] o0000OOOGOS o000 00OOGS (JUL A X K KN NN ]

OMTWONDO =N T 0O OTOONDO =N T W0 OTOWONDO =N T W0 OFTOLONDO =N T IO
rrrrrrrrrrrrrrrrrrrr

INTERRUPT 7 (DEFAULT) INTERRUPT 3 INTERRUPT 4 INTERRUPT 5

.Q.omoooooo mo.ooooooo. om.ooooooo. co|:|ooooooo.

1234 1234 1234 1234

—OPEN— —OPEN— —OPEN— —OPEN—

cecleeaaiis

OFTWONDO =N T O
rrrrr

INTERRUPT 6

cecccecees

OTOONDO =N T

PPN b

OTOWONDO =N T 0

INTERRUPT 10

ceeeeeolees

OTOWONDO =N T IO

EEREEE I

INTERRUPT 9

INTERRUPT 11

1234 1234 1234

by il

—OPEN— —OPEN—

—OPEN—

et [nnnad

OTOONDO =N W0 OTOWONDO =N T W0

INTERRUPT 15

ceeecsecles

OFTWONDO =N T W
rrrrr

INTERRUPT 12

INTERRUPT 14

Personal488/AT Interrupt Selection
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Interrupts 10 through 15 are only available in a 16-bit ot on an AT-class machine. Interrupt 9
becomes synonymous with interrupt 2 when used in a PC/XT bus. The selected interrupt may be
shared among several AT488sin the same PC/AT chassis. The AT488 adheresto the “AT-style”
interrupt sharing conventions. When the AT488 requires service, the IRQ jumper determines which PC
interrupt level istriggered. When an interrupt occurs, the interrupting device must be reset by writing
to an 1/O address which is different for each interrupt level. The switch settings determine the 1/0
address to which the board’ s interrupt rearm circuitry responds. The IRQ jumper and switch settings
must both indicate the same interrupt level for correct operation with interrupts. The previous figure
shows the settings for selected interrupts.

DMA Channel Selection

Direct Memory Access (DMA) is a high-speed method of transferring data from or to a peripheral, such
as adigitizing oscilloscope, to or from the PC'smemory. The AT class machine has seven DMA
channels. Channels 0-3 (8-hit), 5, 6, and 7 (16-hit) are available only in a 16-bit slot on a PC/AT-class
machine. Channel 2 is usually used by the floppy disk controller, and is unavailable. Channel 3is
often used by the hard disk controller in PCs, XTs, and the PS/2 with the I SA bus, but is usually not
used in ATs. Channels 5 through 7 are 16-bit DMA channels. They offer the highest throughput (up to
1 Megabyte per second). Channels 0 through 3 are 8-bit DMA channels. Although slower, they offer
compatibility with existing GP488B applications that only made use of 8-bit DMA channels. Under
some rare conditions, it is possible for high-speed transfers on DMA channel 1 to demand so much of
the available bus bandwidth that simultaneous access of a floppy controller will be starved for data due
to therelative priorities of the two channels. Both the DRQ and DACK jumpers must be set to the
desired DMA channel for proper operation. Configure the board according to which DMA channel is
available. The following figure shows settings for selecting the DMA channels.

5670123

5670123

5670123

ceeeecl

doeeess

celeest

DRQ

seeeil

deeeses

9 P

5670123

DMA 8-BIT
CHANNEL 3

5670123

DMA 16-BIT
CHANNEL 6

5670123

DMA 16-BIT
CHANNEL 7

DACK
5670123 5670123 5670123 5670123
DX X XX N (X RO N (XN XL R (XXX X IO
UL XXX N (X XX N ( XX R LN XN X XL
DRQ
OLEX XXX N (X XL N (XX X IO N (XX X I
UL XXX N (X XL N (XX XN (XX X
5670123 5670123 5670123 5670123
DMA 16-BIT DMA 8-BIT DMA 8-BIT DMA 8-BIT
CHANNEL 5 CHANNEL 0 CHANNEL 1 CHANNEL 2
(DEFAULT)
DACK

Personal 488/AT DMA Selection

Board Installation

The |EEE 488 interface board(s) are installed into expansion slots inside the PC's system unit. PC/AT-
compatible computers have two types of expansion slots: 8-bit (with one card-edge receptacle), and 16-
bit (with two card-edge receptacles). Eight-bit boards, such as the | EEE 488 interface boards, may be
used in either type of dot, 8- or 16-bit. Some machines may have special 32-bit memory expansion
slots which should not be used for | EEE 488 interface boards.
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Install each IEEE 488 interface board into the expansion slots as follows: Ensure the PC is turned off
and unplug the power cord. Remove the cover mounting screws from the rear of the PC system unit.
Remove the system unit cover by dliding it forward and tilting it upward.

A rear panel opening is provided at the end of each expansion dot for mounting 1/0 connectors. If a
dot isunused, this opening is covered by ametal plate held in place with a screw. Remove this screw
and the cover plate from the desired expansion slot, saving the screw.

Insert the |EEE 488 interface board carefully into the expansion dot, fitting the | EEE 488 connector
through the rear panel opening, and inserting its card edge into the motherboard card edge receptacle.
With the board firmly in place, fix its mounting bracket to the rear panel, using the screw removed from
the cover plate.

Slide the system unit cover back on, re-attaching it with the screws. Plug the power cord in and turn on
the PC. If al iswell, the system should boot normally. If not, carefully check that none of the I/0O
addresses conflict with any other devices or boards. If you are not sure, contact your PC's dealer or
manufacturer.

I-16
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4. Personal488/NB

@ The PaCKaAQge ....cooi it 1-17
e Hardware Installation (for Notebook, Laptop, & Desktop PCs)I-1

The Package

Personal488/NB, including the | EEE 488 interface hardware and the Driver488 software, is carefully
inspected, both mechanically and electrically, before shipment. When you receive the product, unpack
all items carefully from the shipping carton and check for any obvious signs of physical damage that
may have occurred during shipment. Report any such damage to the shipping agent immediately.
Remember to retain all shipping materialsin the event shipment back to the factory becomes necessary.

Personal 488/NB includes:

e NBA488 |EEE 488 Bus Interface Board

e Driver488 Software Disks (Driver488/DRV, Driver488/SUB & Driver488/\W31)

e  Printer Port to Interface Cable (CA-35-2)

e Keyboard Port Power Adapter (CA-107)

e AC Power Adapter (TR-2)

e DIN-5to DIN-6 Adapter (CN-15-6) for CA-107 (Optional; Contact factory if required)
e Driver488 User's Manua

Hardware Installation (for Notebook, Laptop, & Desktop PCs)

Personal488/NB does not need to be disassembled during installation, as there are no internal switches
or controlsto set. Simply connect the Personal488/NB to any PC parallel printer port (female DB25)
by unplugging the printer cable and plugging the supplied cable's (CA-35-2) male end into the
computer and the female end into the mating connector on the Personal488/NB. Any printer port:
LPT1, LPT2, Or LPT3 may be used, but should be noted for future software installation. Next connect
the |EEE 488 cable to the mating connector on the Personal 488/NB.

Personal488/NB alows for LPT pass-through for simultaneous | EEE 488 instrument control and
printer operation. When using a printer in the system configuration, attach the original printer cable
(male DB25) into the remaining mating connector on the Personal 488/NB.

The Personal488/NB may be powered with a supplied cable (CA-107) from the PC’ s keyboard port or
viaa supplied external power unit (TR-2) that plugsinto any standard AC wall outlet.

If powering the unit through the PC keyboard port, attach the supplied power cord to the keyboard port
and connect to the power jack on the Personal488/NB. If using an AC power adapter, plug it into a
120 VAC outlet and attach the low voltage end to the jack on the Personal488/NB. The POWER LED
should now be on and hardware installation complete.

At power-on, the printer should behave normally and can be checked by issuing aPrint Screen
command (or any other convenient method of checking the printer). However, installation of the
software will be necessary before the Personal 488/NB can communicate with |EEE 488 instruments.

Once the NB488 isinstalled, a utility program has been included to help identify the LPT port type.
Software installation requires the user to specify whether the LPT port is astandard IBM
PC/XT/AT/PS/2 compatible port or a slower 4-bit option. Type NBTEST . EXE to run this program.
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5. Personal488/MM
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The Package

Personal488/MM, including | EEE 488 interface board and Driver488 software, is carefully inspected,
both physically and electronically, before shipment. When you receive the product, carefully remove
all items carefully from the shipping carton and check for any obvious signs of physical damage that
may have occurred during shipment. Report any such damage to the shipping agent immediately.
Remember to retain all shipping materialsin the event shipment back to the factory becomes necessary.

The Personal488/MM includes:
e (GP488/MM |IEEE 488 Bus Interface Board

e Driver488 Software Disks
(Driver488/DRV, Driver488/SUB, Driver488/W31 & Driver488/W95)

e Persona488 User's Manual

Hardware Installation (for PC/XT/AT)

Installation & Configuration of the Interface Card

The following paragraphs explain configuration and physical installation of the interface card.
Software installation and setup are covered in a separate section. After configuring your board, please
make note of the following. Thisinformation is needed for Driver488 software installation.

e |/OBase Address

e Interrupt Channel

e DMA channel, if applicable

e Whether or not the board is the System Controller

Note: The GP488/MM is only compatible with the Ampro PC/104. The board includes one DIP
switch, two 12-pin headers and one 3-pin header, labeled SW1, JP2, JP3, and JP1,
respectively. The DIP switch setting, along with the arrangement of the jumpers on the
headers, set the hardware configuration.
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Default Settings

There are presently two revision levels of GP488/MM board, Rev. A and Rev. B. The following figure
indicates the GP488/MM default configuration on a Rev. B board. The configuration is the same for

Rev. B Board (see note) JP3 JP1
SW1 o o]2
O T © o|3 E
<~ S © o 14
o ols
1/0 Port o ols On-board
&h02E1 [0 o] 7 8 MHz Clock
DMA Interrupt
Channel 1 Level 7

Note: On Rev. A Boards JP2 and JP3
labels are reversed.

GP488/MM Default Settings

Rev. A, however, on Rev. A boards the JP2 and JP3 |abels are reversed from that illustrated. Switch
SW1 controls the wait state generation and the |/O base address and interrupt response level. Onthe
Rev. B board, JP2 sets the interrupt request level and JP3 selects the DMA channel. On Rev. A boards,
the JP2 and JP3 labels are reversed from those shown in the following diagram. For both board
revision levels JP1 selects the clock source.

1/0O Base Address Selection

The 1/O base address sets the addresses used by the computer to communicate with the | EEE 488
interface hardware on the board. The addressis normally specified in hexadecimal and can be 02E1,
22E1, 42E1, or 62E1. Theregisters of the |OT7210 |EEE 488 controller chip and other auxiliary
registers are then located at fixed offsets from the base address.

Most versions of Driver488 are capable of managing as many as four |EEE 488 interface boards. To
do s0, the board configurations must be arranged to avoid conflict among themselves. No two boards
may have the same 1/0O address, but they may, and usually should, have the sasme DMA channel and
interrupt level.

The factory default 1/0 base addressis 02E1. To use another, set SW1 switches 4 and 5 according to
the following table and figure.

I/O Base Address Register

02E1 22E1 42E1 62E1 Read Register Write Register

02E1 22E1 42E1 62E1 Dataln Data Out

06EL 26E1 46E1 66EL Interrupt Status 1 Interrupt Mask 1

OAEL 2AEl 4AEl 6AEL Interrupt Status Interrupt Mask 2

OEE1l 2EE1 4EE1 6EE1 Serial Poll Status Serial Poll Mode

12E1 32E1 52El 72E1 Address Status Address Mode

16E1 36EL 56EL 76E1 CMD Pass Through Auxiliary Mode

1AE1l 3AE1l 5AEl 7AE1 Address 0 Address 0/1

1EE1l 3EE1l 5EE1l 7EE1l Address 1 End of Stri ng
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Interrupt Selection

The GP488/MM interface board may be set to interrupt the PC on the occurrence of certain hardware
conditions. Thelevel of the interrupt generated is set by JP3 on Rev. B boards (JP2 on Rev. A boards).
The GP488/MM interface board adheres to the “AT-style” interrupt sharing conventions. When an
interrupt occurs, the interrupting device must be reset by writing to 1/0 address 02Fx, where X isthe
interrupt level (from 0-7). Thisinterrupt response level is set by switches 1, 2, and 3 of SW1 which
must be set to correspond to the JP3 (Rev. B board) interrupt level setting. Interrupt selection for a

Rev. B board isillustrated in the following figure.

SWH1 Configurations

W LA Z Ll Z »Se=l: WOl 1 Z
T Ll S < AT 5 N <l ]
1/0 Port 1/0 Port 1/0 Port 1/0 Port
&h02E1 &h22E1 &h42E1 &h62E1

GP488/MM I/O Base Address Settings

Note:  The jumper label would read JP2 for Rev. A boards.
JP2 1o o2 [e_e]]2 o o)2 |o o])2 o o]2 o o]2 o o])2
o o3 003|00|3 o o]3 o o]3 o o]3 o o3
o o |4 o o |4 o o4 |e e]l4 o o |4 o o |4 o o |4
o o5 o ol]s o ols 005|..|5 o o5 o ols
o olp o ols o o6 o ols o o6 ..|6 e|lo |6
EI 7 o ol7 o ol7 o ol7 o ol7 o ol7 ol )7
SW1 | o—— P — P — P — P — e — P —
[ E— N N N N [ — N
(o I— (o I— (o I— o] (o I— o] o]
W F | 1F (w13 |w—1F |([wC—F |w__ 13 |w_— 13
S N § (e S| (e S| ([ 8] (e Y (e S
2 N O Ll =N 2 Nl 2 N P N N
N LA AT NN N AT Nl
 ” N L P N\ ~Th) T Ll [l
Interrupt Interrupt Interrupt Interrupt Interrupt Interrupt Interrupts
Level 7 Level 2 Level 3 Level 4 Level 5 Level 6 Disabled
(Default)
GP488/MM Interrupt Selection
DMA Channel Selection
Direct Memory Access (DMA) is a high-speed method of ~ JP3 JP3 JP3 JP3
transferring data from or to a peripheral, such asa '_'I o © o ©
digitizing oscilloscope, to or from the PC’'s memory. (: ; f f 2 ©
The factory default selection is DMA channel 1. Note o o ﬁ‘ o 2
that jumper JP2 is used to configure revision B boards o o S O o elo
while the jumper labeled JP3 is used to select the DMA o o o o o elo
channel on version A boards. ]
DMA 1 DMA 2 DMA 3 Disabled
Note:  Check your computer documentation to ensure  (Default)

the selected DMA channel is not being used by
another device. The GP488B/MM board has
circuitry which allows for more than one
GP488/MM board to share the same channel.
Most computers use DMA channel 2 for floppy
disk drives, making that channel unavailable.

GP488/MM DMA Selection
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Internal Clock Selection
The |EEE 488 bus interface circuitry requires amaster clock. This

clock is normally connected to an on-board 8 MHz clock oscillator. P P
However, some compatible | EEE 488 interface boards connect this E

clock to the PC's own clock signal. Using the PC clock to drive E

the | EEE 488 bus clock is not recommended because the PC clock

frequency depends on the model of computer. A standard PC hasa On-board System Clock
4.77 MHz clock, while an AT might have a6 MHz or 8 MHz 8 MHz Clock from
clock. Other manufacturers computers may have almost any (Defaulf) Main Board

frequency clock. If you are using a software package designed for  ~ps0/m/ns Internal Clock Selection
an interface board (that derived its clock from the PC clock) and

you need to do the same to use GP488/MM with that particular

software, the clock source can be changed. However, the clock frequency must never be greater than 8
MHz, and clock frequency must be correctly entered in the Driver488 software.

Board Installation

| EEE 488 interface board(s) are installed into expansion slots Pin 1
inside the PC’ s system unit. PC/AT-compatible computers have D}

To IEEE 488

two types of expansion slots: 8-bit (with one card-edge
Connector

receptacle), and 16-bit (with two card-edge receptacles). Eight-
bit boards, such as the | EEE 488 interface boards, may be used SW1

in either type of dot, 8- or 16-bit. Some machines may have JP1
special 32-bit memory expansion slots which should not be used JP3 P2

for IEEE 488 interface boards. =

Install each IEEE 488 interface board into the expansion slots as

follows: Ensure the PC is turned off and unplug the power cord. IEEE 488 Connection
Remove the cover mounting screws from the rear of the PC

system unit. Remove the system unit cover by sliding it forward and tilting it upward.

A rear panel opening is provided at the end of each expansion slot for mounting 1/0 connectors. If a
dot isunused, this opening is covered by ametal plate held in place with a screw. Remove this screw
and the cover plate from the desired expansion slot, saving the screw.

Insert the |EEE 488 interface board carefully into the expansion dot, fitting the | EEE 488 connector
through the rear panel opening, and inserting its card edge into the motherboard card edge receptacle.
With the board firmly in place, fix its mounting bracket to the rear panel, using the screw removed from
the cover plate.

Slide the system unit cover back on, re-attaching it with the screws. Plug the power cord in and turn on
the PC. If al iswell, the system should boot normally. If not, carefully check that none of the I/O
addresses conflict with any other devices or boards. If you are not sure, contact your PC's dealer or
manufacturer.
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The Package

The Personal 488/ CARD components were carefully inspected prior to shipment. After receiving your
order, carefully unpack all items from the shipping carton and check for any signs of physical damage
which may have occurred during shipment. Immediately report any damage to the shipping agent.

Retain all shipping materialsin case you must return the unit to the factory. If the unit is damaged, a
RMA # (Return Material Authorization Number) must be obtained before returning it. An RMA # can
be obtained by calling (216) 439-4091 or your sales representative.

Every Personal488/CARD is shipped with the following items:
e |EEE 488 PCMCIA interface Card

o Interface Cable (CA-137)

e Initialization Software: Client Driver, and Enabler

e Driver Software (Programming Support including Configuration Utilities):
Driver488/DRV, Driver488/W31, and Driver488/SUB

e  Personal488 User's Manua

Introduction

The Personal488/CARD is alow-power Type Il PCMCIA |EEE 488 interface that enables | EEE 488.2
control from notebook and desktop PCs. This card plugsinto any Type Il (5mm) PCMCIA socket and
is PCMCIA PC Card Standard Specification 2.1 compliant. CardSoft™ Card and Socket services are
available on the majority of notebook PCs currently sold. If your notebook has different software, you
may purchase the CardSoft™ software from the Personal 488/CARD manufacturer. The
Personal488/CARD does not require an | SA-bus expansion slot or external power.

The Personal488/CARD is highly flexible with respect to 1/O addressing and interrupt level use. It can,
by default, automatically configure itself upon insertion into your notebook or desktop PC or upon
system startup. I1n addition, users may specify any interrupt level and any 1/O space base address for
the Personal488/CARD. The card permits “Hot-Swapping”, that is, insertion of the PCMCIA card
while the system is powered.

[-22
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Hardware Installation (for Notebook & Desktop PCs)

Hardware installation topics are covered in the following paragraphs. It is strongly suggested that you
read and perform the following instructions to assure the proper installation and usage of the
Personal 488/CARD.

The hardware installation topics include:

¢ Personal488/CARD-to-Interface Cable connection

e Installation of Personal488/CARD into PC

o |nterface Cable connection with |EEE 488 compatible accessories

The plug and play operation of the Personal488/CARD allows for the operating parameters to be
configured via software, circumventing the need for switch or jumper settings.

IEEE 488
Connector

Interfaces & Connectors

The Personal 488/CARD is shipped with an interface
cable (CA-137) that permits the card to directly
interface with up to fourteen (14) |IEEE 488
instruments.

The PCMCIA card connects to the CA-137 cable via
the female slot connector found along its “bottom”
edge, as shown in the figure. The unit itself, being a
PCMCIA socket card, congtitutes a Type |1 (5mm)
PCMCIA socket interface.

The opposite end of the CA-137 Interface Cable is
terminated in an | EEE 488 connector with metric
studs. A pin-out of this connector is provided below.

[ [Recepiacis] [

Housing

Personal488/CARD
Bottom Edge

CA-137
Interface Cable

Personal488/CARD and Interface Cable

Interface Cable Connection
Follow the instructions below to connect the Personal 488/CARD to the Interface Cable (CA-137).

Note: The PCMCIA Card and the Slot NRFD DAV
Connector End of the Interface NDAC EOI
IFC DIO4
Cable are keyed to ensure proper SRQ— ——DIO3
connection. The card and cable SHIELD | " Dor
should connect easily and fit
snug. DO NOT forcethe

PCMCIA Card / Interface @\\!//@

Cable mating. Refer to the
figures on this page while &
performing these instructions.

Signal Ground — —DIO5
P/O Twisted Pair with 11— —DIO6
1. Inonehand, hold the PCMCIA Card /0 Twisted Pair with 10— ——DIO7
. P/O Twisted Pair with 9 DIO8
so that the company logo is face up PIO Twisted Pair with 8 REN
H P/O Twisted Pair with 7
and the bottom edge of the card is PIO Turstod Pair with 6

facing you.

2. Inthe other hand, hold the Slot
Connector End of the Interface Cable
so that the groove (keyed portion of the connector) is face down and the company logo is face up.

3. Pressthe Slot Connector into the PCMCIA Card. The Personal488/CARD should now be firmly
connected to the Interface Cable.

IEEE 488 Connector Pin-Out
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Note: The slot connector is keyed to match the PCMCIA Card so that an improper connection can
not be made. Therefore, DO NOT for ce this connection as damage may result! For proper
contact, the connection of the card and cable must be snug.

Installation into a PC

With your PC powered-down (turned off), install your Personal488/CARD using the instructions
provided below.

Note: If the Client Driver Software is used, you are not required to power down your PC before
installing the Personal488/CARD. The Client Driver Software enables insertion and removal
of the card into any Type Il socket at any time, and automatically configures the card upon its
insertion (“Hot-Swapping”).

Note:  Enabler Software, on the other hand, does not allow “Hot-Swapping.” More detailed
information is provided later in this chapter.

Note: “Hot-Swapping” refersto the insertion and removal of the PCMCIA card while the system is
powered.

1. With your PC powered down (turned off), insert the PCMCIA Card into the PCMCIA socket with
the company logo face up (for most Notebook PCs).

2. Pushthe PCMCIA Card into the PCMCIA socket asif you were loading a diskette into a diskette
drive. Stop oncethe card is engaged into the socket. Thisis marked by hearing a*“click” and
seeing that the socket gject button has been engaged (pushed out).

Note: CardSoft™ Card and Socket Services are available on the magjority of notebook PCs currently
sold. If your notebook hasincompatible software, you may purchase the CardSoft™ software
from the Personal488/CARD manufacturer.

Interface Cable & IEEE 488 Accessories

Only |EEE 488 compatible accessories (instruments) can interface with the Personal 488/CARD. The
Personal488/CARD and cable permit afan-out of fourteen (14) directly interfaced | EEE 488
instruments.

1. Plug the IEEE 488 connector end of the Interface Cable into any compatible | EEE 488 accessories.

2. With your fingers and/or applicable flat bladed screw driver, tighten the screw pins (metric studs)
located on the | EEE 488 connector to secure the connection.

Note:  You will need additional IEEE 488 interface cables (terminated at both ends with |EEE 488
connectors) for subsequent |EEE 488 instruments.

At this point, the default configuration of the Personal488/CARD will be used. The default
configuration is the initialization of the “CARD” upon system boot-up having not used the Client
Driver or Enabler to make changesto the“ CARD’S’ settings. Once al connections have been
checked for correctness, the “system” can be powered up. |If communication problems exist dueto
initialization conflicts, the Client Driver or Enabler will haveto be installed in order to make
initialization changes. This subject is covered in the following paragraphs.

Note: The Client Driver or Enabler is needed even if there are no configuration conflicts but adesire
to change the Personal488/CARD’ s configuration to meet predetermined specifications and/or
needs.

Software Installation

The Personal488/CARD is provided with both Initialization and Configuration Software (the
Configuration Software is driver specific and therefore included with each driver). Thistext introduces
support for the Initialization Software (Client Driver and Enabler). For more information, refer to the
driver-specific “Installation & Configuration” Sub-Chapters found in Chapters 8 through 12. The
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following drivers are available for the Personal 488/CARD: Driver488/DRV, Driver488/SUB, and
Driver488/W31.

Initialization Software

Initialization of the Personal488/CARD is software oriented. The Client Driver and Enabler files
conform to the PCMCIA (PC Card) Card Services Specification 2.1. When used with CardSoft™ Card
and Socket Services (or compatible) software, the Personal488/CARD automatically configures itself
upon system start-up. The use of CardSoft™ is not required, however, the chosen utility software must
be compatible with the PCMCIA (PC Card) Card Services Specification 2.1.

If you need to control which resources the Personal488/CARD utilizes, you must load either the Client
Driver or Enabler, but not both. The Personal488/CARD’ s resources are IRQ level, base 1/0 port
address for sixteen consecutive ports, and PCMCIA Type |1 socket number (with O being the first
socket).

Using the Client Driver

The Client Driver setsthe IRQ, Socket # (if more than one PCMCIA socket is available), and an I/0O
Address Range for communication purposes. The settings which result are referred to as default.
There is no predetermined default setting since these settings depend on what the Client Driver finds
vacant and, therefore, usable. This does not take into account transparent devices not seen by the
Client Driver.

Note:  Depending on your system configuration, the default settings may conflict with the IRQ,
Socket #, and |/O Address Range that your system has already allocated to another device. If
thisisthe case, change the initialization settings as described below.

Using the Enabler

The Enabler performs the same function of setting up the needed system resources as the Client Driver,
but in amore direct and somewhat limited way. The only real advantage of using the Enabler isthe
amount of PC memory rescued (about 7 kb). This memory would be used indefinitely by the Client
Driver, since the Client Driver must store a program in memory to manage “Hot-Swapping.” If the
Card and Socket Services are only needed for the Client Driver, you could save more memory by not
loading them when using the Enabler.

On the down side of using the Enabler, the Personal488/Card must be installed before you run the
Enabler. Also, every time the Personal488/Card is removed, and reinstalled, the Enabler must be run.

The Enabler requires explicit IRQ, Socket #, and 1/0O Address Range parameters. If Card and Socket
Services are running, they will not know that the Enabler allocated some resources, and may therefore
allocate them to another device.

Changing I nitialization Settings

Use the following steps to change the initialization settings, or to initialize the Personal 488/ CARD
system to your specifications and/or needs.

Note: If your PC hasavalid version of PCMCIA Card and Socket Services software, itis
recommended that you use Client Driver, since Client Driver supports

Note: “Hot-Swapping” refersto the insertion and removal of the PCMCIA card while the system is
powered.

1. Choose between the Client Driver (1oT488CL.sYS) or Enabler (1oT488EN. EXE) files asto which
one best suits your needs. The choice heavily depends upon the host computer environment and
the desire for Plug and Play functionality.

2. If you choose the Client Driver file option, you will need to update your conF1c. sys file by
adding the following command line:

DEVICE=path\IOT488CL.SYS options
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3. The Personal488/CARD must be installed before using the Enabler. Theinitialization is only valid
aslong as the Personal 488/CARD is present. Y ou will need to update your AUTOEXEC . BAT file
with the following command line:

path\IOT488EN.EXE options

Client Driver
The Client Driver has the following conrFic. sys file line syntax:

DEVICE=path\IOT488CL.SYS [ (GROUP) [  (GROUP) [ ... 111

where the following parts are described as follows:

Part Client Driver Description

GROUP [ITEM[, ITEM[, ITEM]]]

ITEM Sxx | Bxxx | Ixx

Sxx The socket number, xx in [0...15], default to any available socket, if omitted.

Bxxx The 1/0 base address (hex), xxx in [100...3F0], default to any available I/O
address, if omitted.

Ixx ThelRQ level, xx in [0...151, 0 means no interrupt, default to any available IRQ
level, if omitted.

IOT488CL.SYS

The simplest command line, shown above, will configure the card in any PCMCIA socket with
available consecutive 16 bytesin the system 1/O space, and an available IRQ level. Note that you
should not assume the resource selections will always be the same.

I0T488CL.SYS (s0,b300,1i5)

The command line above will configure the card in socket O with 1/O base address at 3001 and IRQ
level 5, if those resources are available.

I0T488CL.SYS (b300,1i5) (i10) ()

This command line tells the client driver to configure the card in any socket with a base address of
300H and IRQ 5. If not available, the client driver will then try to configure it with a base address and
socket number assigned by the Card and Socket Servicesand IRQ 10. If IRQ 10is not available, the
Client Driver will then try to configure the card with a base address, socket number, and an IRQ level
assigned by the Card and Socket Services.

Space characters are only allowed in between the groups, not inside agroup. The items within a group
are separated by a single comma. The order of itemsin a group does not make any difference. Nor are
the charactersin an item case sensitive.

Enabler

The command line syntax for the Enabler is similar to that used by the Client Driver.
DEVICE=path\IOT488EN.EXE (Sxx,Bxxx, Ixx[,Wxx])

where the following parts are described as follows:

Part Enabler Description

GROUP [ITEM[, ITEM[, ITEM]]]

ITEM Sxx | Bxxx | Ixx

Sxx The same as the Client Driver syntax, except it must be specified to enable the card.

Bxxx The same as the Client Driver syntax, except it must be specified to enable the card.

Ixx The same as the Client Driver syntax, except it must be specified to enable the card.

Wxx Specifies the PCIC memory window, xx (hex) in [80. . .EF], default to DO if
omitted.

IOT488EN.EXE (Sxx,RI[,Wxx])
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To reset the card, the command line syntax above can be used, in which R isthe reset switch. Socket
number must be specified, but wxx can be omitted (default memory window at DOOOOH). After
executing an T10T488EN. EXE command with the reset option, 10T488EN. EXE must be run again to set
the card’ s resources.

IOT488EN.EXE (s0,r)

This command line resets the card in socket O (default memory window at DOOOOH),
IOT488EN.EXE  (sl,r,wc8)

This command line resets the card in socket 1 (with PCIC memory window at C8000H).

Configuration Software

For ease of use, thistext repeats material found in the driver-specific “Installation & Configuration”
Sub-Chapters found in Chapters 8 through 12 of this manual. In addition, thistext includes
Personal488/CARD information not contained el sewhere. Aside from this chapter on
Personal488/CARD, you should also read through the “External Device Interfacing” Sub-Chapters
found in Chapters 8, 9, and 10 of this manual.

Configuration Utility

The configuration utility permits you to specify the Driver488 system configuration, add interfaces,
define external devices, etc. It does so by modifying the Driver488 startup configuration and is
specified in aWindows-style initialization file named brRvrR488 . INI. Thefirst screen of the
CONFIG.EXE program is used to enter the configuration settings so the Driver488 software can be
correctly modified to reflect the state of the hardware.

The driver can be reconfigured at any time by running the coNF1G. EXE program. Changesto the
configuration will not be recognized by the driver until the driver is unloaded and reloaded. Typically,
thisis accomplished by rebooting your computer or using the utilities MARKDRVR and REMDRVR. For
details regarding utilities, refer to the “Utility Programs’ Sub-Chapters found in Chapters 8, 9, and 10
of this manual

To start the coNF1e program, type coNFIe within the directory in which the configuration utility
resides, typically c: \IEEE488.

The minimum requirement for configuring your system isto make certain that your Personal 488/ CARD
is selected under “Device Type.” The default settingsin al of the other fields match those of the
interface as shipped from the factory. If you are unsure of a setting, it is recommended that you leave it
asis.

Interfaces and External Devices

The conF1e program can configure both interfaces and external devices. Interfaces are the
Personal488/Card and serial ports. External devices are instruments or other devices attached to the
|EEE 488 bus or the MP488(CT) Counter/Timers and Digital 1/O devices.

Configuration Program Screens

In general, all Driver488 configuration utility screens have three main windows: the “name” of the
interfaces or devices on the left, the “ configuration” window on the right, and the “instruction” window
at the bottom of the screen. Based on current cursor position, the valid keys for each window will
display in the Instructions box.

To begin the interface configuration, move the cursor in the name window to select an interface
description for modification. (Interfaces can be added or deleted using <F3> and <F4>). Notice
moving the cursor up and down the list of interfaces or devices in the left window changes the
parameters in the configuration window. The configuration fields always correspond with the currently
selected interface and device type.

Once all modifications have been made to the configuration screen, <F10> must be pressed to accept
the changes made or <F9> can be pressed to exit without saving any change. Additional function keys
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allow the user to continue onto the configuration of external devicesvia <F5> or to view agraphic
representation of the interface card with the selected settings via <F7>.

Configuring Driver 488 I nterfaces

Driver488 supports two types of interfaces: IEEE and Serial. Once the CONFIG.EXE programis
entered, highlight the Device Type selection from the Configuration Window and choose the
CARDA488 option from the resulting pop-up menu. The Driver488/DRV screen, shown next, or one
similar, will be displayed.

Once an interface is selected, the fields and default entries which appear in the configuration window
depend on the device type specified. To add another |EEE interface, select <F3>. If you will be using
more than one interface, refer to other sections of this manual for additional information, as needed.
The configuration parameters of the |EEE interface are described following the figure of the
Driver488/DRV screen.

Configuration Parameters

e Name Thisfieldisa
descriptive instrument Driver488/DRV Configuration Utility Version X.X All Rights Reserved
namewhichis Interfaces Configuration
manually assigned by >|EEE Name: IEEE
. IEEE2 IEEE Bus Add 21
the user. This must be us  Address
i Interrupt: 7
aun_lque name. SysController (X) Fill Mode
Typically, IEEE or Lightpen X ( off
. Timeout (ms): 10000 ( ) Error
coMmisused (upto 8 Device Type: CARD488 (X) 00
-- /0 Address --
characters). IEEE 488 0300
e |EEE BusAddress: Wait State None
Thisisthe setti ng for Bus Terms Buffer Terms
n Out In Out
the | EEE bus address Char EX))CCRR LF EX))CCRR LF |Char EX))CCRR LF EX)gchR LF
of the board. It will be F3: Add interface board E gk‘F 5 ;H: E ;IIZJF g gk‘F
1 one one one one
Cha:ked agal ng a” the F4: Delete selected board ( )OD OA( )OD 0A ( )OD OA( )OD 0A
instruments on the bus ' Eol_(X) (X)
for conflicts. 1t must
H P ight 1 di t fi this interf:
be avalid |IEEE bus F5. Configute  Extemdl Doviees 7. umber atinge Fo! Qut FI0F Save & Exit
addressfrom o to 30.

° Interr Upt: A Configuration of Personal488/CARD

hardware interrupt

level can be specified to improve the efficiency of the I/O adapter control and communication
using Driver488. Personal488/CARDs may not share the same interrupt level. If no interrupt level
isto be used, select NONE. Valid interrupt levels depend on the type of interface, since interrupt
sharing is not permitted in the PCMCIA 2.1 specification. Settings are as follows: Levels 3-7,
Levels9-12, Levels 14-15, or NONE.

e SysController: Thisfield determines whether or not the Personal488/CARD isto be the System
Controller. The system controller has ultimate control of the IEEE 488 bus, and the ability of
asserting the interface clear (1Fc) and remote enable (REN) signals. Each IEEE 488 bus can have
only one system controller. If the PCMCIA |EEE Card is a peripheral, it may still take control of
the IEEE 488 bus if the Active Controller passes control to it. The “CARD” may then control the
bus and, when it is done, pass control back to the System Controller or another controller, which
then becomes the active controller. If the “CARD” will be operating in Peripheral mode (not
System Controller), leave thisfield blank.

e LightPen: Thisfield determines whether the LightPen command isto be used. If selected, it will
disable the detection of interrupts via setting the light pen status. The default islight pen interrupt
enabled.

e Timeout (ms): Thetime out period isthe amount of time that data transfers wait before assuming
that the device does not transfer data. 1f the time out period el apses while waiting to transfer data,
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an error signal occurs. Thisfield isthe default timeout for any bus request or action, measured in
milliseconds. If no timeout is desired, the value may be set to zero.

e Device Type: Thisfield specifiesthe type of board or module, in this case a Personal 488/CARD
(CARDA488), represented by the |EEE device name selected.

1/0 Address

e |EEE 488: Thisfield isthe /O base address which sets the addresses used by the computer to
communicate with the |EEE interface hardware on the board. The addressis specified in
hexadecimal and can be 100 through 3FO0 on even 16-byte boundaries (those ending in 0). The
Personal488/CARD uses sixteen (16) consecutive 1/O ports.

Note:  Since many 1/O portsin the allowed range are [or may be] in use by other system hardware,
we recommend using port 300 to 360 hex. Using a port already in use could cause loss of
data, or physical damage.

o Wait State; Wait States can be generated if IEEE 488 bus 1/0O synchronization between the
Personal488/CARD and PC isanissue. It should be noted that the time out specification is
independent of wait state(s). The Personal488/CARD is fast enough to be compatible with
virtually every PC/XT/AT-compatible computer on the market. Even if the computer isvery fast,
the processor is normally slowed to 8 MHz or bel ow when accessing the 1/0O channel. If thel/O
channel runs faster than 8 MHz, it may be faster than the Personal 488/CARD. If thisisa
suspected problem, the computer can be made to wait for the “CARD” by enabling wait states.
Increasing the number of wait states slows down the access to the “CARD”. The overall resultant
performance degradation is usually only afew percent.

e BusTerminators: The |EEE 488 bus terminators specify the characters and/or end-or-identify
(moz) signal that are to be appended to data that is sent to the external device, or mark the end of
datathat is received from the external device.

In conclusion, to save your changes to disk press <F10>. All changeswill be saved in the directory
where you installed Driver488. If at any time you wish to alter your Driver488 configuration, simply
rerun coNFIG. The changes made will not take effect until the system isrebooted (Warm or Cold).

Driver488/W 31 Configuration Utility

The configuration utility provided with Driver488/W31 has been updated to provide a familiar
Windows user interface. The interface contains the same characteristics as the DOS configuration
program, however, the file storage differs as indicated by the table below.

Driver File Storage
Driver Version File Name File L ocation
Windows DRVR488W.INI WIN.coM (in Windows Directory)
DOS DRVR488.INI CONFIG.EXE (in assigned directory)
Functionality

The Personal 488/CARD transfers data to the host computer viathe PCMCIA interface. Thisinterface
provides access to the PC’ s data bus, allowing real-time data collection and storageto disk at 1.0 M
byte/sec.

The Personal488/CARD built-in 7210 controller device controls the |EEE 488 bus using the I0OT7210
Controller Chip, which is 100% compatible with the NEC pPD7210. However, the |IOT 7210 exhibits
better performance and lower power consumption.

The programmed /O mode allows the host computer to acquire individual data samples or large blocks
of data under application control.
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Theinterrupt transfer mode allows the host computer to perform other tasks until the
Personal488/CARD has sent or received a programmed amount of data. This mode provides the most
efficient use of computer resources and data transfer.

Note:  For more information on the functionality of the Personal488/CARD, refer to the “Data
Transfers,” “Operating Modes,” and “Command Descriptions’ Sub-Chapters found in
Chapters 8 and 9 of this manual.
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SOFTWARE GUIDES

Chapters
AR © 1V /=Y oV =1 P 11-33
8.  DIIVEI488/DRV ... e 11-34
9.  DIrIVEI488/ISUB .......coooeeeieeeeeee e 11-133
10.  DIIVEIFA88/W3L..... oo e et eeeeeaa 11-191
11.  DIrIVEI488/WOS..... .ot e et e e e eaaes 11-257
12, DIIVEIFA88/WNT ..ot e e e e et e e e eeae 11-258

1.

Overview

The Software Guides section contains chapters pertaining to various Driver488 software. Information
includes instruction for installation and configuration, device interfacing, and APl (Application
Program Interface) command references. Note that more detailed topic-specific tables of contents are
included with each of the topicsidentified above.

In addition to this manual, Power488 and PowerCT users receive a manual supplement describing the
Standard Commands for Programmable | nstruments (SCPI) command set and the IOTTIMER.DLL, a
Microsoft Windows Dynamic Link Library of functions.
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8.

Driver488/DRV

Sub-Chapters
BA.  INErOAUCTION .......ciiiiiiiiiieiee e 11-34
8B. Installation & Configuration...........ccccccceeiiiiiiiiiieeeeicee e, 11-35
8C. External Device InterfaCing........ccccvvviiiiiiiiiieiieeeeciee e 11-45
8D. Getting Started.........ccooooeiiiiiice e 11-49
BE.  MICKrOSOTE C ..o 11-53
8F.  MICrOSOft FOFTran ........coooiiiiiiiiiiiiiiiiee e 11-63
8G. QUICKBASIC ..., 11-64
BH. TUrbo C...coo 1-71
8l.  TUrbo Pascal ..........ccooviiiiiiiii 11-82
8J.  SpreadsheEets..........iiiiii i 11-90
BK. Other LangQuages.........cccoviviiiiiiiiiie e 11-95
8L. Language-Specific Information................cccevvvvvviiiiiiineeeenn, 11-104
BM. Data TransSfers........cccviiiiiiiiiie e 11-108
8N. Operating MOOES .....cccoooeiiieeeeice e 11-115
80. ULIILY Programs ........ccoooiiiiiiiiiiee et 11-120
8P. Command DeSCriptiONS ........ccceiiiiiiiiiiieiiiiiie e 11-124
8Q. Command ReferencCe ..........ccoovviiiiiiiiii i 11-132
8A. Introduction
Driver488 represents a family of software drivers for IEEE 488 interfaces and other peripherals,
emphasizing a consistent, easy to use interface to simplify |EEE 488 instrument control and application
program development. Different versions of the driver are available to suit almost any application. For
maximum functionality and ease of use, aresident driver is accessible via both Character Command
Language (CCL) and subroutine calls to control a multitude of |EEE 488 interfaces and other
instruments. At the opposite extreme isa small, fast driver entirely linked to the application program,
which can control just one | EEE 488 interface and instruments attached thereto. Portability of any
given application among the Driver488 family membersis ensured with a consistent interface, which
allows an application using CCL to use any driver offering that interface with minimal change.
Similarly, any application using the subroutine interface would require little if any change to be used
with another version of Driver488.
Driver488/DRV uses HP (Hewlett-Packard) style commands which simplify |EEE 488 instrument
control and application development by transparently executing multiple low-level bus management
tasks, shielding the user form the complexities of |EEE 488 protocol. These commands can be used in
application programs written in any popular software language. Driver488/DRV features a menu-
driven installation/configuration program with options for programming language; type and number of
hardware interfaces (IEEE 488 board type and options); and external devices, such as time out limits,
terminators, symbolic device names, and device numeric addresses.
To get optimal use of your PC's conventional 640K byte memory, Driver488/DRV automatically
detects and loads itself into high memory when used with a system employing DOS 5.0 or higher.
Driver488/DRV provides PC serial (COM) port support, enabling direct serial communication from
programming languages and spreadsheets. In addition, Driver488/DRV supports asynchronous
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communication and automatic program vectoring to service routines for Basic, C and Pascal programs.
For example, upon the occurrence of a specified event, such as srRQ, TRIGGER, TALK, Of ERROR,
Driver488/DRV will automatically vector to your interrupt service routine.

Using Driver488/DRV, SCPI (Standard Command for Programmabl e Instruments) programmability
can be brought to Power488 /0 functions. SCPI is alanguage that defines common commands and
syntax for communication between controller and instruments. As such, it provides a consistent
programming environment for all SCPI-compatible equipment, simplifying programming and letting
you exchange instruments regardless of their make or type, without the need for extensive
reprogramming.

Driver488/DRV supports up to four IEEE 488 interfaces. There can be multiple external devices on
each interface up to the limitsimposed by either electrical loading (14 devices), or with a product such
as Expander488, to the limits of the |EEE 488 addressing protocols.

Driver488/DRV supports the GP488B, AT488, GP488/MM, MP488, MP488CT and NB488 series of
|EEE 488.2 interface hardware. All interaction between the application and the driver takes place via
subroutine calls.

8B.

Installation & Configuration

Topics
o Before You Get Started ..........oooovviiiiiiiiiiieiece e 11-35
e Making Backup Disk COPIES .......ccoeiiiiiiiiiiiiiiiii e 11-36
o Driver Installation............ccooviiiiiiiii e 11-36
Selective Installation of Support files.........cccoiiiiiii, 11-36
Driver INStallation t0 DiSK ..........uuiiiiiiiiiiiiiiiiiiiiiieiieeeeeeeeeeeeeeeeeeeee e 11-37
o Configuration ULIHITY .........coovriiiiiiiii e 11-38
[0} 1= @ = Uod = PSPPSR 11-38
=T g g F= L B LoV Lo PP 11-38
Opening the Configuration UtTlity ..., 11-38
e Configuration of IEEE 488 Interfaces.........ccccccevvvviiiiiiiiiciiinnnnnns 11-39
e Configuration of Serial Interfaces............cccoooeiiiiiiiiiiiiiiiie, 11-41
e Configuration of IEEE 488 External Devices........ccccccccceceennnn. 11-42
e Multiple Interface Management...........cccoevviiiiiiiniee e 11-43

Before You Get Started

Prior to Driver488/DRV software installation, configure your interface board by setting the appropriate
jumpers and switches as detailed in “ Section | : Hardware Guides.” Note the configuration settings
used, as they must match those used within the Driver488/DRV software installation.

Once the |IEEE 488 interface hardware isinstalled, you are ready to proceed with the steps outlined
within this Sub-Chapter to install and configure the Driver488/DRV software. The Driver488/DRV
software disk(s) include the driver files themselves, installation tools, example programs, and various
additional utility programs. A file called README . TXT, if present, is atext file containing new material
that was not available when this manual went to press.
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NOTICE

1. The Driver488/DRV software, including all filesand data, and the diskette on which it is
contained (the“ Licensed Software”), islicensed to you, the end user, for your own internal use.
You do not obtain titleto the licensed software. You may not sublicense, rent, lease, convey,
modify, trandate, convert to another programming language, decompile, or disassemble the
licensed software for any purpose.

2. You may:
e only usethe software on one single machine

e copy the softwareinto any machine-readable or printed form for backup in support
of your use of the program on the single machine

e transfer the programsand licenseto useto another party if the other party agreesto
accept the terms and conditions of the licensing agreement. If you transfer the
programs, you must at the sametime either transfer all copieswhether in printed or
in machine-readable form to the same party and destroy any copies not transferred.

The first thing to do, before installing the software, is to make a backup copy of the Driver488/DRV
software disks onto blank disks. To make the backup copy, follow the instructions given below.

Making Backup Disk Copies

1. Boot up the system according to the manufacturer’ s instructions.

2. Typethe command cp\ to go back to your system’sroot directory.
3. Placethefirst Driver488/DRV software disk into drivea:.
4

TypeDISKCOPY A:A: and follow theinstructions given by the pxskcory program. (Y ou may
need to swap the original (source) and blank (target) disksin drive a: several timesto complete
thepzskcory. If your blank disk is unformatted, the bIskcopy program allows you to format it
before copying.)

5. When the copy is complete, remove the backup (target) disk from drive a: and label it to match
the original (source) Driver488/DRV software disk just copied.

6. Storetheoriginal Driverd88/DRV software disk in a safe place.

7. Placethe next Driver488/DRV software disk into drive a: and repeat steps 4-6 for each original
(source) disk included in the Driver488/DRV package.

8. Place the backup copy of the installation disk into drive a:, type a: INSTALL, then follow the
instructions on the screen.

Driver Installation

There are two steps involved in installing Driver488/DRV onto your working disk: The required files
must first be extracted from the distribution disk to the working disk, and the software must be
configured. Since the Driver488/DRYV files are compressed on the distribution disks, the INSTALL
program must be used to properly extract them.

Driver488/DRV should normally beinstalled on ahard disk. Installing Driverd88/DRV on afloppy
disk, while possible, is not recommended. Assuming that the Driver488/DRV disk isin drive a:, start
theinstallation procedure by typing A: INSTALL at the prompt.

Selective Installation of Support files

Theinstallation program allows you to choose which files are to be copied to your working disk. A
menu will display alisting of the following files:
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Files Description
Driver488/DRV Driver Modules Contains the driver modules needed for the initial installation
and proper execution.

Driver488/DRV Executable The primary file which loads the driver; required for proper
execution.

ReadMe File Contains any new information about the driver not already
included in the user manual.

Default Config Files These are . IN1 files which contain suggested configurations

for the variousinterfaces.

Character Command Language Files | Programming language specific examples and utilities.
|EEE 488 Utility Files Includes utilities for redirection of COM and LPT ports, the
Keyboard Controller, and utilities for removing
Driver488/DRV from memory after use.

Transfer488 Utilities Utilities for transferring files to and from HP computers
using HP BASIC (Rocky Mountain Basic).
Example Files Sample programs.

All the files will appear with a check mark beside them, indicating that they are selected for installation.
If you wish to unselect an item, please move the cursor to the item bar and pressthe <space Bar> to
toggle the check mark off. Pressingthe <space Bars> again will toggle the check mark on. Inthis
way you can select or omit those file categories you wish to install.

For anormal first installation, allow INsTALL to install all parts of Driver488/DRV. For afirst-time
installation, the Device Driver files are mandatory. However, if hard disk spaceis extremely limited,
certain parts, such as language support and examples for languages not immediately used, may be
omitted. The distribution disks may be used to install or reinstall any or all parts of Driver488/DRV at
alater time. You may rerun INSTALL at any timeto install files that you previously omitted.

When you have finished your selection, press <enter>. The Directory Selection screen will appear
with two horizontal windows.

Driver Installation to Disk

The Directory Selection screen allows you to specify where the Driver488/DRYV files are to be
installed. The upper window will be highlighted and contain the words “Install from:” on the first line,
and the path from which you are installing Driver488/DRV (typically “A:") on the second line. If this
“Install from:” path is correct, press <Enter> to accept and move to the next window. If it isnot
correct, edit the path before pressing <Enters.

Pressing <Enter> will move you to the second window, with the words “Install to:” on the first line
and the default directory “ C\IEEE488" on the second line. Simply press <Enter> to accept the
default or edit the path as you prefer and then press <Enters.

Two smaller boxes will display below the two directory windows: “ Start” and “Cancel.” “ Start” should
be highlighted. To proceed with installing Driver488/DRV, press <Enter>. Otherwise move the
cursor to “Cancel” and press <Enter> to abort the installation.

If you proceed with the installation, the files selected from the previous menu will be extracted from the
distribution disk to your hard disk. nsTALL will prompt you for disk insertion if you have amultiple
disk distribution set of Driver488/DRV. When INSTALL is finished transferring the files to your hard
disk, the message “Driverd88/DRV Software Installation is Complete” will appear. At this point, press
<Enter> to continue with the installation.

Next, the install program displays a prompt regarding the modification of your AuToEXEC. BAT file.
Thisfile holds operating system commands that are executed after all other system setup and
configuration is done, and just before commands are accepted from the keyboard. The AUTOEXEC. BAT
file can be used for many purposes. For more details, see your operating system manual.

The Driver488/DRV installation program provides the following options:
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o |f"Yes issdected, the Driver488/DRV command line will be added to the beginning of your
AUTOEXEC.BAT file.

e |f“NO0" isselected, no changes will be made to the AuToEXEC. BAT file.

o |f“Manually” is selected, you can choose where the Driver488/DRV command lineis to be added
in your AUTOEXEC. BAT file.

After modifying the auToexEc. BAT file, the installation program automatically invokes the
configuration program; CONFIG. You may also run coNFIe from the command line at alater timeto
modify your configuration asrequired. Noteif any error messages display when you are trying to load
DRVR488.EXE in memory, If so, refer to “ Section IV: Troubleshooting” in this manual.

Configuration Utility

The configuration utility permits you to specify the Driver488/DRV system configuration, add
interfaces, define external devices, etc. It does so by modifying the Driver488/DRV startup
configuration specified in a Windows-style initialization file named prRvr488 . INI. The first screen of
the coNFIG program is used to enter the configuration settings so the Driver488/DRV software can be
correctly modified to reflect the state of the hardware.

The driver can be reconfigured at any time by running the conrFzc program. Changesto the
configuration will not be recognized by the driver until the driver is unloaded and reloaded. Typically,
thisis accomplished by rebooting your computer or using the utilities MARKDRVR and REMDRVR. For
details on these utilities, refer to the “ Utility Programs’ Sub-Chapters found in Chapters 8 and 9 in this
manual.

To start the coNF1e program, type coNFIe within the directory in which the configuration utility
resides, typically c: \IEEE488.

Interfaces

The minimum requirement for configuring your system isto make certain that your |EEE 488.2
interface board or module is selected under “Device Type.” The default settingsin all of the other
fields match those of the interface as shipped from the factory. If you are unsure of a setting, it is
recommended that you leave it asis.

External Devices

The conF1e program can configure both interfaces and external devices. Interfaces are |EEE interface
boards and serial ports. External devices are instruments or other devices attached to the | EEE 488 bus
or the MP488(CT) Counter/Timers and Digital 1/0 devices. For more details, refer to the topic
“Configuration of |EEE 488 External Devices’ found later in this Sub-Chapter.

Opening the Configuration Utility

In general, al Driverd88/DRV configuration utility screens have three main windows: the “name” of
the interfaces or devices on the l€eft, the “ configuration” window on the right, and the “instruction”
window at the bottom of the screen. Based on current cursor position, the valid keys for each window
will display in the Instructions box.

To begin the interface configuration, move the cursor in the name window to select an interface
description for modification. (Interfaces can be added or deleted using <F3> and <F4>.) Notice
moving the cursor up and down the list of interfaces or devices in the left window changes the
parameters in the configuration window. The configuration fields always correspond with the currently
selected interface and device type.

Once all modifications have been made to the configuration screen, <F10> must be pressed to accept
the changes made or <F9> can be pressed to exit without making any change. Additional function keys
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allow the user to continue onto the configuration of external devicesvia <F5> or to view agraphic
representation of the interface card with the selected settings via <F7>.

Configuration of IEEE 488 Interfaces

The Driver488/DRV supports
two types of interfaces: |EEE Driver488/DRV Configuration Utility Version X.X All Rights Reserved
and Serial (COM). The Interfaces Configuration—————
i H >|EEE Name: |IEEE
f.O”OWI ng DerGI’488/DRV . IEEE Bus Address 21
figure displays the configuration Pl}[AA: . %
nterrupt:
screen of an MP488CT Eysﬁonﬁrouer (§> (Fi)u OMf?de
; n
|EEE 488.2 interface. Timeout (ms): {000 (). Error
. Device Type: MP488CT (X) 00
To add another |EEE interface, iE'E/E() &%dress - oE]
select <F3>. If you will be Digital 1/0 3E0
. than one interface Counter/Timer 3E4
using more : . | < Bus Terms : Bu1|’fer Terms n
“ n u n u
refer to the final tOpIC " M uItl_pIe Char (X)CR LF  (X)CR LF | Char (X)CR LF (X)CR LF
Interface Management” in this : ()CR ()CR CR CR
F3: Add interface board (LF (LF (LF (LF
Stib-Cheper. s, (D | N e,
. . F4: Delete selected board
Once an interface is selected, E0l (X oY
thgfldd; and qefa““ entries Press <right arrows> to modify parameters for this interface
which display in the F5: Configure External Devices F7: Jumper Settings F9: Quit F10: Save & Exit
configuration window depend

on the device type specified.

Configuration Utility for MP488CT

The configuration parameters of
the interface, are as follows:

Configuration Parameters

Name: Thisfield isadescriptive instrument name which is manually assigned by the user. This
must be a unique name. Typically, |IEEE or COM is used.

|EEE Bus Address: Thisisthe setting for the IEEE bus address of the board. It will be checked
against al the instruments on the bus for conflicts. It must be avalid addressfrom o to 30.

DMA: A direct memory access (DMA)

channel can be specified for use by the 1/0O gggggrd fpzecg'(?n[())nMeA CETE
interface card. If DMA isto be used, select L

achannel as per the hardware setting. If no AT488 1,2,3 56, 7or none

DMA isto be used, slect NONE. The MP488 | 1,2 3 5 6, 7or none

NB488 does not support DMA, sotheDMA | MPA488CT | 1,2, 3,5, 6, 7 or none

field will not display if this device typeis NB483 Not applicable

used. Valid settings are showninthetable. | CARD488 | Not applicable

Interrupt: A hardware interrupt level can

be specified to improve the efficiency of the 1/0 Board | Specified Interrupt Level
I/O adapter control and communication GP48sB levels 2-7 or none

using Driver488/DRV. For DMA operation

or any use of onEvent and Arm functions, ATA88 levels 3-7, 9-12, 14-15 or none
an interrupt level must be selected. Boards MPA88 levels 3-7, 9-12, 14-15 or none
may share the same interrupt level. If no MP488CT | levels 3-7, 9-12, 14-15 or none
interrupt level isto be used, select NONE. NB488 level 7 for LPT1, level S for LPT2
Valid interrupt levels depend on the typeof | CARD488 | levels3-7, 9-12, 14-15 or none

interface. Possible settings are shown in the table.

SysController: Thisfield determines whether or not the |EEE 488 interface card isto be the
System Controller. The System Controller has ultimate control of the |EEE 488 bus, and the
ability of asserting the interface clear (1Fc) and remote enable (REN) signals. Each |IEEE 488 bus
can have only one System Controller. If the board isa peripheral, it may still take control of the
|EEE 488 bus if the Active Controller passes control to the board. The board may then control the
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bus and, when it is done, pass control back to the System Controller or another computer, which
then becomes the active controller. If the board will be operating in Peripheral mode (not System
Controller), select NO in thisfield.

LightPen: Thisfield determines whether the LIGHET PEN command isto be used. If selected, it
will disable the detection of interrupts via setting the light pen status. The default is light pen
interrupt enabled.

Timeout (ms): Thetime out period is the amount of time that data transfers wait before assuming
that the device does not transfer data. 1f the time out period elapses while waiting to transfer data,
an error signal occurs. Thisfield isthe default timeout for any bus request or action, measured in
milliseconds. If no timeout is desired, the value may be set to zero.

Device Type: Thisfield specifies the type of board or module (such as GP488, MP488CT or
NB488) represented by the |EEE device name selected.

I1/O Address

This second Driver488/DRV
configuration example displays Driver488/DRV Configuration Utility Version X.X All Rights Reserved
an | EEE interface with the Interfaces Configuration
NB488 interface module Name: IEEE

. . IEEE Bus Address 1
specified. Thisscreen >IEEE
resembles the previous | EEE SyeCantroller & FillMode
i i LightPen X Error
i nterfag:e exampl_e with the Timeout (ms): X 0o %x)) e
exception of 3 different Device Type: NB488
configuration parameters which LPT Port LPT1

. Enable Printer Port X
are described below. LPT Port Type &) e
. . Bus T Buffer T
Configuration Parameters - Out T
Char (X)((:)R LF (X)gR LF | Char (X)gR LF (X)gR LF
. () () R )CR

. LFt)fT PO:t- ;he LaFI,I-I(—eIportt F3: Add interface board OF 0w OF O

isthe external par or one one

b P F4: Delete selected board ()ODOA ()OD ()ODOA ()ODOA
to be connected to the EOI (X) x)
NB488. Valid selections - - » e
| ress <right arrows> to modify parameters for this interface
are: LPT1, LPT2 Of LPT3. F5: Configure External Devices FT- Junxp%r Settings F9: Quit F10: Save & Exit
Thisfield takes the place

|EEE 488: Thisfield isthe I/O base address which sets the addresses used by the computer to
communicate with the |EEE interface hardware on the board. The addressis specified in
hexadecimal and can be 02E1, 22E1, 42E1 Of 62E1.

Note: Thisfield does not apply to the NB488. Instead, the NB488 uses the I/O address of the data
register (thefirst register) of the LPT port interface, typically 0x0378.

Digital 1/0: Thisfield isthe base address of the Digital 1/0 registers. Itisonly applicable for
MP488 and MP488CT boards. Note that the Digital I/O SCPlI communication parameters are
configured as an external device. Refer to the “Section |: Hardware Guides’ for more information.

Counter/Timer: Thisfield isthe base address of the Counter/Timer registers. Itisonly
applicable for MP488CT boards. Note the Counter/Timer SCPI communication parameters are
configured as an external device. Refer to the “Section |: Hardware Guides’ for more information.

Bus Terminators: The |EEE 488 bus terminators specify the characters and/or end-or-identify
(moz1) signal that isto be appended to datathat is sent to the external device, or mark the end of
datathat is received from the external device.

of the |/O Addressfield.

Enable Printer Port:

Because most laptop and notebook PCs provide only one LPT port, the NB488 offers LPT pass-
through for simultaneous | EEE 488 instrument control and printer operation. |f thisoptionis
selected, a printer connected to the NB488 will operate as if it were connected directly to the LPT
port. If not enabled, then the printer will not operate when the NB488 is active. The disadvantage

Configuration Utility for NB488
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of pass-through printer support is that it makes communications with the NB488 about 20%
slower.

e LPT Port Type: Thisfield isused to specify whether the LPT port is a standard IBM
PC/XT/AT/PS/2 compatible port. Valid options are: Standard or 4-bit. The slower 4-bit optionis
provided for those computers which do not fully implement the IBM standard printer port. These
computers can only read 4 bits at a time from the NB488 making communication with the NB488
up to 30% slower.

A test program has been provided with NB488 to help identify the user’s LPT port type. Once the
NB488 isinstalled, type: NBTEST . EXE. This program will determine if your computer can
communicate with the NB488 and what type of LPT port isinstalled (Standard or 4-hit).

It isimportant to note there are four different versions of the NB488 driver. The conFie utility
determines which is to be used based on the user-defined parameters. If both pass-through printer
support and the 4-bit LPT port support are selected, then the communication with the IEEE 488 bit
may be slowed as much as 40% compared with the fastest case in which neither option is selected.
The actual performance will very depending on the exact type and speed of the computer used.

To save your changesto disk, press <F10>, or to exit without making any changes, press <r9>. All
changes will be saved in the directory where you installed Driver488/DRV. If at any time you wish to
alter your Driver488/DRV configuration, Simply rerun CONFIG.

Configuration of Serial Interfaces

The following Driver488/DRV
screen dISp| ays the Driver488/DRV Configuration Utility Version X.X All Rights Reserved
configuration of a Serial Interfaces Configuration

. Name: COM
(COM) interface. Baud Rate: 9600

e rl?W: t 4
ial i COM nterrupt:

To add another serial mtgrface, > Inout Buffer: 1000
select <F3>. Thefollowing Output Buffer: 1000 )

. . Parity: CTS Timeout: 1000
serial interface parameters are Data Bits: 8 DSR Timeout: 0
available for modification. Timeout (ms): 10000 00 1IMeoHt 1000

. . Device Type:  Serial
Configuration Parameters VO Address:  3F8
Fi’:us Terms out Bluffer TermsO "
. o i ; n u n u
e Name Thisfiedisa Char ( )CRLF (JCRLF | Char (9 CRLF (QCRLF
FAtiva i R R R YCR
descriptive instrument F3: Add interface board (JLF  ()LF (JLF ()LF
e which ismensly e i | s (e
assigned. Thismust be a F4: Delete selected board EOI () 0)
unigue name.
Press <right arrows> to modify parameters for this interface
® Baud Rate The F5: Configure External Devices F7: Jumper Settings F9: Quit F10: Save & Exit
allowable Data Rates range
from 75 to 115.2K and all Configuration Utility for Serial Interfaces

standard rates therein.

Thisincludes: 75, 110, 150, 300, 600, 1200, 1800, 2400, 4800, 9600, 19.2K, 38.4K, 57.6K, and
115.2K. Slower processors may have difficulty at the higher data rates because of the amount of
processing required for terminator, end of buffer, and fill processing.

e Flow: x-0N/x-OFF issupported. With this configured, Driverd88/DRV scans incoming
characters for an x-oFF character. Onceit is received, no more characters are transmitted until an
X-ON character isreceived. The driver also issues an x-oFF to ask the attached device to stop
sending when itsinternal buffer becomes three-quarters full and issues an x-oN when its buffer has
emptied to one-quarter full.
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e Interrupt: A hardware interrupt level can be 1/O Comm. Typical Interrupt Level
specified to improve the efficiency of the I/O COM1 typicaly level 4
adapter control and communication using COM2 typically level 3
Driver488/DRV. For any use of onEvent COM3 typicaly level 4 or 5
and arm functions, an interrupt level must be coMa typically level 2 or 3

selected. If nointerrupt level isto be used,
select NONE. Valid interrupt levels depend
on the device type.

e |Input Buffer: Thisfield isused to enter the buffer sizesfor I/O.
e Output Buffer: Thisfield isused to enter the buffer sizesfor 1/0.
e Parity: Parity can be EVEN, ODD, NONE, MARK, or SPACE.

e CTSTimeout: Thedriver supports 3 hardware handshake lines: Data Carrier Detect (pcp), Data
Set Ready (DsRr), and Clear To Send (cTs). Each line can be individually designated to be
ignored, used with no specified timeout, or used with a selected timeout. The timeout is selected
by specifying the number of milliseconds to wait for the indicated condition to become satisfied.

e DataBits: Dataformatsfrom 5 though 8 Data Bits are supported.

e DSR Timeout: The driver supports 3 hardware handshake lines: Data Carrier Detect (pDcp), Data
Set Ready (DsRr), and Clear To Send (cTs). Each line can be individually designated to be
ignored, used with no specified timeout, or used with a selected timeout. The timeout is selected
by specifying the number of milliseconds to wait for the indicated condition to become satisfied.

e Stop Bits: With 6, 7, or 8 Data Bits specified, either 1 or 2 Stop Bits are allowed. With 5 Data
Bits specified, 1 or 1.5 Stop Bits may be selected.

e DCD Timeout: Thedriver supports 3 hardware handshake lines. Data Carrier Detect (pcp), Data
Set Ready (DsRr), and Clear To Send (cTs). Each line can be individually designated to be
ignored, used with no specified timeout, or used with a selected timeout. The timeout is selected
by specifying the number of milliseconds to wait for the indicated condition to become satisfied.

e Timeout (ms): Thetime out period isthe amount of time that data transfers wait before assuming
that the device does not transfer data. 1f the time out period el apses while waiting to transfer data,
an error signal occurs. Thisfield isthe default timeout for any bus request or action, measured in
milliseconds. If no timeout is desired, the value may be set to zero.

o Device Type: Thisfield specifiesthe type of device represented by the serial external device

name selected.
* 1/OAddress Thel/O Addressisthe . /O Comm. Default Address Values
computer bus address for the board. Itisset to COM1 typically address 3F8

default values, aslisted in the table, during the

initial installation. These values can be oy L
changed, however, using the default address ypicary accress
COM4 typically address 2E8

valuesisrecommended. Any conflict will be

noted by a pop up help screen.

e BusTerminators:. The busterminators specify the charactersto be appended to data that is sent
to the external device, or mark the end of data that is received from the external device.

Configuration of IEEE 488 External Devices

Within your |EEE 488.2 application program, devices on the bus may be accessed by name. These
names must be created and configured with the conFIe program, after you have configured your
interfaces.

The following figure displays the configuration screen of an external device named pmM195. When
configuring an | EEE interface, this screen can be accessed by selecting <F5> Configure External
Devices.
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To add additional devices, use <F3>. Note thisexternal device screenisalso used to configure
MP488CT Digital I/0 (pxez0) and Counter/Timers (TIMER).

The following parameters are available for modification.

Configuration Parameters
. Driver488/DRV Configuration Utility Version X.X All Rights Reserved
e Name: Externa device

Interfaces Configuration
names are user defined Name: DMM195
names which are used to - OMM165 |IEEE Bus Address 16 Secondary None
convey the configuration DIGIO (FII)I Mgge
information about each TER . () Error
device, from the Daveouime) 10000 %) 00
initialization file to the
application program. Each
external d?V'CG_mU_St have Bus Terms o Buffer Terms
u’

ana]\cr_ne t(;t_lder][tlfy Its CharE gCR LF E ;gg LF | Char gx))gs LF EX) CRLF
configuration to
Drivegr488/DRV The F3: Add interface board () None () None I None | ) None
name can then be used to F4: Delete selected board | £, §X>)OD 0A Ex))OD 0A ()ODOA ()0DOA
obtain ahandle to that
device which will be used _ Press <right arrows> to modify parameters for this interface .

F5: Configure External Devices F7: Jumper Settings F9: Quit F10: Save & Exit
by all of the

Driver488/DRV
commands. External
device names consist of 1
to 6 characters, and the first character must be aletter. The remaining characters may be letters,
numbers, or underscores (). External device names are case insensitive; upper and lower case
letters are equivalent. apc isthe same device as adc.

Configuration Utility for External Devices

e |EEE BusAddress. Thisisthe setting for the |IEEE 488 bus address of the device. It will be
checked against all the devices on the bus for conflicts. The |IEEE 488 bus address consists of a
primary address from 00 to 31, and an optional secondary address from 0o to 31 or “NONE”.

e Timeout (ms): Thetime out period isthe amount of time that data transfers wait before assuming
that the device does not transfer data. 1f the time out period elapses while waiting to transfer data,
an error signal occurs. Thisfield isthe default timeout for any bus request or action, measured in
milliseconds. If no timeout is desired, the value may be set to zero.

o Device Type: Thisfield specifiesthe type of device represented by the external device name
selected.

e BusTerminators: The |EEE 488 bus terminators specify the character(s) and/or end-or-identify
(moz) signal that isto be appended to datathat is sent to the external device, or mark the end of
datathat is received from the external device.

Note: Because secondary addresses and bus terminators are specified for each external device name,
it may be useful to have several different external devices defined for a single |EEE 488 bus
device. For example, separate names would be used to communicate with different secondary
addresses within a device. Also, different names might be used for communication of
command and status strings (terminated by carriage return/line feed) and for communication
of binary data (terminated by Eox).

Note: If installation or configuration problems exist, refer to “ Section IV: Troubleshooting.”

To save your changesto disk, press <F10>. All changes will be saved in the directory where you
installed Driver488/DRV. If at any time you wish to alter your Driverd88/DRV configuration, simply
rerun CONFIG.
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Multiple Interface Management

When designing a complex data acquisition system, it might be necessary to have more than one
| EEE 488 bus interface controlled by the computer. Typical instances include: A system with more
than 15 devices, the use of distributed control or the simultaneous operation of multiple transactions.

System With More Than 15 Devices

The |EEE 488 electrical specification limits the number of devices on a single bus (including the
controller) to 15. While a bus expander, such as the Expander488, can increase that limit to 28,
complex systems may require two or more | EEE 488 buses and have more controllers.

In this case, two or more interfaces would be used, each configured as a System Controller. Because
they are attached to completely separate buses, the two interfaces do not affect each other. They can
have the same | EEE 488 bus address, and the addresses of the devices on one bus may be the same as
the addresses of the devices on the other bus.

Use of Distributed Control

Two or more | EEE 488 buses can also be useful when they have different functions. For example, a
computer might use one bus as a System Controller to control instruments, while using another bus as a
Peripheral, to communicate with another computer.

Simultaneous Oper ation of Multiple Transactions

Another use of two | EEE 488 buses isto allow simultaneous operation of two separate transactions.
Some instruments, such as spectrum analyzers, have the ability to send their results, through the

|EEE 488 bus, directly to a printer or aplotter. Such an instrument, along with a printer or plotter,
would be attached to one interface, while other devices would be attached to another | EEE 438
interface. The computer could configure the spectrum analyzer to plot its results and then pass control
toit, alowing it to control the printer or plotter. Meanwhile, the computer would be using the other
bus to control other equipment.

To allow such complex systems, Driver488/DRV supports as many as four interfaces on asingle
computer. The conF1e program helps you to configure multiple interfaces and notifies you of possible
conflicts.

The examples in this manual assume, for the most part, that only one board isinstalled in the system,
and that it is accessed through the three device names given above for the first board. If multiple
interfaces are installed, then they are accessed in just the same manner as the first board, except that
different device names, as given above, are used. If, for example, two interfaces are installed, then a
BASIC program to use them might be;

100 OPEN “\DEV\IEEEIN” FOR INPUT AS #1
110 OPEN “\DEV\IEEEOUT” FOR OUTPUT AS #2
120 OPEN “\DEV\IEEEIN2" FOR INPUT AS #3
130 OPEN “\DEV\IEEEOUT2" FOR OUTPUT AS #4
140 PRINT#2,"OUTPUT 10;ROX"

150 PRINT#4,"OUTPUT 10;R1X"

where line 140 sends rox to device 10 on the IEEE 488 bus controlled by board 1, and line 150 send
R1x to device 10 on the second | EEE 488 bus. Because they are on two physically different IEEE 488
buses, thereis no confusion as to which device 10 is being accessed.

Note: If installation or configuration problems exist, refer to “ Section IV: Troubleshooting.”
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8C. External Device Interfacing
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Introduction

This Sub-Chapter isatechnical review of external device interfacing. It contains information on how
to use external devices, DOS devices and multiple interfaces.

Driver488/DRV controls 1/0 interfaces and their attached external devices. Inturn, Driver488/DRV is
controlled by one of two access methods: the Character Command Language (CCL), and direct DOS
1/O devices.

Driver488/DRV communicates directly with 1/0O interfaces, such as an |EEE 488 interface board and a
seria (RS-232) port. More than one 1/0 interface may reside on a single plug-in board. For example,
an RS-232 board often contains two or four functionally separate I/O interfaces, one for each port. The
GP488B board contains the |EEE 488 1/0 interface; and an MP488CT board contains an | EEE 488
interface, adigital 1/O interface, and a counter/timer 1/O interface.

I/O interfaces connect to external devices such as: digitizers, multimeters, plotters, and oscilloscopes
(IEEE 488 interface); and serial devices such as printers, plotters, and modems (serial RS-232 port).
Driver488/DRV allows direct control of IEEE 488 external devices, but it does not support other
external devices such asan RS-232 plotter. Such devices are supported by directly controlling the 1/0
interface (serial port).

Driver488/DRV is controlled by sending data and commands, and receiving responses and status by
one of two access methods: the Character Command Language, and Direct DOS 1/0O devices. These
methods, also known as Application Program Interfaces or APIs, are available to connect the
application (user’s) program to Driver488/DRV.

Character Command Language (CCL)

The Character Command Language (CCL) API isatype of DOS device driver that can control and
communicate with Driver488/DRV. A DOS device driver is a special type of program that appears to
the user’s program as afile that can be written to and read from like any disk file, but that does not
actually read and write the disk. For example, the DOS command:

COPY FILE.LST LPT1

copiesthe disk file FILE. LsT to the device driver LpT1 which prints FILE.LST. Thereisnofile
named L.pT1; the LPT1 device driver program has the responsibility for communicating with the
printer. The copy command can write to LrT1 just like an ordinary file, but DOS knows LpT1 isonly
adevice driver and allows it to process the data.
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The Character Command Language is a device driver that writes commands to, and reads responses
from, Driver488/DRV. To use the Character Command Language, the application program opens afile
with a special name, such as: “\DEV\IEEE”, and uses standard DOS file /O commands to
communicate with the Character Command Language device driver. Since the CCL isadevice driver,
standard DOS commands such as. TYPE and cory may be used to communicate with Driverd88/DRV
viathe CCL.

DOS Devices

Driver488/DRV may also be controlled by using DOS Devices. A DOS Deviceis a specia type of
DOS device driver that uses Driver488/DRV to communicate with a single External Device.
Remember that, as a DOS device driver, a DOS Device may be written to and read from, like any disk
file. When writing datato a DOS Device, the device driver commands Driver488/DRV to send the
data to the corresponding External Device. Similarly, when reading from the DOS Device, the device
driver commands Driver488/DRV to read data from the External Device.

Driver488/DRYV allows DOS Devices to be created that refer to specific External Devices, just asLPT1
refersto the printer. For example, if an IEEE 488 plotter were configured as a DOS Device named
pLOTDD (DD for DOS Device), then we could use copry to send aplot file to it:

COPY PLOTFILE.PLT PLOTDD

Configuration of Named Devices

External Devices and DOS Devices are most easily configured by using coNF1e. The device names,
terminators, time out period, and bus addresses may be entered into conFzc which then writesa
configuration file containing the device configuration information. This configuration fileis
automatically read when Driver488/DRV loads to install the configured devices.

Every device to be accessed by Driver488/DRV must have avalid device name. Driver488/DRV
comes with several device and interface names preconfigured for use. Among those already configured
for the GP488B board, for example, are: IEEE and com1. Y ou can configure up to 50 external devices
for the IEEE 488 bus.

It is also possible to configure new named devices by using the Driver488/DRV command

MAKE DEVICE. TheMAKE DEVICE command creates atemporary device that isanidentical copy of
an aready existing Driver488/DRV device. The new device has default configuration settings identical
to those of the existing device. The new device can then be reconfigured by calling the proper
functions, such asBus ADDRESS, INT LEVEL, and TIME ouT. When Driver488/DRYV is closed, the
new device isforgotten unlessthe keEp DEVICE command is used to make it permanent.

The following code illustrates how the Character Command Language API version of the MakE
DEVICE command could be used to configure several new named devices:

100 PRINT#1,"MAKE DEVICE DMM =ADC"

110 PRINT#1, "BUSADDRESS 16"

120 PRINT#1,"TERM CR LF EOI"

200 PRINT#1, "MAKE DEVICE SCOPECMD =ADC"
210 PRINT#1, "BUSADDRESS 1200"

220 PRINT#1,"TERM LF"

300 PRINT#1, "MAKE DEVICE SCOPE =ADC"
310 PRINT#1, "BUSADDRESS 1201"

320 PRINT#1,"TERM EOI"

Lines 100-120 of the above example define an external device named pvm (digital multi-meter) as
device 16 with bus terminators of carriage-return line-feed (cR LF) and EOI. Lines200-220 configure
an oscilloscope command channel to use line-feed as its IEEE 488 bus terminator at a primary address
of 12 and secondary address 00. Lines 300-320 configure the oscilloscope data channel to use Eox
only as the bus terminator so that it can transfer binary data to its address of 1201: primary address 12,
secondary address 01.

External Devices and DOS Devices defined at installation time are permanent. Their definitions last
until they are explicitly removed or until the computer isrestarted. Devices defined after installation
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are normally temporary. They are forgotten as soon as the program finishes. The XEEp DEVICE and
KEEP DOS NAME commands can be used to make these devices permanent. The REMOVE DEVICE and
REMOVE DOS NAME commands remove the definitions of devices even if they are permanent. These
commands are described in further detail in the “Section I11: Command Reference” of this manual.

Use of External Devices

Once we have configured the external devices, we can refer to devices by name. For example, using
the Character Command Language, the following program allows Driver488/DRV to communicate
with adigital multimeter:

200 PRINT#1, "CLEAR DMM"

210 PRINT#1, "OUTPUT DMM; VDC"

220 PRINT#1,"ENTER DMM"

230 INPUT#2,VOLTAGE

300 PRINT#1, "TRIGGER SCOPECMD"

320 PRINT#1,"ENTER SCOPE #1000 BUFFER 11";DS%;":";VARPTR (ARRAY)

In these commands we cLEAR the by, configure it for DC volts, take areading and storeit in the
variable voLTAGE. Next, we TRIGGER the scoPE at its command address and then read from its binary
data channel into an array. While these commands are hypothetical, they show how device names can
be used wherever a device addressis allowed.

As mentioned above, named devices have another advantage: they automatically use the correct bus
terminators and time out. When a named deviceis defined, it is assigned bus terminators and atime
out period. When communication with that named device occurs, Driverd88/DRV uses these
terminators and time out period automatically. Thus TERM Statements are not needed to reconfigure the
bus terminators for devices that cannot use the default terminators (which are usually carriage-return
line-feed Eo1). Itisstill possible to override the automatic bus terminators by explicitly specifying the
terminators in an ENTER or ouTPUT command. For more information, see the ENTER, ouTpuT, and
TERM commands described in “ Section I11: Command References.”

Direct 1/0 with DOS Devices

DOS Devices can be opened asfiles for direct communication. For example, we can configure two
names to refer to a plotter with an IEEE 488 bus address of 05:

400 PRINT #1,"MAKE DEVICE PLOTTER BUSADDRESS 05"
410 PRINT #1,"MAKE DOS NAME PLOT=PLOTTER"
420 PRINT #1,"MAKE DOS NAME PLOTIN=PLOTTER"

Then we can open them, one for input and one for outpuit:

430 OPEN “PLOT” FOR OUTPUT AS #3
440 OPEN “PLOTIN” FOR INPUT AS #4

Two different names are used to communicate with the plotter because, in BASIC, the same file cannot
be used for both input and output. In other languages, it might be possible to use the same file (with the
same device name) for both input and output. Also note that BASIC normally has a limit of 3 open
files. To open more than 3 files (asin this example; 2 for Driver488/DRV commands, and 2 for the
plotter), BASIC must be started with the parameter /F:n (where n isthe number of files). See your
BASIC manual for more details.

For clarity, the DOS Device names are not the same as External Device names. In normal use, one of
the DOS Device names might be chosen to be the same as an External Device name to show that they
communicate with the same External Device. Of course, the two DOS Device names must be different.

Once the files are opened, we can communicate PRINT commands to the plotter and INPUT responses
from the plotter without using the Driver488/DRV ouTPUT Or ENTER commands. When a named
deviceis used as afile, the ouTpuT and ENTER commands occur automatically.

500 PRINT#3,"IN; SP1l; PA1000,1000;" ‘Send plot commands
510 PRINT#3,"OE;" ‘Request plotter status
520 INPUT#4,STS ‘Read plotter status
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530 PRINT ST$ ‘and display it

Once a named deviceis configured, standard DOS commands may be used to transfer data to that
device. For example:

COPY PLOTFILE.DAT PLOT

copies the plot datafile pLoTFILE. DAT to the |EEE 488 bus plotter.

CAUTION

Because named devices can be used asfiles, some care must be taken so that they do not interfere
with other file or device namesin the system:

1. Device names should not be the same asthe primary name (the part before the period) of any
existing filesor directories. For example, if you define a device with the name“BASIC”,
then you cannot usethe program “BasIc.EXE”, and if you name a device“| EEE 488", then
you cannot access the Driver488/DRV subdirectory.

2. Device names should not be one of the standard DOS device names. COM, AUX, CON, LPT,
or PRN. Thiscould interferewith normal DOS oper ation.

3. Device names should normally not be duplicated. If duplicate device names are used, only
the last one of them installed is accessible. To avoid confusion, duplicate device namesare
not recommended.

With the considerations noted in the above warning, External Devices and DOS Devices make
Driver488/DRV significantly easier to use. External Devices allow | EEE 488 bus devicesto be
referenced symbolically, by a name, rather than by their bus address. They also automatically use the
appropriate | EEE 488 bus terminators and time out period. Finally, it is possible to communicate
directly with DOS Devices just as you would communicate with any file.

Extensions For Multiple Interfaces

Driver488/DRYV allows the simultaneous control of multiple interfaces each with several attached
devices. To avoid confusion, external devices may be referred to by their “full name” which consists of
two parts. The “first name” is the hardware interface name, followed by a colon separator ( : ). The
“last name” isthe external device name on that interface. For example, the “full name” of pMm might
be IEEE: DMM.

Duplicate Device Names

Duplicate device names are most often used in systems that consist of several identical sets of
equipment. For example, atest set might consist of asignal generator and an oscilloscope. If three test
sets were controlled by a single computer using three separate |EEE 488 interfaces, then each signal
generator and each oscilloscope might be given the same name and the program would specify which
test set to use by opening the correct interface (oPEN“IEEE” for one, oPEN“IEEE2" for the other), or
by using the interface names when communicating with the devices (7 IEEE : GENERATOR" for one and
“IEEE2 : GENERATOR” for the other.)

Unique names are appropriate when the devices work together, even if more than one interfaceis used.
If two different oscilloscopes, on two different interfaces are used as part of the same system, then they
would each be given a name appropriate to its function. This avoids confusion and eliminates the need
to specify the interface when opening the devices.

Access of Multiple Interfaces

If the computer only has one | EEE 488 interface, then there is no confusion, for every external device
isknown to be on that interface. However, if the computer has more than one | EEE 488 interface, then
rules apply when using the Character Command L anguage:
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Example

1. If the external device name is defined on the current hardware interface, then that interface is used
to communicate with that device. The current hardware interface is the one that was opened to
communicate with Driver488/DRV. Thiswould be 1EEE for the first IEEE 488 interface, IEEE2
for the second, etc.

2. If the nameis defined on another hardware interface, that other interface is used to communicate
with that device.

3. If the nameis defined on more than one other interface (and not on the current interface) then one
of those interfacesis used. The choice of which particular interface is not defined.

4. Inorder to specify the interface to use, the interface name may be prefixed with a colon to the
device name. For example, IEEE2 : DMM refers to the digital multimeter attached to interface
1EeE2. |f the specified device does not exist on the specified interface, then an error occurs.

Assume there are three |EEE 488 interfaces: IEEE, IEEE2, and IEEE3 controlling multiple devices:
SCOPE (On IEEE), DA (On IEEE2) and DA (on IEEE3). Sincethere are two external devices, both
named pa, their full name must be used to specify them.

After opening the interfaces with the following command lines:

OPEN “IEEE” AS #1
OPEN “IEEE2" AS #2
OPEN “IEEE3" AS #3

we can communicate with the external devices, according to the four rules above.

PRINT #1,"OUTPUT SCOPE;..." SCOPE ON IEEE. SeeRulel

PRINT #3,"OUTPUT SCOPE;..." SCOPE ON IEEE (not IEEE2). See Rule2

PRINT #1,"OUTPUT DA;..." DA On IEEE2 Or IEEE3 (not specified). See Rule 3
PRINT #1,"OUTPUT IEEE2:DA;..." DA ON IEEE2. SeeRule4

PRINT #1,"OUTPUT IEEE2:SCOPE;..." ERROR (NOt IEEE: SCOPE). SeeRule4

8D.

Getting Started

Topics
®  INTrOAUCTION. ... 11-49
e Keyboard Controller Program...........ccccovviiiiiiiiiiiie e 11-50
e Direct Control from DOS USiNg CCL ........ccceieiiiiiiiiieeeeiiieee 11-51

Introduction

Once Driver488/DRV has been installed in your system, it is ready to begin controlling |EEE 488 bus
devices. This Sub-Chapter describes methods of controlling the bus directly from the keyboard. Other
Sub-Chaptersin this Chapter develop short programs, in various languages, to control a Keithley
Instruments Model 195 digital multimeter. The techniques used in these programs are quite general,
and apply to the control of most instruments.

It is not necessary to write programs to control |EEE 488 bus devices using Driver488/DRV. Instead,
using the Character Command Language Application Program Interface (CCL API), commandsto the
bus may be sent directly from the keyboard, with responses displayed on the screen or sent to afile.
The Keyboard Controller program provides this capability, as do the standard MS-DOS commands.

[1-50
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Keyboard Controller Program

The program KBC. EXE iSa utility program that allows you to enter Driver488/DRV commands from
the keyboard and see what effect they have. When xBc isrun, it displays an IEEE> prompt and waits
for acommand to be entered from the keyboard. When the <Enter> key is pressed, kBc sends the
command to Driver488/DRV and displays any response or error messages that occur. This allows you
to test the various Driver488/DRV commands and their effects on your instruments without having to
write aprogram. A dialog with kBc might be:

First, we can use the HELLO command to display the Driver488/DRV revision identification:

IEEE> HELLO <Enter>
Driver488 Revision X.X ©199X IOtech, Inc.

Then check the Driver488/DRV status:

IEEE> STATUS <Enter>
Cs21 1 I000 000 TO CO PO OK

The following indicators describe each component of the Driver4d88/DRV status:

Indicator | Driver488/DRV Status

C It isin the Controller state.

S It isthe System Controller.

21 The value of its |EEE 488 bus address.
1 An Address Change has occurred.
I Itisidle (neither atalker nor alistener).
0 Thereisno ByteIn available.
0
0

It is not ready to send aByteoOut.
Service Reguest (srRQ) is not asserted.

000 Thereis no outstanding error.

TO It has not received a bus device TRIGGER command (only applicable in the Peripheral
mode).

co It has not received a c.ear command (only applicable in the Peripheral mode).

PO NO CONTINUE transfer isin progress.

OK The error message is “OK”.

Next, take areading from |IEEE 488 bus device 16:

IEEE> ENTER 16 <Enter>
NDCV=035.679E-3

Now, list the commands that have been executed so far and re-execute the ENTER command:

IEEE> .L <Enter>

3 HELLO

2 STATUS

1 ENTER 16

IEEE .1 <Enter>

IEEE> ENTER 16 <Enter>
NDCV+032.340E-3

Notice that the .. and . 1 commands are not Driver488/DRV commands. Instead, they are supplied by
thekBc program. The .. command is used to show alist of the previously entered commands. KBc
keeps the last 20 commands in thislist. Any of these commands can be reentered by typing a period
followed by the number of that command. For example, the . 1 command reenters the last command
that was entered. The user may then edit this command, or may just press <Enters re-executing the
command.
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Finaly, EXIT causes KBC to terminate:

IEEE> EXIT <Enter>

As already mentioned, kBc obeys the standard DOS editing keys. In using these editing keys, the
previous command is used as atemplate. Characters from the template are copied into the current
command line under control of the editing keys. These editing keys, coupled with the ability to retrieve
previous commands, greatly ease the task of trying various Driver488/DRV commands.

The editing keys and their actions are:

Editing Key Editing Function

<Fl> or <—> Copies one character from the template to the command line.

<F2>char Copies characters from the template to the command line up to the character
specified.

<F3> Copies al remaining characters from the template to the command line.

<F4>char Skips over (does not copy) characters from the template up to the character
specified.

<F5> Replaces the template with the current command line.

<Del> Skips over (does not copy) one character in the template.

<Ins> Togglesinsert mode. When insert mode is off (the default) characters from
the template are skipped as characters are entered from the keyboard.
When insert mode is on, no charactersin the template are skipped.

<Esc> Clears the command line and leaves the template unchanged.

Direct Control from DOS Using CCL

Because Driver488/DRYV is a standard MS-DOS device driver, any program that can read and write
charactersto files can control the IEEE 488 bus. In particular, MS-DOS (and PC-DOS) provide
several commands that can communicate directly with Driver488/DRV. To begin communication, itis
helpful to turn on the Driver488/DRV automatic error display:

C:\> ECHO ERROR ON> IEEE <Enter>
and tell Driver488/DRV to end its responses with an end-of-file character (control-z, ASCII 26):
C:\> ECHO FILL $26> IEEE <Enter>

Note the format of these commands: the DOS command Ecto, followed by the Driver488/DRV
command ERROR ON Or FILL $26, whichisredirected by the > to afile named 1EEe. When EcHO
tries to write the command to 1EEE, DOS notices that IEEE is the name of a device driver, not afile,
and so sends the command to the device driver which of course is Driver488/DRV.

Once the input terminator isinitialized to the end-of-file character, DOS can be used to get responses
from Driver488/DRV and the attached | EEE 488 bus devices.

First, we can use the HELLO command to display the Driver488/DRV revision identification:

C:\> ECHO HELLO> IEEE <Enter>
C:\> TYPE IEEE <Enter>
Driver488 Revision X.X ©199X IOtech Inc.

Then check the Driver488/DRV status:

C:\> ECHO STATUS> IEEE <Enter>
C:\> TYPE IEEE <Enter>
Cs21 1 1000 000 TO CO PO OK

The following indicators describe each component of the Driver488/DRV status:
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Indicator | Driver488/DRV Status
C Itisin the Controller state.
S It isthe System Controller.
21 The value of its | EEE 488 bus address.
1 An Address Change has occurred.
I Itisidle (neither atalker nor alistener).
0 Thereisno ByteIn available.
0 Itis not ready to send aByteout.
Y Service Reguest (srQ) is not asserted.
000 There is no outstanding error.
TO It has not received a bus device TRIGGER command (only applicable in the Peripheral
mode).
co It has not received a cL.EaR command (only applicable in the Peripheral mode).
PO NO CONTINUE transfer isin progress.
OK The error message is “OK”.

Next, take areading from IEEE 488 bus device 16:

C:\> ECHO ENTER 16> IEEE <Enter>
C:\> TYPE IEEE <Enter>
NDCV=035.679E-3

Now, if an |EEE 488 bus device name has been defined using the INsTALL program, that name can be
used to refer to the bus device. For example, assume that a Keithley Instruments Model 195 digital
multimeter has been given the name x195. The meter could be reset to its power-on conditions with a
CLEAR cOmmand:

C:\> ECHO CLEAR K195> IEEE <Enter>

To program the 195 for the 2 VDC range, send it the R3F0x command:
C:\> ECHO OUTPUT K195;R3F0X> IEEE <Enter>

This could also be achieved by sending the command directly to the device:
C:\> ECHO R3F0X> K195 <Enter>
To check the status of the 195, use the SERIAL POLL, Of SPOLL command:

C:\> ECHO SPOLL K195> IEEE <Enter>
C:\> TYPE IEEE <Enter>

To display areading from the 195, use the ENTER command:

C:\> ECHO ENTER K195> IEEE <Enter>
C:\> TYPE IEEE <Enter>

To view continuous readings from the 195, read directly from the k195 device:

C:\> TYPE K195 <Enter>

This causes readings to be taken from the 195 and displayed until <ctrl-Breaks> istyped. Note that
<Ctrl-Break> may halt Driverd88/DRV in the middle of atransaction, causing the first attempt at
another command to give a SEQUENCE ERROR. If thisshould occur, simply retry the last command.

It isalso possible to save the bus device datainto afile:

C:\> ECHO ENTER K195> IEEE <Enter>
C:\> TYPE IEEE> DATA <Enter>
C:\> ECHO ENTER FREQ> IEEE <Enter>
C:\> TYPE IEEE>> DATA <Enter>

The first two commands create a file named paTa that holds a reading from the 195. The next two
commands append a reading from the device FrReQ to the datafile. Note the use of the >> to indicate

append.
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Use of the Character Command Language

In order to simplify programming Driver488/DRV with C, the following files are provided on the
Driver488/DRV program disk:

e IEEETO.C: Communications routinesfor Driver488/DRV
e IEEETO.H: Header file, contains declarations from IEEETIO.C

e IEEEDEMO.C: Examplefile showing useof fputs and fgets with Driver488/DRV (included
with Microsoft C only)

e CRITERR.ASM: Critica error handler assembly language source file (included with Microsoft C
and Turbo C only)

e CRITERR.OBJ: Object file produced from cRITERR.AsM (included with Microsoft C and Turbo
Conly)

e CRITERR.H: Header file, contains declarationsfor using CRITERR.ASM
The actual demonstration program is contained in 195DEMO. C.
All filesfor Microsoft C are in the \mMsc directory.

To execute the demonstration program, the files must be compiled and then linked. The following
DOS commands perform these steps:
C> msc 195demo;

C> msc ieeeio;
C> link 195demo ieeeio;

Finally, the demonstration program is run by typing 195DEMO <Enters>. Notice that the critical error
handler cRITERR.ASM isnot required for the demonstration program. Its use is described later in
“CRITERR.ASM (Microsoft C & Turbo C),” one of the last topicsin this Sub-Chapter.

The above command assumes that you have Microsoft C and that the files have been copied into the
appropriate directory for use with your C compiler. Notice that the program uses a small data model
because it uses less than 64K of code and data.

Initialization of the System

Any program using Driver488/DRV must first establish communications with the Driver488/DRV
software driver. In C, thisisaccomplished using the orEN statement. Communication both to and
from Driver488/DRYV isrequired. Thus, the file must be opened for both reading and writing (RDWR).
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Also, in Microsoft C and Turbo C, the file must be opened in BINARY mode so that end-of-line
characters are not translated.

In Microsoft C and Turbo C, the file is opened with the following statement:
ieee=open(“ieee”,0 RDWR | O BINARY);

which is part of the IEEEINIT function contained in IEEEIO.C. IEEEIO.C suppliesseveral other
useful routines and definitions. These routines and definitions are described later in more detail in
“Interrupt Handling,” an upcoming topic in this Sub-Chapter.

In the above statement, the value returned by opEN and placed into the integer variable 1EEE, is either
the handle of the opened file, or -1 if some error has occurred. The IEEEINTT routine checks for this
error indication and returns a -1 if there has been such an error.

Of course, the file descriptor variable name TEEE may be changed as desired, but throughout this
manual and the program files, IEEE has been used. Once the file is opened, we can send commands
and receive responses from Driver488/DRV.

Normally, when DOS communicates with afile, it checks for special characters, such ascontrol-z
which can indicate end-of-file. When communicating with IEEE 488 devices, DOS's checking would
interfere with the communication. The RawMoDE function prevents DOS from checkings for special
characters:

rawmode (ieee) ;

As an additional benefit, communication with Driver488/DRYV is much more efficient when DOS does
not check for special characters.

Driverd88/DRV can accept commands only when it isin a quiescent, ready state. While
Driver488/DRV should normally be ready, it is possible that it was left in some unknown state by a
previous program failure or error. In order to force Driver488/DRV into its quiescent state, we use the
1ocTL_ Wt function:

ioctl wt(ieee, "break",5);

This zocTL_wt function is equivalent to the BASIC statement TocTL#1, “BREAK” Which sends the
BREAK command through a “back door” to Driver488/DRV. Driver488/DRV recognizes this “back
door” command regardless of what else it might be doing and resetsitself so that it is ready to accept a
normal command. We can then completely reset the Driver488/DRV with the RESET command:

ieeewt (“reset\r\n”);

which resets the operating parameters of the Driver488/DRV back to their normal values (those that
were set during system boot by the brRvr488 DOS command). Notice that the EoL ouT terminators
that mark the end of a Driver488/DRV command are reset to carriage return and line feed by the
10cTL_WT command. Thus, the RESET command must be terminated by both a carriage return (\r)
and alinefeed (\n). Asitismore convenient if Driverd88/DRV accepts line feed only asthe
command terminator, we use the EoL. ouT command to set the command terminator to just line feed
(\n):

ieeewt (“eol out 1lf\r\n”);

Notice that this command must also be terminated by both a carriage return and aline feed because the
command terminator is not changed until after the EoL. ouT command is executed.

Character stringsin C are normally terminated by anull (anascrz 0). Thus, it isappropriate for
Driver488/DRV to terminate its responses to the program with anull so that the response can be treated
asanormal character string. We can use the Eor. 1§ command to configure Driver4d88/DRV so that it
does provide an ASCII null terminator:

ieeewt (“eol in $0\n”);

Finally, we enable SEQUENCE - NO DATA AVAILABLE error detection by setting the FILL modeto
ERROR:

ieeewt (“fill error\n”);
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All the commands discussed so far: OPEN, RAWMODE, IOCTL_WT, RESET, EOL OUT, EOL IN and FILL
ERROR are part of the 1EEEINIT functionincluded in IEEEIO.C. IEEEINIT returnsazero if these
steps were executed successfully, and a -1 if some error was encountered. Thus, to accomplish all the
above steps, we just use the following:

#include “ieeeio.h”
#include <stdio.h>

if (ieeeinit() == -1) {

printf (“Cannot initialize IEEE system.\n”);
exit(1);

}

The two INCLUDE statements provide the program with definitions of the standard I/O and IEEE 1/0O
functions so they can be referenced by the demo program. TEEEINIT iscalled to initialize the system,
and if it indicates an error (returnsa -1), we print an error message and exit. If there was no error, we
just continue with the program.

Once everything is reset, we can test the communications and read the Driver488/DRV revision number
with the HELLO command:

char response[256];
ieeewt (“*hello\n”) ;
ieeerd (response) ;

printf (“%s\n”,response) ;

Wefirst 1EEEWT the HELLO command, then IEEERD the response from Driver488/DRV into the
character string response (IEEEWT and IEEERD are both supplied in TEEETO.C). Finaly, we display
the response with a PRINTF.

It is not necessary to perform the HELLo command, but it isincluded here as a simple example of
normal communication with Driverd88/DRV. Its response is the revision identification of the
Driver488/DRV software; Driver488 Revision X.X ©199X IOtech, Inc.

We can aso interrogate Driver488/DRV for its status:

ieeewt (“status\n”) ;
ieeerd (response) ;
printf (“%s\n”, response) ;

Subsequently, the printed responseis similar to the following:
CS21 1 I000 000 TO CO PO OK

The following indicators describe each component of the Driver488/DRV status:

Indicator | Driver488/DRV Status
C Itisin the Controller state.
It isthe System Controller.
21 The value of its | EEE 488 bus address.
1 An Address Change has occurred.
I Itisidle (neither atalker nor alistener).
0 Thereisno ByteIn available.
0 Itisnot ready to send aByteout.
Y Service Reguest (srQ) is not asserted.
000 There is no outstanding error.
TO It has not received a bus device TRIGGER command (only applicable in the Peripheral
mode).
co It has not received a cL.EAR command (only applicable in the Peripheral mode).
PO NO CONTINUE transfer isin progress.
OK The error message is “OK”.
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Configuration of the 195 DMM

Once the system isinitialized we are ready to start issuing bus commands. The |EEE 488 bus has
already been cleared by the Interface Clear (1Fc) sent by the RESET command, so we know that all bus
devices are waiting for the controller to take some action. To control an |EEE 488 bus device, we
output an appropriate device-dependent command to that device. For example, the FOrRox command
line below sets the 195 to read DC volts with automatic range selection:

ieeewt (“output 16;FOR0X\n”) ;

The outpuT command takes a bus device address (16 in this case) and data (ForR0x) and sends the data
to the specified device. The address can be just a primary address, such as 12, or 05, or it can include
asecondary address: 1201. Note that both the primary address and, if present, the secondary address
are two-digit decimal numbers. A leading zero must be used, if necessary to make a two-digit address.

Taking Readings
Once we have set the 195’ s operating mode, we can take a reading and display it:

float voltage;

ieeewt (“enter 16\n”);

ieeescnf (“%*4s%e”, &voltage) ;

printf (“The read value is %g\n”,voltage);

The ENTER command takes a bus address (with an optional secondary address) and configures that bus
device so that it is able to send data (addressed to talk). No datais actually transferred, however, until
the IEEESCNF Statement requests the result from Driver488/DRV at which time datais transferred to
the program into the variable voltage. A typical reading from a 195 might be NDcv+1.23456E-2,
consisting of afour character prefix followed by afloating point value. The format passed to
IEEESCNF causes it to skip the four character prefix (s*4s) and then convert the remaining string into
the float variable voltage.

All the power of C may be used to manipulate, print, store, and analyze the data read from the
|EEE 488 bus. For example, the following statements print the average of ten readings from the 195:
int i;
float sum;
sum=0.0;
for (i=0; i<10; i++) {
ieeewt (“enter 16\n”);
ieeescnf (“%*4s%e”, &voltage) ;
sum=sum+voltage;

}

printf (“The average of 10 readings is %g\n”,sum/10.0);

Buffer Transfers

Instead of using an TEEERD (_) function to receive the data from a device, we can direct
Driver488/DRV to place the response directly into a data buffer of our choosing. For example, each
reading from the 195 consists of 17 bytes: afour-byte prefix and an eleven-byte reading followed by
the two-byte command terminator. So, we can collect 100 readings in a 1700-byte array. To do this,
we must first allocate the required space in an array:

char hundred[1700];

Now that we have allocated a place for the readings, we can direct Driver488/DRV to put readings
directly into hundred with the ENTER #count BUFFER command:

ieeeprtf (“ENTER 16 #1700 BUFFER %d:%d\n”,
segment (hundred) ,offset (hundred)) ;

This command consists of the keyword ENTER, followed by the bus device address (16), a number sign
(#), the number of bytesto transfer (1700), and the keyword BUFFER, followed by the memory address
of the buffer. The buffer address isspecified as segment :of fset Where segment and of fset are
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each 16-bit numbers and the colon (:) isrequired to separate them. The segment and of£set values
we need are returned by the segment and of£set functions, respectively.

Once the data has been received, we can print it out:

for (i=0; i<1700; i++) putchar (hundred[il);

The program could process the previous set of data while collecting a new set into a different buffer.
To allow the program to continue, specify continue in the command:

ieeeprtf (“ENTER 16 #1700 BUFFER continue\n”,
segment (hundred) ,offset (hundred)) ;

Once we have started the transfer, we can check the status:

ieeewt (“status\n”) ;
ieeerd(response) ;
printf (“%s\n”,response) ;

The status that is returned is typically:
CS21 1 L100 000 TO CO Pl OK

Notice p1 which states atransfer isin progress, and . which shows we are still alistener. If the bus
deviceis so fast that the transfer completes before the program can check status, the response is po
showing that the transfer is no longer in progress. We can also wazt for the transfer to complete and
check the status again:

ieeewt (“wait\n”) ;

ieeewt (“status\n”);

ieeerd(response) ;
printf (“%s\n”,response) ;

This time the status must be o asthe wazT command waits until the transfer has completed. Now that
we know the transfer is complete, we are ready to print out the received data as shown above.

Interrupt Handling

The |EEE 488 busis designed to be able to attend to asynchronous (unpredictable) events or
conditions. When such an event occurs, the bus device needing attention can assert the Service
Request (srQ) line to signal that condition to the controller. Once the controller notices the sr, it can
interrogate the bus devices, using Parallel Poll (ppoL1) and/or Seria Poll (spoLL) to determine the
source and cause of the srQ, and take the appropriate action.

Parallel Poll isthe fastest method of determining which device requires service. Parallel Poll isavery
short, simple | EEE 488 bus transaction that quickly returns the status from many devices. Each of the
eight IEEE 488 bus data bits can contain the Parallel Poll response from one or more devices. So, if
there are eight or fewer devices on the bus, then just the single Parallel Poll can determine which
requires service. Even if the busis occupied by the full complement of 15 devices, then Parallel Poll
can narrow the possihilities down to a choice of no more than two.

Unfortunately, the utility of Parallel Poll islimited when working with actual devices. Some have no
Parallel Poll response capability. Others must be configured in hardware, usually with switches or
jumpers, to set their Parallel Poll response. If Parallel Poll isnot available, or several devices share the
same Paralléel Poll response hit, then Serial Polling is till required to determine which deviceis
requesting service.

Serial Poall, though it is not as fast as Parallel Poll, does offer three major advantages: it gives an
unambiguous response from a single bus device; it returns additional status information beyond the
simple request/no-request for service; and, most importantly, it isimplemented on virtually all bus
devices.

The srq line can be monitored in two ways: it can be periodically polled by using the sTaTus
command, or by checking the “light pen status.”

BASIC provides a method for detecting and servicing external interrupts: the on PEN statement. The
ON PEN statement tells BASIC that, when an external interrupt is detected, a specific subroutine,
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known as the interrupt service routine (ISR), isto be executed. Normally, the interrupt detected by
ON PEN isthelight pen interrupt. However, Driver488/DRV redefines this “light pen interrupt” to
signal when an IEEE 488 bus related interrupt (such as srQ) has occurred.

Unlike BASIC, C does not provide an automatic method of checking for light pen interrupts.
Therefore, afunction is needed to check for the interrupt. The function could use the sTaTus
command, but it is much faster to check the interrupt status directly using aBIOS interrupt. The
ckLPINT (check light pen interrupt) function provided in IEEEIO. ¢ uses the BIOS to check for
Driver488/DRV interrupts and returnstrue (1) if oneis pending. Interrupts are checked automatically
by the 1EEEWT routine before sending any datato Driver4d88/DRV. However, IEEEWT does not call
ckLPINT directly. Instead, it callsthe routine that is pointed to by IEEE cKI (IEEE check interrupt).
If IEEE _CKI pointsto ckLPINT, then 1EEEWT checks for Driver488/DRV interrupts, but if

IEEE CKI pointsto false , afunction that alwaysreturns o, then interrupt checking is disabled.
Initially, IEEE_cKI doespointto false , and so interrupt checkingisdisabled. To enableinterrupt
checking IEEE_CKI must be redirected to CKLPINT:

int cklpint();
ieee cki = cklpint;

Once an interrupt has been detected, an interrupt service routine must be invoked to handle the
interrupting condition. When 1EEEWT detects an interrupt, it calls the interrupt service routine (1SR).
Just as tEEEWT does not call the check-for-interrupt routine directly, it does not call the ISR directly,
either. Instead, it callsthe routine pointed to by TEEE 1SR (IEEE interrupt service routine). If

IEEE ISR iSsetto point to some specific ISR, then that ISR is executed when IEEEWT detects an
interrupt. Initiadly, IEEE_ ISR pointstono_op, afunction that does nothing. So, unless IEEE_ISRis
redirected to another routine, nothing is done when an interrupt is detected. In the 195DEMO example
program an interrupt service routine, called isr, has been provided. So, IEEE_ 1SR must be set to
point this routine for interrupts to be handled properly:

ieee isr = isr;

Once we have enabled interrupt checking by setting IEEE_CKI to point to ckLPINT, and specified the
interrupt service routine by setting IEEE_ISR to point to isr, then we can specify which conditions are
to cause an interrupt. The arM command specifies those conditions. In this example we want the
interrupt to occur on the detection of a Service Request (SRQ):

ieeewt (“arm srq\n”);

The 195 can be set to request service on any of several different internal conditions. In particular, the
M2 command causes an SRQ on the detection of any invalid command or command option by the 195:

ieeewt (“output 16;M2X");

ThisouTpuT command is placed early in the program so that all subsequent commands to the 195
cause an srg, if they areinvalid.

Now that interrupt detection is enabled, and the interrupt service routine is specified, we must specify
the actions to take to service the interrupt. We first display a message indicating that an interrupt was
detected, and then turn off interrupt checking:

void isr()
{ int false ();
printf (“Interrupt detected...”);

ieee cki = false ;
We next check the Driver488/DRV Seria Poll Status to determineif an srQ actually caused the
interrupt:

int sp;

ieeewt (“spoll\n”) ;

ieeescnf (“%d”, &sp) ;

if (sp==0) {

printf (“Non-SRQ Interrupt!\n”);
exit (1) ;

}
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We then Serial Poll the 195 to determine its status. |f there were other devices on the bus that could be
generating the srQ, each of them would be have to be checked in turn.

int stl195;
ieeewt (“spoll 16\n”);
ieeescnf (“%d”, &stl95) ;

if ((stl95 & 0x40) == 0 ) {
printf (“Non-195 SRQ!\n”) ;
exit();

}

Bit pxo7, with avalue of 0x40, isreturned astrue (1) in the Serial Poll response of those devices
requesting service. In our simple example we expect that the 195 is the only possible cause of an srg,
and if not, there must be some error.

Now that we have identified the device that is requesting service, we can further examine the Seria
Poll status to classify the request:

if ((stl95 & 0x20) == 0) {
if (stl95 & 0x01)

printf (“Overflow\n”) ;

if (stl95 & 0x02)

printf (“Buffer Full\n”);

if (stl95 & 0x04)

printf (“Buffer 1/2 Full\n”);
if (stl95 & 0x08)

printf (“Reading Done\n”) ;

if (stl95 & 0x10)

printf (“Busy\n”) ;

} else {

if (stl95 & 0x01)

printf (“"Illegal Command Option\n”) ;
if (stl95 & 0x02)

printf (“"Illegal Command\n”) ;
if (stl95 & 0x04)

printf (“No Remote\n”);

if (stl95 & 0x08)

printf (“Trigger Overrun\n”) ;
if (stl95 & 0x10)

printf (“Failed Selftest\n”);

}

The action taken depends on the system design, but in this example, a message display is adequate.
Now, after decoding the cause of the srQ, we can re-enabl e interrupts and return to the main program:

ieee cki = cklpint;

IEEEIO.C

The 1EEEIO0. C file contains several useful declarations and functions, many of which have been used
in the 195DEMO example program. They are:

e IEEE isaninteger that holds the file descriptor (MS-DOS handle) returned by opEN.
int ieee
e segment and offset return the 16-hit segment and of£set values that make up a pointer.

int segment (ptr)
void *ptr
int offset(ptr)
void *ptr

The implementation of these functions depends on the memory model being used. 1n the small
data model, pointers are 16 bits and are exactly the of £set desired. Here, the segment isaways
theinternal ds register value. In the large data model, pointers are 32 bits, one word of whichiis
the segment and the other isthe of£set. For more information on memory models, see the
“Other Languages’ Sub-Chapter in this Chapter.
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e ERRNO holdsthe error code for 1/O and other errors.

extern int errno;

e TIOCTL_RD and IOCTL WT are special versionsof rocTL 1o which reads and writes to the 1/0
control channel of adevice.

int ioctl io(handle,chars,size,iocall)
int handle,

size,

iocall;

char charslI];

#define ioctl rd(handle,chars,size) \
ioctl io(handle,chars,size,0x4402)
#define ioctl wt(handle,chars,size) \
ioctl io(handle,chars,size,0x4403)

The I/O control channel of adeviceisread from and written to exactly as the normal (data)
channel is read and written, but the data transferred is not to be treated in the same way. Normally,
the 1/0 control channel isused to communicate setup and status information regarding the device
without actually transferring any data to or fromit. When using Driver488/DRV, IOCTL WT iS
used to force Driver488/DRV to be ready to accept acommand, and IocTL RD isused to return
status information from the driver. These functions correspond exactly to the TocTL and T0CTL$
commands, as described in “Section I11: Command References.”

e CKLPINT, IEEE CKI, and IEEE_ISR are functionsand pointerswhich provide for automatic
interrupt detection and servicing.

int cklpint()
int _false ()

int (*ieee cki) () = false
void no_op()
void (*ieee isr) () = no_op

Driver488/DRV signals interrupts, which are enabled with the aARM command, by causing the light
pen signal to appear “true.” The ckLPINT checksthat Driverd88/DRYV is ableto service an
interrupt (the response from rocTL_RD is0) and then checks if an interrupt is pending by
checking the light pen status. The T1EEEWT routine (described below) calls the function pointed to
by IEEE cKI todetermineif an IEEE interrupt needsto be serviced. The IEEE cKRI normally
pointsto the function false which awaysreturnszero (0). To enable interrupt checking
IEEE CKI must be redirected to point to cKLPINT. Interrupt checking isdisabled by pointing
IEEE CKI backto false . Oncean interrupt has been detected, 1EEEWT calls the interrupt
service routine pointed to by IEEE ISR to servicetheinterrupt. The IEEE ISR initially pointsto
no_op, afunction that does nothing, but it may be redirected as needed to specify the appropriate
interrupt service routine for each part of a program.

e IEEEWTand IEEERD arevery similar to the unbuffered wRITE and READ routines provided in
the C library.

int ieeewt (handle,chars)

int handle

char chars|]

int ieeerd(handle,chars,size)

int handle,

size

char chars[]

#define ieeewt(chars) _ieeewt(ieee,chars)

#define ieeerd(chars) ieeerd(ieee,chars,sizeof (chars))

The 1eEEWT differsfromwriTE inthat it checksfor Driver488/DRV interrupts before writing,
determines the number of characters to write by using STRLEN, and prints an error message if an
error has occurred during writing. The 1EEERD differsfrom REaD only in that it prints an error
message if an error has occurred during reading. IEEEWT and IEEERD (without the leading
underscore) write and read to the file 1EEE. Notice that IEEERD uses S1zEOF to determine the
number of charactersto read. Thisonly worksif sTzeEoF can determine the number of bytesin the
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receive buffer, chars. Thismeans chars must be an array of known size, for example,
char chars[256], NOt char*chars.

IEEEPRTF and IEEESCNF are | EEE 488 versions of PRINTF and SCANF, respectively.

int ieeeprtf (format,...)

char *format

int ieeescnf (format,a,b,c,d,e)
char *format, *a, *b, *c, *d, *e

The 1EEEPRTF accepts aformat string and alist of arguments. It formats its arguments according
to the specified format and sends the formatted string to Driverd88/DRV. The IEEESCNF accepts
aformat string and up to 5 pointers (to the types specified in the format string). It reads a string of
up to 256 bytes from Driver488/DRV, terminates it with a zero, convertsit according to the format
string, and places the converted values into the variables pointed to by the specified pointers.

RAWMODE Sets the file specified by handle for “raw mode” 1/0.

int rawmode (handle)
int handle

In“raw mode” MS-DOS does not interpret the characters received from the file. In particular,
control-Z isnot taken as end-of-file. “Raw mode” isusually appropriate for |EEE 488
communications because it does not interfere with the transfer of binary data and because it is
much more efficient than *“non-raw mode” 1/0O.

IEEEINIT establishes communications with Driver488/DRV and configuresit for use with C.
int ieeeinit()

It first opens the file 1EEE for both reading and writing and puts the file descriptor into TEEE. It
then puts the fileinto “raw mode’. Driver488/DRYV isthen initialized by sending the TocTL
“BREAK” and RESET commands. Normal output from C is terminated by a new-line (line feed)
character, and returned strings should be terminated by anull, so Eor. ouT LF and EOL IN $0
commands are then issued. Finally arFILL ERROR command isissued to enable SEQUENCE - NO
DATA AVAILABLE error detection. If an error is detected during any of these commands,
IEEEINIT refurnsa -1, otherwise it returns azero (0).

CRITERR.ASM (Microsoft C & Turbo C)

Normally, when Driver488/DRV detects an error, perhaps due to a syntax error in acommand, it
responds with an 1/0O error to DOS. When this happens, DOS normally issues an ABORT, RETRY OF
IGNORE message and waits for a response from the keyboard. There is no way for the user’s program

to detect such an error, determine the cause, and take appropriate action. However, DOS does provide

amethod of redefining the action to be taken on such a“critical error”. CRITERR.ASM containsa
critical error handler that, when invoked, makes it appear to the calling program that some less-critical
error has occurred. Thecritical error handler isinstalled by crIT on() and removed by

CRIT OFF ().Thecritical error handler is also automatically removed by DOS when the program exits.

The following program fragment demonstrates the use of the critical error handler:

#include “criterr.h”

crit on(ieee);

if (ieeewt (“output 16;F0X”) == -1) {
printf (“Error writing FO0X to device 16, \n”);
crit off();

ioctl wt(ieee,"break",5);

ieeewt (“eol out 1lf\r\n”);

ieeewt (“status\n”);

ieeerd (response) ;

printf (“status = %s\n”,response);
crit on(ieee);

}

We must first #inc1lude the header file with the definitions of the critical error routines. We then

enable critical error trapping with crRIT oN which takes as a parameter the handle of the file for which
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critical error trapping isto be enabled. Only read and write commands to that handle are trapped.
Errors caused by other actions, or associated with other files are not trapped. Error trapping may only
be enabled for onefile at atime.

Now, if IEEEWT signals an error by returning a -1, we can check what happened. Wefirst PRINTF an
error message, then we turn critical error trapping off with cRIT oFF so that, if another critical error
occurs, we get the ABORT, RETRY OF IGNORE message and know a catastrophic double error has
occurred. Wethen rocTL_wT (_ BREAK ) to force Driver488/DRYV to listen to our next command.
The roCcTL WT also resetsthe EoL ouT terminator so we can be sure that Driver488/DRV detects the
end of our commands. We next reset the EoL  ouT terminator to our preferred line feed only and ask
Driver488/DRYV for its status. On receiving the response, we could interpret the status and take
whatever action is appropriate. However, in this example, we just display the status. Finaly, we re-
enable the critical error handler and continue with the program.

Sample Program

#include “ieeeio.h”
#include <stdio.h>

void main (void){

int ieee

char response[256];

float voltage;

int i;

float sum;

char hundred[1700];
ieee=open(“ieee”,0 RDWR | O BINARY);
rawmode (ieee) ;

ioctl wt(ieee,"break",5);
ieeewt (“reset\r\n”);
ieeewt (“eol out 1lf\r\n”):;
ieeewt (“eol in $0\n”);
ieeewt (“fill error\n”);

if (ieeeinit() == -1) {

printf (“Cannot initialize IEEE system.\n”);
exit (1) ;

}

ieeewt (“*hello\n”) ;

ieeerd(response) ;

printf (“%s\n”, response) ;

ieeewt (“status\n”);

ieeerd (response) ;

printf (“%s\n”, response) ;

ieeewt (“output 16;FOR0X\n”) ;

ieeewt (“enter 16\n”);

ieeescnf (“%*4s%e”, &voltage) ;

printf (“The read value is %g\n”,voltage);
sum=0.0;

for (i=0; i<10; i++) {

ieeewt (“enter 16\n”);

ieeescnf (“%*4s%e”, &voltage) ;
sum=sum+voltage;

}

printf (“The average of 10 readings is %g\n”,sum/10.0);
ieeeprtf (“ENTER 16 #1700 BUFFER %d:%d\n”,
segment (hundred) ,offset (hundred)) ;

for (i=0; i<1700; i++) putchar (hundred[il]);
ieeeprtf (“ENTER 16 #1700 BUFFER continue\n”,
segment (hundred) ,offset (hundred)) ;

ieeewt (“status\n”);

ieeerd(response) ;

printf (“%s\n”, response) ;

int cklpint();

ieee cki = cklpint;

ieee isr = isr;

ieeewt (“arm srqg\n”) ;
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ieeewt (“output 16;M2X”) ;

}

void isr()

{ int false ();

int stl195;

printf (“Interrupt detected...”);
ieee cki = _false ;

int sp:;

ieeewt (“spoll\n”) ;

ieeescnf (“%d”, &sp) ;

if (sp==0) {

printf (“Non-SRQ Interrupt!\n”);
exit (1) ;

}

ieeewt (“spoll 16\n”) ;
ieeescnf (“%d”, &st195) ;

if ((stl95 & 0x40) == 0 ) {
printf (“Non-195 SRQ!\n”) ;
exit();

}

if ((stl95 & 0x20) == 0) {

if (stl95 & 0x01)

printf (“Overflow\n”) ;

if (st1l95 & 0x02)

printf (“Buffer Full\n”);

if (st1l95 & 0x04)

printf (“Buffer 1/2 Full\n”);
if (st1l95 & 0x08)

printf (“Reading Done\n”) ;

if (stl95 & 0x10)

printf (“Busy\n”) ;

} else {

if (stl95 & 0x01)

printf (“Illegal Command Option\n”) ;
if (stl95 & 0x02)

printf (“"Illegal Command\n”) ;
if (stl95 & 0x04)

printf (“No Remote\n”);

if (stl95 & 0x08)

printf (“Trigger Overrun\n”) ;
if (stl95 & 0x10)

printf (“Failed Selftest\n”);

}

ieee cki = cklpint;

8F.

Microsoft Fortran

Note:

The following short program illustrates the use of Driver488/DRV with Microsoft Fortran.
Most of the program length is composed of utilities that simplify character 1/0 in Fortran.

Sample Program

Character Result*127
Integer StrLen

Call OpenIeee

Write(1l,*) 'RESET’
Write(1l,*) 'REMOTE 16’
Write(1l,*)’OUTPUT 16;Z1X’
Write(1l,*) ’ENTER 16’

Call FlushIeee

Read (2) Result

Write(*, *)Result(l:StrLen(Result,127))

END
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SUBROUTINE Openleee
Open(1l,File='\dev\ieeeout’,Status='0LD’,
1 Access='SEQUENTIAL’)
Open(2,File='\dev\ieeein’,Status="0OLD’,
1l Access=’'SEQUENTIAL’,Form='BINARY’)
END

SUBROUTINE FlushIeee

Rewind 1

Rewind 2

END

FUNCTION StrLen (String,MaxLen)
Character String*127

StrLen=MaxLen-1

DO 10 i=1,MaxLen-2

If (String(i:i) .eq. CHAR(13) .and.

1 String(i+l:i+1l) .eqg. CHAR(10)) then
StrLen=i-1

Goto 20

EndIf

10 Continue

20 Continue

END

8G. QuickBASIC

Topics

Use of the Character Command Language

Initialization of the System..........cccccccceeviiieieieennns
Configuration of the 195 DMM.........ccccooeiiviieennne.
Taking Readings........cccccceeiiiiiiiiiieiciee e
Buffer Transfers ......cccccocvvvviiiiiiiiiiiiiiiiiiiieeeeeeeeeeee
BASIC VARPTR & SADDR ......coovviiiiiiiiiiiiieieeeees
Interrupt Handling ...
Sample Program ........cccceuviiiiiiiieeeeeceecies e

Use of the Character Command Language

Several versions of Microsoft QuickBASIC are currently popular: 2.0, 3.0, 4.0, and 4.5. While they
vary considerably in their user interface and performance, they are virtually identical when it comesto
controlling Driver488/DRV. Two demonstration programs are included for QuickBASIC:

195DEMO. BAS and 195DEMO4 . BAS. 195DEMO.BAS is compatible with versions 2.0 and higher of
QuickBASIC, while 195DEM04 . BAS requires version 4.0 or version 4.5. These examples can be found

on the Driver488/DRV disk in the \ @B directory.

To execute the demo program, start QuickBASIC with the gB /L command. The /L parameter tells

QuickBASIC to load the default library containing the ABsoLUTE subroutine. This /L parameter is not
needed in version 4.0 using 195DEMO4 . BAS. Also, in earlier versions of QuickBASIC, such as 2.0, the
EVENT TRAPPING and CHECKING BETWEEN STATEMENTS compiler options must be turned on for the

program to compile and execute correctly.

Initialization of the System

Any program using Driver488/DRV must first establish communications with the Driver488/DRV
software driver. In BASIC and most other languages this is accomplished using an oPEN statement.
Communication both to and from Driver488/DRV isrequired. In BASIC, this means that two files
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must be opened, one for input, and one for output. Other languages may allow the same file to be
opened for both input and output. Three file names are allowed: \DEV\IEEEOUT, \DEV\IEEEIN, and
\DEV\IEEE. By convention, they are used for output, input, and both input and output, respectively.
But in actuality, they are all the same and any one of them can be used for input, output, or both,
depending on the programming language.

In BASIC, the files are opened with the following commands:

110 OPEN “\DEV\IEEEOUT” FOR OUTPUT AS #1
200 OPEN “\DEV\IEEEIN” FOR INPUT AS #2

Of course, file numbers may change as desired, but throughout this manual, file #1 is assumed to output
to Driver488/DRV, and file #2 is assumed to input from Driver488/DRV.

Once these files are opened, we can send commands and receive responses from Driver488/DRV .
While Driver488/DRV should normally be in areset, inactive state, it is possible that it was left in
some unknown state by a previous program failure or error. In order to force Driver488/DRV into its
quiescent state we can use the ToCTL statement:

160 IOCTL#1, "BREAK"

10CTL iSaBASIC statement that sends commands through a “back door” to Driver488/DRV .
Driver488/DRV recognizes this “back door” command regardless of what else it might be doing and
resetsitself so that it is ready to accept anormal command. We can then completely reset the
Driver488/DRV with the RESET command:

170 PRINT#1, "RESET"

which resets the operating parameters of the Driver488/DRV back to their normal values (those that
were set during system boot by the brRvr488 DOS command).

The TocTL BREAK and RESET commands guarantee that Driver488/DRYV is ready for action. Note
that the 1ocTL BREAK and RESET commands are placed before the opEN statement for file #2. This
guarantees that BASIC is able to open Driver488/DRV for input. For more details, see the FILL
command in “Section |11: Command References.”

With the initialization commands and some comments, the program now appears as.

100 ‘Establish communications with Driver488/DRV
110 OPEN “\DEV\IEEEOUT” FOR OUTPUT AS #1

120

150 ‘Reset Driver488/DRV

160 IOCTL#1l, "BREAK"

170 PRINT#1, "RESET"

180

190 ‘Open file to read responses from Driver488/DRV
200 OPEN “\DEV\IEEEIN” FOR INPUT AS #2

Once everything is reset, we can enable the SEQUENCE - NO DATA AVAILABLE error detection by
setting the FILL mode to ERROR:

225 PRINT#1,"FILL ERROR"

We can also test the communications and read the Driver488/DRV revision number with the HELLO
command:

310 PRINT#1, "HELLO"
320 INPUT#2,A$
330 PRINT AS$

First we pPRINT the HELLO command to file #1, then we INPUT the response from file #2 into the
character string variable a$ (“A-string”). Finally we display the response with a PRINT to the screen.
Because BASIC cannot both prINT and INPUT from the same file, we use two opPEN statements, and
two different file numbers to communicate with Driver488/DRV. PRINT must reference thefile
opened for output (in these examples, file #1) and InpuT must reference the file opened for input (file
#2). Attempting to communicate with the wrong file (such as INPUT#1) resultsin an error.
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It is not necessary to perform the HELLo command, but it isincluded here as a simple example of
normal communication with Driver488/DRV. Its response isthe revision identification of the
Driver488/DRV software; Driver488 Revision X.X ©199X IOtech, Inc.

We can aso interrogate Driver488/DRV for its status:

410 PRINT#1, "STATUS"
420 INPUT#2,STS$
430 PRINT STS$

Subsequently, the printed responseis similar to the following:
CS21 1 I000 000 TO CO PO OK

The following indicators describe each component of the Driver488/DRV status:

Indicator | Driver488/DRV Status

C Itisinthe Controller state.

S It isthe System Controller.

21 The value of its |EEE 488 bus address.
1 An Address Change has occurred.
I Itisidle (neither atalker nor alistener).
0 Thereisno ByteIn available.
0
0

It is not ready to send aByteoOut.
Service Reguest (srQ) is not asserted.

000 There is no outstanding error.

TO It has not received a bus device TRIGGER command (only applicable in the Peripheral
mode).

co It has not received a cL.EAR command (only applicable in the Peripheral mode).

PO NO CONTINUE transfer isin progress.

OK The error message is “OK”.

Configuration of the 195 DMM

Once the system isinitialized we are ready to start issuing bus commands. The |EEE 488 bus has
already been cleared by the Interface Clear (1Fc) sent by the RESET command, so we know all bus
devices are waiting for the controller to take some action. To control an | EEE 488 bus device, we
OUTPUT an appropriate device-dependent command to that device. For example, the command FOR0X
sets the 195 to read DC volts with automatic range selection:

610 PRINT#1, "OUTPUT 16;FOROX"

The ouTpuT command takes a bus device address (16 in this case) and data (ForR0x) and sends the data
to the specified device. The address can be just a primary address, such as 12, or 05, or it caninclude
asecondary address: 1201. Note that both the primary address and, if present, the secondary address
are two-digit decimal numbers. A leading zero must be used, if necessary, to make a two-digit address.

Taking Readings
Once we have set the 195's operating mode, we can take a reading and display it:
710 PRINT#1,"ENTER 16"

720 INPUT#2,R$
730 PRINT R$

The ENTER command takes a bus address (with an optional secondary address) and configures that bus
device so that it is able to send data (addressed to talk). No datais actually transferred, however, until
the INPUT statement requests the result from Driver4d88/DRV at which time datais transferred to the
program into the variable r$.

Once the result has been received, any BASIC functions or statements can be used to modify or
interpret it. Inthisexample, theresultisintheform NpDcv+1.23456E-2 showing the range (NpDcv)
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and the numeric value of thereading (+1.23456E-2). The BASIC mIp$ function can be used to strip
off the range characters and keep only the numeric part (the fifth character and beyond), and the vaL
function can be used to convert this string to a number:

740 N$=MID$ (R$,5)

741 N=VAL (N$)
742 PRINT “The read value is”;N

These may be combined for efficiency:
740 PRINT “The read value is”;VAL(MIDS$ (RS$,5))

All the power of BASIC may be used to manipulate, print, store, and analyze the data read from the
|EEE 488 bus. For example, the following statements print the average of ten readings from the 195:

810 SUM=0

820 FOR I=1 TO 10

830 PRINT#1,"ENTER 16"

840 INPUT#2,R$

850 SUM=SUM+VAL (MIDS (R$,5))

860 NEXT I

870 PRINT “The average of ten readings is”;SUM/10

Buffer Transfers

Instead of using an INPUT#2 Statement to receive the data from a device, we can direct
Driver488/DRV to place the response directly into a data buffer of our choice. For example, each
reading from the 195 consists of 17 bytes: a four-byte prefix and an eleven-byte reading followed by
the two-byte command terminator. So, we can collect 100 readings in a 1700-byte string.

To do this, we must first allocate the required space in a string variable:
910 R$=SPACE$ (1700)

And then we must tell Driver488/DRV where rR$ islocated in memory.

In QuickBASIC 4.0, the varskg function allows us to determine the segment address of a variable.
DS%=VARSEG (R$)

Now that we know the segment address of rR$, we can get its offset address by using SADDR:

RDESC=0
RDESC=SADDR

Notice that we first create RDESC by setting it to zero. This preventsr¢ from being moved as a result
of creating RDESC after calling SADDR.

Now we have the segment and offset of r$, we can passit directly to Driver488/DRV with the
ENTER #count BUFFER cOommand:

PRINT#1, "ENTER16 #1700 BUFFER"; DS%; “:”;RDESC

This command consists of the keyword ENTER, followed by the bus device address (16), a number sign
(#), the number of bytesto transfer (1700), and the keyword BUFFER, followed by the memory address
of the buffer. The buffer addressis specified as segment : of £set Where segment and offset are
each 16-bit numbers and the colon (:) isrequired to separate them. The segment value we need, isthe
BASIC data segment value that we have just acquired into bs% with GET . SEGMENT. Theoffset
valueisthe offset of the string in that data segment, which isrRDESC.

Once the data has been received, we can print it out:
980 PRINT RS

The program can continue with other work while the transfer occurs. For example, the program could
process the previous set of datawhile collecting a new set into a different buffer. To allow the program
to continue, specify CONTINUE in the command:

PRINT#1, "ENTER16 #1700 BUFFER"; DS%; “:”;RDESC; “CONTINUE”
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Once we have started the transfer, we can check the status:

980 PRINT#1, "STATUS"
990 INPUT#2,STS$
1000 PRINT STS$

The status that is returned is typically:
CS21 1 L100 000 TO CO Pl OK

Notice p1 which states atransfer isin progress, and . which shows we are still alistener. If the bus
deviceis so fast that the transfer completes before the program can check status, the response is po
showing that the transfer is no longer in progress. We can also wa1T for the transfer to complete and
check the status again:

1010 PRINT#1, "WAIT"
1020 PRINT#1, "STATUS"
1030 INPUT#2,ST$

1040 PRINT STS$

This time the status must be o asthe wazT command waits until the transfer has completed. Now that
we know the transfer is complete, we are ready to print out the received data as shown above.

BASIC VARPTR & SADDR

TheBasIc VARPTR and sapDR functions must be used with caution. The first time a variable such as
I or sT$ isencountered, or an array such asr% () isdimensioned, space is made for itin BASIC's data
space. The other variable or arrays may be moved to make room for the new item. If the memory
location of an item must be fixed, then BASIC cannot be allowed to encounter any new variables or
arrays. For example, in the ENTER statement shown above, Driver488/DRV istold the memory address
of r$ (for GW-BASIC, R% (0) ). Then, while the transfer is going on, the Driver488/DRV statusisread
into the string variable sTs$. If sT$ has not been used previously then BASIC would have to create a
new st$ and might move rR$. Of course, Driver488/DRV would have no way of knowing that r$ has
been moved, and the data would not be placed correctly into rs.

Interrupt Handling

The |IEEE 488 busis designed to be able to attend to asynchronous (unpredictable) events or
conditions. When such an event occurs, the bus device needing attention can assert the Service
Request (srQ) lineto signal that condition to the controller. Once the controller notices the srg, it can
interrogate the bus devices, using Parallel Poll (ppoLL) and/or Seria Poll (spoLL) to determine the
source and cause of the srQ, and take the appropriate action.

Parallel Poll isthe fastest method of determining which device requires service. Parallel Poll isavery
short, simple | EEE 488 bus transaction that quickly returns the status from many devices. Each of the
eight IEEE 488 bus data bits can contain the Parallel Poll response from one or more devices. So, if
there are eight or fewer devices on the bus, then just the single Parallel Poll can determine which
requires service. Even if the busis occupied by the full complement of 15 devices, then Parallel Poll
can narrow the possihilities down to a choice of no more than two.

Unfortunately, the utility of Parallel Poll islimited when working with actual devices. Some have no
Parallel Poll response capability. Others must be configured in hardware, usually with switches or
jumpers, to set their Parallel Poll response. If Parallel Poll isnot available, or several devices share the
same Parallel Poll response bit, then Serial Polling is still required to determine which deviceis
reguesting service.

Serial Poall, though it is not as fast as Parallel Poll, does offer two major advantages: it returns
additional status information beyond the simple request/no-request for service, and it isimplemented on
virtually al bus devices.

The srq line can be monitored in two ways: it can be periodically polled using the sTaTUS command,
or it can be used to cause an external interrupt when asserted.
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BASIC provides a method for detecting and servicing external interrupts: the on PEN statement. The
ON PEN statement tells BASIC that, when an external interrupt is detected, a specific subroutine,
known as the interrupt service routine (ISR), isto be executed. Normally, the interrupt detected by
ON PEN isthelight pen interrupt. However, Driver488/DRV redefines this “light pen interrupt” to
signal when an IEEE 488 bus related interrupt (such as srQ) has occurred.

When Driver488/DRV detects an interrupt, it informs the user’s program that an interrupt has occurred
by making it appear that a light pen interrupt has occurred. To alow BASIC and Driver488/DRV to
work together to detect and service the interrupt, the following steps are required:

1. BASIC must be told which subroutine to execute upon detection of the interrupt.
2. BASIC interrupt detection must be enabled.
3. Driver488/DRV must be configured to detect the interrupt.

The oN PEN GOSUB, PEN ON, and ARM SRQ commands, respectively, perform these steps:

250 ON PEN GOSUB ISR
260 PEN ON
270 PRINT#1, "ARM SRQ"

1. Theon PEN GosuB command tells BASIC that the subroutine called 1SR isto be executed when
the light pen interrupt is detected. Driver488/DRV causes the light pen interrupt to occur on
detection of an IEEE 488 interrupt.

2. Theren on command enablesthe actual checking for light pen interrupt status.

3. ThearM srg command tells Driver488/DRV that an interrupt isto be signaled on detection of a
service request from the IEEE 488 bus.

These commands are placed near the beginning of the program to catch Service Requests (SrRQ)
whenever they occur.

The 195 can be set to request service on any of several different internal conditions. In particular, the
M2 command causes an SRQ on the detection of any invalid command or command option by the 195:

550 PRINT#1, "OUTPUT 16;M2X"

ThisouTpuT command is placed early in the program so that all subsequent commands to the 195
cause an srg, if they areinvalid.

At this point BASIC is checking for an interrupt, and knowsto cosuB srQ when an interrupt is
detected. Driverd88/DRV is set to generate an interrupt on detection of an SRQ generated by the 195
on detection of an invalid command. We must still, however, specify what action should be taken once
an interrupt is detected.

Upon entering the interrupt service routine, we first check Driver488/DRV to seeif it isready for a
command and if so, read the Serial Poll Statusto determineif an srQ actually caused the interrupt:

2000 SRQ: ‘Interrupt service routine—Entered due to SRQ
2010

2020 ‘RETURN if Driver488/DRV is not ready for commands.
2030 IF IOCTLS$(2)"O0" THEN RETURN

2040

2050 ‘Check that it is indeed an SRQ

2060 PRINT#1, "SPOLL"

2070 INPUT#2,SP

2080 IF SP=0 THEN PRINT “Non-SRQ Interrupt!”: STOP

Next we Serial Poll the 195 to determine its status. If there were other devices on the bus that could be
generating the srg, each of them would be have to be checked in turn.

2110 PRINT#1,"SPOLL 16"
2120 INPUT#2,ST195
2130 IF (ST195 AND 64) = 0 THEN PRINT “Non-195 SRQ!”: STOP
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Bit bxo7, with avalue of 64, isreturned as true (1) in the Serial Poll response of those devices
requesting service. Inour simple example, we expect that the 195 is the only possible cause of an srQ,
and if not, there must be some error.

Now that we have identified the device that is requesting service, we can further examine the Serial
Poll statusto classify the request. If DIOG6 is set, then the 195 is signaling an error condition. If that bit

is clear, some

2160
‘Int
2210
2220
2230
2240
2250
2260
‘Int
2310
2320
2330
2340
2350
2360

non-error condition caused the srQ:

IF (ST195 AND 32)=0 THEN ‘Test ERROR Status Bit
erpret no-error status

IF ST195 AND 1 THEN PRINT
IF ST195 AND 2 THEN PRINT
IF ST195 AND 4 THEN PRINT “Buffer 1/2 Full”
IF ST195 AND 8 THEN PRINT “Reading Done”

IF ST195 AND 16 THEN PRINT "“Busy”

ELSE

erpret error status

IF ST195 AND 1 THEN PRINT
IF ST195 AND 2 THEN PRINT
IF ST195 AND 4 THEN PRINT
IF ST195 AND 8 THEN PRINT
IF ST195 AND 16 THEN PRINT
END IF

“Overflow”
“Buffer Full”

“Illegal Command”
“No Remote”

“Trigger Overrun”
“Failed Selftest”

“Illegal Command Option”

Finally, once we have diagnosed the error, we are ready to return to the main program:

2400

Sample Program

100
110
120
150
160
170
180
190
200
225
250
260
270
310
320
330
410
420
430
550
610
710
720
730
740
741
742
740
810
820
830
840
850
860
870
910
980

RETURN

‘Establish communications with Driver488/DRV
OPEN “\DEV\IEEEOUT” FOR OUTPUT AS #1
‘Reset Driver488/DRV

IOCTL#1, "BREAK"

PRINT#1, "RESET"

‘Open file to read responses from Driver488/DRV
OPEN “\DEV\IEEEIN” FOR INPUT AS #2
PRINT#1, "FILL ERROR"

ON PEN GOSUB ISR

PEN ON

PRINT#1, "ARM SRQ"

PRINT#1, "HELLO"

INPUT#2,AS$

PRINT AS

PRINT#1, "STATUS"

INPUT#2,STS

PRINT ST$

PRINT#1, "OUTPUT 16;M2X"

PRINT#1, "OUTPUT 16;FOROX"

PRINT#1, "ENTER 16"

INPUT#2,R$

PRINT RS

N$=MIDS$ (R$,5)

N=VAL (N$)

PRINT “The read value is”;N

PRINT “The read value is”;VAL(MIDS$ (RS$,5))
SUM=0

FOR I=1 TO 10

PRINT#1, "ENTER 16"

INPUT#2, RS

SUM=SUM+VAL (MID$ (R$,5))

NEXT I

PRINT “The average of ten readings is”;SUM/10
R$=SPACES$ (1700)

PRINT#1, "STATUS"
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990 INPUT#2,ST$

1000 PRINT STS

1010 PRINT#1, "WAIT"

1020 PRINT#1, "STATUS"

1030 INPUT#2,ST$

1040 PRINT STS

2000 SRQ: ‘Interrupt service routine—Entered due to SRQ
2010 ¢

2020 ‘RETURN if Driver488/DRV is not ready for commands.
2030 IF IOCTLS$(2)"O0" THEN RETURN

2040

2050 ‘Check that it is indeed an SRQ

2060 PRINT#1, "SPOLL"

2070 INPUT#2,SP

2080 IF SP=0 THEN PRINT “Non-SRQ Interrupt!”: STOP

2110 PRINT#1,"SPOLL 16"

2120 INPUT#2,ST195

2130 IF (ST195 AND 64) = 0 THEN PRINT “Non-195 SRQ!”: STOP
2160 IF (ST195 AND 32)=0 THEN ‘Test ERROR Status Bit
‘Interpret no-error status

2210 IF ST195 AND 1 THEN PRINT “Overflow”

2220 IF ST195 AND 2 THEN PRINT “Buffer Full”

2230 IF ST195 AND 4 THEN PRINT “Buffer 1/2 Full”

2240 IF ST195 AND 8 THEN PRINT “Reading Done”

2250 IF ST195 AND 16 THEN PRINT “Busy”

2260 ELSE

‘Interpret error status

2310 IF ST195 AND 1 THEN PRINT “Illegal Command Option”
2320 IF ST195 AND 2 THEN PRINT “Illegal Command”

2330 IF ST195 AND 4 THEN PRINT “No Remote”

2340 IF ST195 AND 8 THEN PRINT “Trigger Overrun”

2350 IF ST195 AND 16 THEN PRINT “Failed Selftest”

2360 END IF

2400 RETURN
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Use of the Character Command Language

In order to simplify programming Driver488/DRV with C, the following files are provided on the
Driver488/DRV program disk:

-72

Personal488 User’s Manual, Rev. 3.0

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




I1. SOFTWARE GUIDES - 8. Driver488/DRV 8H. Turbo C

e IEEETIO.C: Communications routinesfor Driver488/DRV
e IEEETO.H: Header file, contains declarations from IEEETIO.C

e CRITERR.ASM: Critica error handler assembly language source file (included with Microsoft C
and Turbo C, only)

e CRITERR.OBJ: Object file produced from cRITERR.AsSM (included with Microsoft C and Turbo
C, only)

e CRITERR.H: Header file, contains declarationsfor using CRITERR.ASM

The actual demonstration program is contained in 195DEMO . ¢ (described by the project file
195DEMO. PRJ in Turbo C, only).

All filesfor Microsoft C are in the \mMsc directory; al filesfor Turbo C are in the \TurBOC directory.
To execute the demonstration program, enter Turbo C and perform the following steps:

1. Type<alt-p> (for Project) p (for Project Name) 195demo.

2. Press<Enter> to Set up the project to run.

3. Thentype<alt-r> to compile and run the demonstration program.

The above process assumes that you have Turbo C, and that the files have been copied into the
appropriate directory for use with your C compiler. Note that the program uses a small data model
because it uses less than 64K of code and data.

Initialization of the System

Any program using Driver488/DRV must first establish communications with the Driver488/DRV
software driver. In C, thisis accomplished using the oPEN statement. Communication both to and
from Driver488/DRYV isrequired. Thus, the file must be opened for both reading and writing (RDWR).
Also, in Microsoft C and Turbo C, the file must be opened in BINARY mode so that end-of-line
characters are not translated.

In Microsoft C and Turbo C, the file is opened with the following statement:
ieee=open(“ieee”,0 RDWR | O BINARY);
In Aztec C, thefile is opened with the following statement:

ieee=open(“ieee”,0 rdwr) ;

which is part of the IEEEINIT function contained in IEEEIO.C. IEEEIO.C suppliesseveral other
useful routines and definitions. These are described in more detail in “Interrupt Handling,” an
upcoming topic in this Sub-Chapter.

In the above statement, the value returned by opEN and placed into the integer variable 1EEE, is either
the handle of the opened file or -1 if some error has occurred. The 1EEEINIT routine checksfor this
error indication and returns a - 1 if there has been such an error.

Of course, the file descriptor variable name TEEE may be changed as desired, but throughout this
manual and the program files, IEEE has been used. Once the file is opened, we can send commands
and receive responses from Driver488/DRV.

Normally, when DOS communicates with afile, it checks for special characters, such as control-Z
which can indicate end-of-file. When communicating with IEEE 488 devices, DOS's checking would
interfere with the communication. The RawMoDE function prevents DOS from checkings for special
characters:

rawmode (ieee) ;

As an additional benefit, communication with Driver488/DRYV is much more efficient when DOS does
not check for specia characters.
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Driver488/DRV can accept commands only when it isin a quiescent, ready state. While
Driver488/DRV should normally be ready, it is possible that it was left in some unknown state by a
previous program failure or error. In order to force Driver488/DRV into its quiescent state, we use the
I0CcTL_WT function:

ioctl wt(ieee,"break",5);

This zocTL Wt function is equivalent to the BASIC statement TocTL#1, “BREAK” which sendsthe
BREAK command through a “back door” to Driver488/DRV. Driver488/DRV recognizes this “back
door” command regardless of what else it might be doing and resetsitself so that it isready to accept a
normal command. We can then completely reset the Driver488/DRV with the RESET command:

ieeewt (“reset\r\n”);

which resets the operating parameters of the Driver488/DRV back to their normal values (those that
were set during system boot by the brvr488 DOS command). Notice that the EoL ouT terminators
that mark the end of a Driver488/DRV command are reset to carriage return and line feed by the
1ocTL_WT command. Thus, the RESET command must be terminated by both a carriage return (\r)
and alinefeed (\n). Asitismore convenient if Driverd88/DRV accepts line feed only asthe
command terminator, we use the EoL. ouT command to set the command terminator to line feed (\n):

ieeewt (“eol out 1lf\r\n”);

Notice that this command must also be terminated by both a carriage return and aline feed because the
command terminator is not changed until after the EoL. ouT command is executed.

Character stringsin C are normally terminated by anull (anascrz 0). Thus, it isappropriate for
Driver488/DRV to terminate its responses to the program with anull so that the response can be treated
asanormal character string. We can use the Eor. 1§ command to configure Driver4d88/DRV so that it
does provide an ASCII null terminator:

ieeewt (“eol in $0\n”);
Finally, we enable SEQUENCE - NO DATA AVAILABLE error detection by setting the FILL modeto
ERROR:

ieeewt (“fill error\n”);

All the commands discussed so far: OPEN, RAWMODE, IOCTL_WT, RESET, EOL OUT, EOL IN and FILL
ERROR are part of the T1EEEINIT functionincluded in IEEEIO.C. IEEEINIT returnsazero if these
steps were executed successfully, and a -1 if some error was encountered. Thus, to accomplish all the
above steps, we just use the following:

#include “ieeeio.h”
#include .h

if (ieeeinit() == -1) {

printf (“Cannot initialize IEEE system.\n”);
exit(1);

}

The two INCLUDE statements provide the program with definitions of the standard I/O and IEEE 1/0O
functions so they can be referenced by the demo program. TEEEINIT iscalled to initialize the system,
and if it indicates an error (returnsa -1), we print an error message and exit. If there was no error, we
just continue with the program.

Once everything is reset, we can test the communications and read the Driver488/DRV revision number
with the HELLO command:

char response[256];
ieeewt (“*hello\n”) ;
ieeerd(response) ;

printf (“%s\n”,response) ;

Wefirst 1EEEWT the HELLO command, then IEEERD the response from Driver488/DRV into the
character string response (IEEEWT and IEEERD are both supplied in TEEETO.C). Finaly, we display
the response with a PRINTF.
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It is not necessary to perform the HELLO command, but it isincluded here as a simple example of
normal communication with Driver488/DRV. Its response is the revision identification of the
Driver488/DRV software; Driver488 Revision X.X ©199X IOtech, Inc.

We can aso interrogate Driver488/DRV for its status:

ieeewt (“status\n”) ;
ieeerd (response) ;
printf (“%s\n”, response) ;

Subsequently, the printed responseis similar to the following:
CS21 1 I000 000 TO CO PO OK

The following indicators describe each component of the Driver488/DRV status:

Indicator | Driver488/DRV Status

C Itisinthe Controller state.

S It isthe System Controller.

21 The value of its |EEE 488 bus address.
1 An Address Change has occurred.
I Itisidle (neither atalker nor alistener).
0 Thereisno ByteIn available.
0
0

It is not ready to send aByteoOut.
Service Reguest (srQ) is not asserted.

000 There is no outstanding error.

TO It has not received a bus device TRIGGER command (only applicable in the Peripheral
mode).

co It has not received a cL.EAR command (only applicable in the Peripheral mode).

PO NO CONTINUE transfer isin progress.

OK The error message is “OK”.

Configuration of the 195 DMM

Once the system isinitialized we are ready to start issuing bus commands. The |EEE 488 bus has
already been cleared by the Interface Clear (1Fc) sent by the RESET command, so we know that all bus
devices are waiting for the controller to take some action. To control an | EEE 488 bus device, we
output an appropriate device-dependent command to that device. For example, the Forox command
line below sets the 195 to read DC volts with automatic range selection:

ieeewt (“output 16;FOR0X\n”) ;

The ouTpPuT command takes a bus device address (16 in this case) and data (ForR0x) and sends the data
to the specified device. The address can be just a primary address, such as 12, or 05, or it caninclude
asecondary address: 1201. Note that both the primary address and, if present, the secondary address
are two-digit decimal numbers. A leading zero must be used, if necessary to make a two-digit address.

Taking Readings
Once we have set the 195’ s operating mode, we can take a reading and display it:

float voltage;

ieeewt (“enter 16\n”);

ieeescnf (“%*4s%e”, &voltage) ;

printf (“The read value is %g\n”,voltage);

The ENTER command takes a bus address (with an optional secondary address) and configures that bus
device so that it is able to send data (addressed to talk). No datais actually transferred, however, until
the IEEESCNF statement requests the result from Driver488/DRV at which time dataistransferred to
the program into the variable voltage. A typical reading from a 195 might be NDCV+1.23456E-2,
consisting of afour character prefix followed by afloating point value. The format passed to
IEEESCNF causesit to skip the four character prefix ($*4s) and then convert the remaining string into
the float variable voltage.
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All the power of C may be used to manipulate, print, store, and analyze the data read from the
|EEE 488 bus. For example, the following statements print the average of ten readings from the 195:

int i;

float sum;

sum=0.0;

for (i=0; i; i++) {
ieeewt (“enter 16\n”);
ieeescnf (“%*4s%e”, &voltage) ;
sum=sum+voltage;

}

printf (“The average of 10 readings is %g\n”,sum/10.0);

Buffer Transfers

Instead of using an TEEERD (_) function to receive the data from a device, we can direct
Driver488/DRV to place the response directly into a data buffer of our choosing. For example, each
reading from the 195 consists of 17 bytes: a four-byte prefix and an eleven-byte reading followed by
the two-byte command terminator. So, we can collect 100 readings in a 1700-byte array. To do this,
we must first allocate the required space in an array:

char hundred[1700];

Now that we have allocated a place for the readings, we can direct Driver488/DRV to put readings
directly into hundred with the ENTER #count BUFFER command:

ieeeprtf (“ENTER 16 #1700 BUFFER %d:%d\n”,
segment (hundred) ,offset (hundred)) ;

This command consists of the keyword ENTER, followed by the bus device address (16), a number sign
(#), the number of bytesto transfer (1700), and the keyword BUFFER, followed by the memory address
of the buffer. The buffer addressis specified as segment : of £set Where segment and of fset are
each 16-bit numbers and the colon (:) isrequired to separate them. The segment and offset values
we need are returned by the segment and of £set functions, respectively.

Once the data has been received, we can print it out:

for (i=0; i<1700; i++) putchar (hundred[il]):;
The program could process the previous set of data while collecting a new set into a different buffer.
To alow the program to continue, specify continue in the command:

ieeeprtf (“ENTER 16 #1700 BUFFER continue\n”,
segment (hundred) ,offset (hundred)) ;

Once we have started the transfer, we can check the status:

ieeewt (“status\n”);
ieeerd (response) ;
printf (“%s\n”, response) ;

The status that is returned is typically:
€s21 1 L100 000 TO CO Pl OK

Notice r1 which states atransfer isin progress, and . which shows we are still alistener. If the bus
deviceis so fast that the transfer completes before the program can check status, the response is po
showing that the transfer is no longer in progress. We can also waxT for the transfer to complete and
check the status again:

ieeewt (“wait\n”) ;

ieeewt (“status\n”);

ieeerd (response) ;
printf (“%s\n”, response) ;

This time the status must be o asthe wazT command waits until the transfer has completed. Now that
we know the transfer is complete, we are ready to print out the received data as shown above.
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Interrupt Handling

The |IEEE 488 busis designed to be able to attend to asynchronous (unpredictable) events or
conditions. When such an event occurs, the bus device needing attention can assert the Service
Request (srQ) line to signal that condition to the controller. Once the controller notices the SRQ, it can
interrogate the bus devices, using Parallel Poll (ppoL1) and/or Seria Poll (spoLL) to determine the
source and cause of the srQ, and take the appropriate action.

Parallel Poll isthe fastest method of determining which device requires service. Parallel Poll isavery
short, simple | EEE 488 bus transaction that quickly returns the status from many devices. Each of the
eight IEEE 488 bus data bits can contain the Parallel Poll response from one or more devices. So, if
there are eight or fewer devices on the bus, then just the single Parallel Poll can determine which
requires service. Even if the busis occupied by the full complement of 15 devices, then Parallel Poll
can narrow the possihilities down to a choice of no more than two.

Unfortunately, the utility of Parallel Poll islimited when working with actual devices. Some have no
Parallel Poll response capability. Others must be configured in hardware, usually with switches or
jumpers, to set their Parallel Poll response. If Parallel Poll isnot available, or several devices share the
same Paralléel Poll response hit, then Serial Polling is till required to determine which deviceis
requesting service.

Serial Poall, though it is not as fast as Parallel Poll, does offer three major advantages: it gives an
unambiguous response from a single bus device; it returns additional status information beyond the
simple request/no-request for service; and, most importantly, it isimplemented on virtually all bus
devices.

The srq line can be monitored in two ways: it can be periodically polled by using the sTaTus
command, or by checking the “light pen status.”

BASIC provides a method for detecting and servicing external interrupts: the on PEN statement. The
ON PEN statement tells BASIC that, when an external interrupt is detected, a specific subroutine,
known as the interrupt service routine (ISR), isto be executed. Normally, the interrupt detected by
ON PEN isthelight pen interrupt. However, Driver488/DRV redefines this “light pen interrupt” to
signal when an IEEE 488 bus related interrupt (such as srQ) has occurred.

Unlike BASIC, C does not provide an automatic method of checking for light pen interrupts.
Therefore, afunction is needed to check for the interrupt. The function could use the sTaTus
command, but it is much faster to check the interrupt status directly using aBIOS interrupt. The
ckLPINT (check light pen interrupt) function provided in IEEEIO. ¢ uses the BIOS to check for
Driver488/DRV interrupts and returnstrue (1) if oneis pending. Interrupts are checked automatically
by the 1EEEWT routine before sending any datato Driverd88/DRV. However, IEEEWT does not call
cKLPINT directly. Instead, it callsthe routine that is pointed to by IEEE cKI (IEEE check interrupt).
If IEEE CKI pointsto ckLPINT, then 1EEEWT checks for Driver488/DRV interrupts, but if

IEEE CKI pointsto false , afunction that alwaysreturns o, then interrupt checking is disabled.
Initially, IEEE_cKI doespointto false , and so interrupt checkingisdisabled. To enableinterrupt
checking IEEE_CKI must be redirected to CKLPINT:

int cklpint();
ieee cki = cklpint;

Once an interrupt has been detected, an interrupt service routine must be invoked to handle the
interrupting condition. When 1EEEWT detects an interrupt, it calls the interrupt service routine (1SR).
Just as tEEEWT does not call the check-for-interrupt routine directly, it does not call the ISR directly,
either. Instead, it callsthe routine pointed to by TEEE 1SR (IEEE interrupt service routine). If

IEEE ISR iSsetto point to some specific ISR, then that ISR is executed when IEEEWT detects an
interrupt. Initiadly, IEEE_ ISR pointstono_op, afunction that does nothing. So, unless IEEE_ISRiS
redirected to another routine, nothing is done when an interrupt is detected. In the 195DEMO example
program an interrupt service routine, called isr, has been provided. So, IEEE_ 1SR must be set to
point this routine for interrupts to be handled properly:

ieee isr = isr;

Personal488 User’s Manual, Rev. 3.0 11-77

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



8H. Turbo C

I1. SOFTWARE GUIDES - 8. Driver488/DRV

Once we have enabled interrupt checking by setting IEEE_CKI to point to cKLPINT, and specified the
interrupt service routine by setting IEEE_ISR to point to isr, then we can specify which conditions are
to cause an interrupt. The arM command specifies those conditions. In this example we want the
interrupt to occur on the detection of a Service Request (SRQ):

ieeewt (“arm srq\n”) ;

The 195 can be set to request service on any of severa different internal conditions. In particular, the
M2 command causes an srQ on the detection of any invalid command or command option by the 195:

ieeewt (“output 16;M2X”) ;

ThisouTpuT command is placed early in the program so that all subsequent commands to the 195
cause an srQ, if they areinvalid.

Now that interrupt detection is enabled, and the interrupt service routine is specified, we must specify
the actions to take to service the interrupt. Wefirst display a message indicating that an interrupt was
detected, and then turn off interrupt checking:

void isr()

{ int false() ;

printf (“Interrupt detected...”);
ieee cki = _false ;

We next check the Driver488/DRV Seria Poll Status to determine if an srQ actually caused the
interrupt:

int sp;

ieeewt (“spoll\n”) ;

ieeescnf (“%d”, &sp) ;

if (sp==0) {

printf (“Non-SRQ Interrupt!\n”);
exit (1) ;

}

We then Seria Poll the 195 to determine its status. |If there were other devices on the bus that could be
generating the srg, each of them would be have to be checked in turn.
int stl195;

ieeewt (“spoll 16\n”);
ieeescnf (“%d”,&stl195) ;

if ((stl95 & 0x40) == 0 ) {
printf (“Non-195 SRQ!\n”);
exit();

}

Bit px07, with avalue of 0x40, isreturned astrue (1) in the Serial Poll response of those devices
requesting service. In our simple example we expect that the 195 is the only possible cause of an srg,
and if not, there must be some error.

Now that we have identified the device that is requesting service, we can further examine the Serial
Poll status to classify the request:

if ((stl95 & 0x20) == 0) {
if (stl1l95 & 0x01)

printf (“Overflow\n”) ;

if (stl95 & 0x02)

printf (“Buffer Full\n”);

if (stl95 & 0x04)

printf (“Buffer 1/2 Full\n”);
if (stl95 & 0x08)

printf (“Reading Done\n”) ;

if (stl95 & 0x10)

printf (“Busy\n”) ;

} else {

if (stl95 & 0x01)
printf(“Illegal Command Option\n”);
if (stl95 & 0x02)
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printf(“Illegal Command\n”) ;
if (stl95 & 0x04)

printf (“No Remote\n”) ;

if (stl95 & 0x08)

printf (“Trigger Overrun\n”) ;
if (stl95 & 0x10)

printf (“Failed Selftest\n”);

}

The action taken depends, of course, on the design of the system, but in this example, simply displaying
amessage is adeguate.

Finally, after decoding the cause of the SrQ, we are ready to re-enable interrupts and return to the main
program:

ieee cki = cklpint;

IEEEIO.C

The 1EEETO. ¢ file contains several useful declarations and functions, many of which have been used
in the 195DEMO example program. They are:

e IEEE isaninteger that holds the file descriptor (MS-DOS handl€) returned by opEN.

int ieee
e segment and offset return the 16-bit segment and of£set values that make up a pointer.

int segment (ptr)
void *ptr

int offset (ptr)
void *ptr

The implementation of these functions depends on the memory model being used. In the small
data model, pointers are 16 bits and are exactly the of£set desired. Here, the segment isaways
theinternal ds register value. In the large data model, pointers are 32 bits, one word of which is
the segment and the other isthe of £set. For more information on memory models, see the
“Other Languages’ Sub-Chapter in this Chapter.

e ERRNO holdsthe error code for 1/O and other errors.

extern int errno;

e TIOCTL_RD and IOCTL WT are special versionsof rocTL 1o which reads and writes to the 1/0
control channel of adevice.

int ioctl io(int handle

chars, chars|],

int size,

int iocall)

#define ioctl rd(handle,chars,size) \
ioctl io(handle,chars,size,0x4402)
#define ioctl wt(handle,chars,size) \
ioctl io(handle,chars,size,0x4403)

The 1/O control channel of adeviceisread from and written to exactly as the normal (data)
channel isread and written, but the data transferred is not to be treated in the same way. Normally,
the 1/0O control channel is used to communicate setup and status information regarding the device
without actually transferring any datato or fromit. When using Driver488/DRV, IOCTL WT isS
used to force Driver488/DRYV to be ready to accept acommand, and IocTL RD is used to return
status information from the driver. These functions correspond exactly to the zocTL and TocTLS
commands, as described in “ Section 111: Command References.” The Turbo C library function
T0cTL could be used to perform these functions for small-data programs, but it is not compatible
with the large-data models.

e CKLPINT, IEEE CKI, and IEEE_ISR are functionsand pointerswhich provide for automatic
interrupt detection and servicing.
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int cklpint (void)

int false (void)

int (*ieee_cki) (void) = _false_

void no_op(void)

void (*ieee_ isr) (void) = no_op
Driver488/DRV signals interrupts, which are enabled with the aARM command, by causing the light
pen signal to appear “true.” The ckLPINT checksthat Driverd88/DRYV is ableto service an
interrupt (the response from rocTL_RD is0) and then checks if an interrupt is pending by
checking the light pen status. The T1EEEWT routine (described below) calls the function pointed to
by IEEE cKI todetermineif an IEEE interrupt needsto be serviced. The IEEE cKRI normally
pointsto the function false which awaysreturnszero (0). To enable interrupt checking
IEEE CKI must be redirected to point to cKLPINT. Interrupt checking isdisabled by pointing
IEEE CKI backto false . Onceaninterrupt has been detected, 1EEEWT calls the interrupt
service routine pointed to by IEEE ISR to servicetheinterrupt. The IEEE ISR initially pointsto
no_op, afunction that does nothing, but it may be redirected as needed to specify the appropriate
interrupt service routine for each part of a program.

_IEEEWT and IEEERD arevery similar to the unbuffered wrRITE and _READ routines provided
inthe C library.

int ieeewt(int handle,char charsl[])

int ieeerd(int handle,char charsl[],int size)

#define ieeewt(chars) _ieeewt(ieee,chars)

#define ieeerd(chars) _ieeerd(ieee,chars,sizeof (chars))

The 1eEEWT differsfrom _wrRITE inthat it checksfor Driver488/DRV interrupts before writing,
determines the number of charactersto write by using STRLEN, and prints an error message if an
error has occurred during writing. The IEEERD differsfrom _REaD only in that it prints an error
message if an error has occurred during reading. TEEEWT and IEEERD (without the leading
underscore) write and read to thefile IEEE. Notice that IEEERD UseS SIZEOF to determine the
number of charactersto read. Thisonly worksif s1zeoF can determine the number of bytesin the
receive buffer, chars. Thismeans chars must be an array of known size, for example,

char chars[256], NOt char*chars.

IEEEPRTF and IEEESCNF are | EEE 488 versions of PRINTF and SCANF, respectively.

int ieeeprtf (char *format, ...)
int ieeescnf (char *format, ...)

The 1EEEPRTF accepts aformat string and alist of arguments. It formats its arguments according
to the specified format and sends the formatted string to Driver488/DRV. The IEEESCNF accepts
aformat string and pointers (to the types specified in the format string). It reads a string of up to
256 bytes from Driver488/DRV, terminates it with a zero, convertsit according to the format
string, and places the converted valuesinto the variables pointed to by the specified pointers.

RAWMODE Sets the file specified by handle for “raw mode” 1/0.
int rawmode (int handle);

In“raw mode” MS-DOS does not interpret the characters received from the file. In particular,
control-Z isnot taken as end-of-file. “Raw mode” is usually appropriate for |EEE 488
communications because it does not interfere with the transfer of binary data and because it is
much more efficient than “non-raw mode” 1/0.

IEEEINIT establishes communications with Driver488/DRV and configuresit for use with C.
int ieeeinit (void);

It first opens the file 1EEE for both reading and writing and puts the file descriptor into TEEE. It
then puts the file into “raw mode’. Driver488/DRYV isthen initialized by sending the TocTL
“BREAK” and RESET commands. Normal output from C is terminated by a new-line (line feed)
character, and returned strings should be terminated by anull, so Eor. ouT LF and EOL IN $0
commands are then issued. Finally aFILL ERROR command isissued to enable SEQUENCE - NO
DATA AVAILABLE error detection. If an error is detected during any of these commands,
IEEEINIT refurnsa -1, otherwise it returns azero (0).
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CRITERR.ASM (Microsoft C & Turbo C)

Normally, when Driver488/DRV detects an error, perhaps due to a syntax error in acommand, or due
to an |EEE 488 bus error (such as time out on data transfer), it responds with an I/O error to DOS.
When this happens, DOS normally issues an ABORT, RETRY Of IGNORE message and waits for a
response from the keyboard. There is no way for the user’s program to detect such an error, determine
the cause, and take appropriate action. However, DOS does provide a method of redefining the action
to be taken on such a“critical error”. cRITERR.ASM containsacritical error handler that, when
invoked, makes it appear to the calling program that some less-critical error has occurred. The critical
error handler isinstalled by cRIT on () and removed by cRIT oFF () .The critical error handler is
also automatically removed by DOS when the program exits.

The following program fragment demonstrates the use of the critical error handler:

#include “criterr.h”

crit on(ieee);

if (ieeewt (“output 16;F0X”) == -1) {
printf (“Error writing FO0X to device 16, \n”);
crit off();

ioctl wt(ieee, "break",5);

ieeewt (“eol out 1lf\r\n”):;

ieeewt (“status\n”) ;
ieeerd(response) ;

printf (“status = %s\n”,response);
crit on(ieee);

}

We must first #include the header file with the definitions of the critical error routines. We then
enable critical error trapping with cRIT oN which takes as a parameter the handle of the file for which
critical error trapping isto be enabled. Only read and write commands to that handle are trapped.
Errors caused by other actions, or associated with other files are not trapped. Error trapping may only
be enabled for onefile at atime.

Now, if IEEEWT signals an error by returning a -1, we can check what happened. Wefirst PRINTF an
error message, then we turn critical error trapping off with cRIT oFF so that, if another critical error
occurs, we get the ABORT, RETRY Of IGNORE message and know a catastrophic double error has
occurred. Wethen zocTr, WwT (_ BREAK ) to force Driver488/DRYV to listen to our next command.
The rocTL Wt aso resetsthe EoL oUT terminator so we can be sure that Driver488/DRV detects the
end of our commands. We next reset the EoL ouT terminator to our preferred line feed only and ask
Driverd88/DRYV for its status. On receiving the response, we could interpret the status and take
whatever action is appropriate. However, in this example, we just display the status. Finaly, we re-
enable the critical error handler and continue with the program.

Sample Program

#include “ieeeio.h”
#include .h

void main (void) {

char response[256];

float voltage;

int i;

float sum;

char hundred[1700];
ieee=open(“ieee”,0 RDWR | O BINARY);
ieee=open(“ieee”,0 rdwr) ;
rawmode (ieee) ;

ioctl wt(ieee, "break",5);
ieeewt (“reset\r\n”);
ieeewt (“eol out 1lf\r\n”);
ieeewt (“eol in $0\n”);
ieeewt (“£fill error\n”);

if (ieeeinit() == -1) {
printf (“Cannot initialize IEEE system.\n”);
exit (1) ;
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}

ieeewt (“hello\n”);

ieeerd (response) ;

printf (“%s\n”, response) ;

ieeewt (“status\n”) ;

ieeerd (response) ;

printf (“%s\n”, response) ;

ieeewt (“output 16;FOR0X\n”) ;

ieeewt (“enter 16\n”);

ieeescnf (“%*4s%e”, &voltage) ;

printf (“The read value is %g\n”,voltage);
sum=0.0;

for (i=0; i; i++) {

ieeewt (“enter 16\n”);

ieeescnf (“%*4s%e”, &voltage) ;
sum=sum+voltage;

}

printf (“The average of 10 readings is %g\n”,sum/10.0);
ieeeprtf (“ENTER 16 #1700 BUFFER %d:%d\n”,
segment (hundred) ,offset (hundred)) ;

for (i=0; i<1700; i++) putchar (hundred[il);
ieeeprtf (“ENTER 16 #1700 BUFFER continue\n”,
segment (hundred) ,offset (hundred)) ;

ieeewt (“status\n”);

ieeerd (response) ;

printf (“%s\n”, response) ;

ieeewt (“wait\n”) ;

ieeewt (“status\n”);

ieeerd (response) ;

printf (“%s\n”, response) ;

ieee cki = cklpint;

ieee isr = isr;

ieeewt (“arm srq\n”) ;

ieeewt (“output 16;M2X");

void isr()

{ int false() ;

int sp;

int stl1l95;

printf (“Interrupt detected...”);
ieee cki = false ;

ieeewt (“spoll\n”);

ieeescnf (“%d”, &sp) ;

if (sp==0) {

printf (“Non-SRQ Interrupt!\n”);
exit(1l);

}

ieeewt (“spoll 16\n”);
ieeescnf (“%d”, &stl95) ;

if ((stl95 & 0x40) == 0 ) {
printf (“Non-195 SRQ!\n”);
exit();

if ((stl95 & 0x20) == 0) {

if (stl95 & 0x01)

printf (“Overflow\n”) ;

if (stl95 & 0x02)

printf (“Buffer Full\n”);

if (stl95 & 0x04)

printf (“Buffer 1/2 Full\n”);
if (stl95 & 0x08)

printf (“Reading Done\n”) ;

if (stl95 & 0x10)

printf (“Busy\n”) ;

} else {

if (stl1l95 & 0x01)
printf(“Illegal Command Option\n”);
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if (stl95 & 0x02)

printf (“Illegal Command\n”) ;
if (stl95 & 0x04)

printf (“No Remote\n”);

if (stl95 & 0x08)

printf (“Trigger Overrun\n”) ;
if (stl95 & 0x10)

printf (“Failed Selftest\n”);

}

8l. Turbo Pascal
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Use of Character Command Language

In order to simplify programming Driver488/DRV with Turbo Pascal 4.0 and Turbo Pascal 6.0, the
following files are provided on the Driver488/DRV program disk in the \TurBOP4 0 directory:

e IEEEIO.PAS: Communications routinesunit for Driver488/DRV.
e IEEEIO.TPU: Compiled unitfor using Driver488/DRV.
The actual demonstration program is contained in 195DEMO . PAS.

The IEEEIO0.PAS unit contains initialization code that prepares for communication with
Driver488/DRV. It opensthe Ieeeout and Ieeeln files, setstheminto “raw mode’, resets
Driver488/DRV with rocTL followed by writeln (IeeeOut, 'RESET’ ), and enablesNO DATA
AVAILABLE eror detection by Writeln (IeeeOut,  FILLERROR').

These and several other declarations and subroutines contained in the TEEETO unit, are further
discussed below:

VAR

Regs: REGISTERS;

IeeeOut, Ieeeln: TEXT;

PROCEDURE IOCTL;

PROCEDURE IOCTLRead (var Command:STRING) ;
PROCEDURE RawMode (var AFile:TEXT) ;
PROCEDURE IeeeComplete;

® Regs, defined asaREGISTERS typein the DOS unit, isarecord that is used to pass the
microprocessor registers to and from the MS-DOS and IntrPascal procedures. Each of the
accessibleregistersis referred to as a component of Regs. For example Regs .AX:=$1234 isthe
Same aSRegs.AH:=$12;Regs.AL:=$34

e TIeeeOut and IeeeIn aretwo TEXT file variablesthat are used for writing to, and reading from,
Driverd88/DRV, respectively. They are opened by the 1EEETO unit initialization code, and closed
by IeeeComplete.
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e 1OCTL isequivalent to the tocTL#1 BASIC statement that is described in “Section I11: Command
References.” Its effect isto cause Driver488/DRV to listen to the program regardless of what state
it was previoudy in. Thisisused by TeeeInit to reset Driver4d88/DRV.

e IOCTLRead iSequivalent to the zocTLs BASIC function that is described in * Section I11:
Command References.” It returns a single character, either o or 1, stating whether (1) or not (0)
Driver488/DRV has a response to be read by the program. Whileit is not used in this sample
program, it isincluded for completeness.

o All strings are of type sTRING wWhich is a 255 character string. Unless more memory is needed,
there is no reason to define strings with fewer than their maximum of 255 characters.

e RawMode isaprocedure that tells DOS not to check for control characters when communicating
with the specified TExT file. Thisgreatly improves the efficiency of communicating with
Driver488/DRV.

e TIeeeComplete should be called at the end of programs that use Driver488/DRV to close the
IeeeOut and Ieeeln files.

Initialization of the System

Any program using Driver488/DRV must first establish communications with the Driver488/DRV
software driver. In Turbo Pascal (“Turbo”) thisis accomplished using ASSIGN, REWRITE and RESET
statements. Communication both to and from Driver488/DRV, isrequired. In Turbo, this means that
two files must be opened, one for input, and one for output. Other languages may allow the samefile to
be opened for both input and output. Three file names are allowed: TEEEOUT, IEEEIN, and IEEE. By
convention, they are used for output, input, and both input and output, respectively. But actuality, they
are al the same and any one of them can be used for input, output, or both, depending on the
programming language. Note that, unlike BASIC (refer to the “QuickBASIC” Sub-Chapter in Chapter
8), the \pEV\ prefix isnot used in Turbo Pascal.

In Turbo, the files are opened with the following statements:

VAR IeeeOut, IeeeIn: TEXT;
Assign(IeeeOut, 'IeeeOut’); Rewrite (IeeeOut);
Assign(IeeeIn, 'IeeelIn’); Reset(Ieeeln);

which are contained in the TEEETO unit initialization procedure.

Of courseg, the TEXT file variable names (Teeeout and IeeeIn) may be changed as desired, but
throughout this manual, Teeeout and IeeeIn are used.

Once the files are opened, we can tell DOS that they are used for binary communications and that DOS
should not check for control characters. To do this, we use RawMode:

RawMode (IeeeOut) ;
RawMode (Ieeeln) ;

Now that the files are ready, we can send commands and receive responses from Driver488/DRV .
While Driver488/DRV should normally be in a reset, inactive state, it is possible that it was left in
some unknown state by a previous program failure or error. In order to force Driver488/DRV into its
quiescent state we can use the supplied zocTL procedure:

IOCTL; {Invoke IOCTL procedure}

The rocTL procedure is equivalent to the BASIC statement TocTL#1, “BREAK” which sends the
BREAK command through a “back door” to Driver488/DRV. Driver488/DRV recognizes this “back
door” command regardless of what else it might be doing and resetsitself so that it isready to accept a
normal command. We can then completely reset the Driver488/DRV with the RESET command:

Writeln (IeeeOut, 'RESET’) ;

which resets the operating parameters of the Driver488/DRV back to their normal values (those that
were set during system boot by the brRvr488 DOS command).
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Next, we can enable SEQUENCE - NO DATA AVAILABLE error detection by setting the FILL mode to
ERROR!

Writeln (IeeeOut,’FILL ERROR’);

The T0CTL, RESET, and FILI, ERROR Statements are also included in the TEEETO unit initialization
code.

Once everything is reset, we can test the communications and read the Driver488/DRV revision number
with the HELLo command:

VAR Response: STRING;

Writeln (IeeeOut, 'HELLO’) ;

Readln (Ieeeln, Response) ;
Writeln (Response) ;

First wewriteln the HELLO command t0 IeeeOut, then we Readln the response from IeeeIn into
the character variable Response. Finally we display the response with awriteln to the screen.
Because Turbo Pascal cannot both writeln and Readln from the same text file, we use two different
files to communicate with Driver488/DRV. writeln must reference the file opened for output (in
these examples, Teeeout) and Read1ln must reference the file opened for input (TeeeIn). Attempting
to communicate with the wrong file (such aswriteln (IeeeIn )) resultsin an error.

It is not necessary to perform the HELLo command, but it isincluded here as a simple example of
normal communication with Driver488/DRV . Its response isthe revision identification of the
Driver488/DRV software; bDriver488 Revision X.X ©199X IOtech, Inc.

We can also interrogate Driver488/DRV for its status:

Writeln (IeeeOut,’'STATUS’) ;
Readln (Ieeeln, Response) ;
Writeln (Response) ;

Subsequently, the printed responseis similar to the following:
€s21 1 I000 000 TO CO PO OK

The following indicators describe each component of the Driver4d88/DRV status:

Indicator | Driver488/DRV Status
c Itisinthe Controller state.
S It isthe System Controller.
21 The value of its |EEE 488 bus address.
1 An Address Change has occurred.
I Itisidle (neither atalker nor alistener).
0 Thereisno ByteIn available.
0 It is not ready to send aByteoOut.
0 Service Reguest (SrRQ) is not asserted.
000 Thereis no outstanding error.
TO It has not received a bus device TRIGGER command (only applicable in the Periphera
mode).
co It has not received a c.ear command (only applicable in the Peripheral mode).
PO NO CONTINUE transfer isin progress.
OK The error message is “OK”.

Configuration of the 195 DMM

Once the system isinitialized we are ready to start issuing bus commands. The |EEE 488 bus has
already been cleared by the Interface Clear (1Fc) sent by the RESET command, so we know all bus
devices are waiting for the controller to take some action. To control an |EEE 488 bus device, we
OUTPUT an appropriate device-dependent command to that device. For example, the command ForRox
sets the 195 to read DC volts with automatic range selection:
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Writeln (IeeeOut, ' OUTPUT 16;FOROX’);

The outpuT command takes a bus device address (16 in this case) and data (ForR0x) and sends the data
to the specified device. The address can be just a primary address, such as 12, or 05, or it can include
asecondary address: 1201. Note that both the primary address and, if present, the secondary address
are two-digit decimal numbers. A leading zero must be used, if necessary, to make atwo-digit address.

Taking Readings

Once we have set the 195’ s operating mode, we can take a reading and display it:

VAR Reading: STRING;

Writeln (IeeeOut, 'ENTER 16');
Readln (IeeelIn, Reading) ;
Writeln (Reading) ;

The ENTER command takes a bus address (with an optional secondary address) and configures that bus
device so that it is able to send data (addressed to Talk). No datais actually transferred, however, until
the Read1n statement requests the result from Driver488/DRV at which time datais transferred to the
program into the variable Reading.

Once the result has been received, any Turbo Pascal functions or statements can be used to modify or
interpret it. Inthisexample, theresultisintheformNpcv+1.23456E-2 showing the range (Npcv)
and the numeric value of thereading (+1.23456E-2). The Turbo Pascal copy function can be used to
strip off the range characters and keep only the numeric part (the fifth character and beyond), and the
VAL procedure can be used to convert this string to a number:

VAR

voltage: REAL;

code: INTEGER;

Reading:=Copy (Reading, 5, 255) ;

Val (Reading,voltage, code) ;
Writeln(‘The read value is ‘,voltage);

These may be combined for efficiency:

Val (Copy (Reading, 5,255) ,voltage, code) ;
Writeln(‘The read value is ‘,voltage);

All the power of Turbo Pascal may be used to manipulate, print, store, and analyze the data read from
the IEEE 488 bus. For example, the following statements print the average of ten readings from the
195:

VAR

sum: REAL;

i: INTEGER;

sum:=0.;

FOR i:=1 TO 10 DO BEGIN

Writeln (IeeeOut, 'ENTER 16');

Readln (IeeelIn, Reading) ;

Val (Copy (Reading, 5,255) ,voltage, code) ;
sum:=sum+voltage;

END;

Writeln(‘The average of 10 readings is ‘,sum/10);

Buffer Transfers

Instead of using aReadln (IeeeIn ) Statement to receive the data from adevice, we can direct
Driver488/DRV to place the response directly into a data buffer of our choice. For example, each
reading from the 195 consists of 17 bytes: a four-byte prefix and an eleven-byte reading followed by
the two-byte command terminator. So, we can collect 100 readingsin a 1700 byte array.

To do thiswe must first alocate the required spacein an array:
VAR r: ARRAY[0..1699] of CHAR;
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Now that we have alocated a place for the readings, we can direct Driver488/DRV to put readings
directly into the r array with the ENTER #count BUFFER command:

Writeln(IeeeOut,’'ENTER 16 #1700 BUFFER’,
Seg(r[0]),":’,0fs(x[0]));

This command consists of the keyword ENTER, followed by the bus device address (16), a number sign
(#), the number of bytesto transfer (1700), and the keyword BUFFER, followed by the memory address
of the buffer. The buffer address isspecified as segment :of fset Where segment and of fset are
each 16-bit numbers and the colon (:) isrequired to separate them. The segment value we need, isthe
value returned by the Turbo Pascal seg function. The of£set isthe offset of the array in that data
segment, which isthe value returned by ofs (x [01) .

Once the data has been received, we can print it out:
FOR i:=0 TO 1699 DO Write(r[il);

The program could process the previous set of data while collecting a new set into a different buffer.
To allow the program to continue, specify CONTINUE in the command:

Writeln (IeeeOut,’'ENTER 16 #1700 BUFFER ‘',
Seg(r[0]),’:’,0fs(r[0]),’ CONTINUE’);

Once we have started the transfer, we can check the status:

Writeln (IeeeOut,’'STATUS’) ;
Readln (Ieeeln, Response) ;
Writeln (Response) ;

The status that is returned is typically:
€s21 1 L100 000 TO CO Pl OK

Notice r1 which states atransfer isin progress, and . which shows we are till alistener. If the bus
deviceis so fast that the transfer completes before the program can check status, the response is po
showing that the transfer is no longer in progress. We can also waxT for the transfer to complete and
check the status again:

Writeln (IeeeOut, 'WAIT') ;
Writeln (IeeeOut,’'STATUS’) ;
Readln (Ieeeln, Response) ;
Writeln (Response) ;

This time the status must be o asthe wazT command waits until the transfer has completed. Now that
we know the transfer is complete, we are ready to print out the received data as shown above.

Interrupt Handling

The |IEEE 488 busis designed to be able to attend to asynchronous (unpredictable) events or
conditions. When such an event occurs, the bus device needing attention can assert the Service
Request (srQ) lineto signal that condition to the controller. Once the controller notices the srg, it can
interrogate the bus devices, using Parallel Poll (ppoLL) and/or Seria Poll (spoLL) to determine the
source and cause of the srQ, and take the appropriate action.

Parallel Poll isthe fastest method of determining which device requires service. Parallel Poll isavery
short, simple | EEE 488 bus transaction that quickly returns the status from many devices. Each of the
eight |EEE 488 bus data bits can contain the Parallel Poll response from one or more devices. So, if
there are eight or fewer devices on the bus, then just the single Parallel Poll can determine which
requires service. Even if the busis occupied by the full complement of 15 devices, then Parallel Poll
can narrow the possihilities down to a choice of no more than two.

Unfortunately, the utility of Parallel Poll islimited when working with actual devices. Some have no
Parallel Poll response capability. Others must be configured in hardware, usually with switches or
jumpers, to set their Parallel Poll response. If Parallel Poll isnot available, or several devices share the
same Parallel Poll response bit, then Serial Polling is still required to determine which deviceis
reguesting service.
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Serial Poll, though it is not as fast as Parallel Poll, does offer three mgjor advantages: it gives an
unambiguous response from a single bus device; it returns additional status information beyond the
simple request/no-request for service; and, most importantly, it isimplemented on virtually all bus
devices.

The srq line can be monitored in two ways: it can be periodically polled using the sTaTus command,
or it can be used to cause an external interrupt when asserted.

BASIC provides a method for detecting and servicing external interrupts: the on PEN statement. The
ON PEN Statement tells BASIC that, when an external interrupt is detected, a specific subroutine,
known as the interrupt service routine (ISR), isto be executed. Normally, the interrupt detected by
ON PEN isthelight peninterrupt. However, Driver488/DRV redefines this “light pen interrupt” to
signal when an |EEE 488 bus related interrupt (such as srQ) has occurred.

Unlike BASIC, Turbo Pascal does not provide an automatic method of checking for light pen status.
Therefore, a procedure is needed to check for the interrupt. The procedure could use the sTaTus
command, but it is much faster to check the interrupt status directly, using a BIOS interrupt:

PROCEDURE CheckInt (Signal:integer) ;
BEGIN

Regs.AX=50400;

{Function 4, check light pen status}
Intr($10,Regs); {BIOS interrupt $10}
WHILE Registers.AH 0 DO BEGIN

{A Driver488/DRV interrupt has occurred}

{Take the appropriate action}

Regs.AX=50400;

{Check if another interrupt has occurred}
Intr ($10,Regs) ;

END

END; {of procedure CheckInt}

Inside the wHILE loop, where Registers.AH isnot zero, we know that a Driver488/DRV interrupt
has occurred. The arM command is used to specify which conditions should cause that interrupt. In
this example we want the interrupt to occur on the detection of a Service Request:

Writeln (IeeeOut,'ARM SRQ’);

The 195 can be set to request service on any of several different internal conditions. In particular, the
M2 command causes an SRQ upon the detection of any invalid command or command option by the
195:

Writeln (IeeeOut, 'OUTPUT 16;M2X’);

ThisouTpuT command is placed early in the program so that all subsequent commands to the 195
cause an srg, if they areinvalid.

Now we can check for interrupts by calling checkInt at appropriate placesin the program. The only
place checkInt should not be used, is between a command that requests a response, such as STATUS
Or ENTER, and the statement(s) that reads the response. The CheckInt parameter, signal, can be
used to identify where the interrupt was detected. A typical sequence might be the following:

Writeln (IeeeOut,’'STATUS’) ;

Readln (Ieeeln, Response); CheckInt (10);
Writeln (IeeeOut, 'ENTER 16');

Readln (IeeelIn, Reading); CheckInt (20);

Each time checkint iscalled, Driverd88/DRYV interrupts are checked. Now we must specify what
action should be taken when an interrupt is detected.

Upon detecting an interrupt, we first display a message indicating that an interrupt was found, and then
check the Driver488/DRV Serial Poll Status to determine if an srQ actually caused the interrupt:
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VAR sp: INTEGER;

Writeln(‘Interrupt detected at signal ‘,Signal);
Writeln (IeeeOut, 'SPOLL’) ;

Readln (Ieeeln, sp);

IF sp=0 THEN BEGIN

Writeln(‘Non-SRQ Interrupt!’); Halt

END;

Next we Serial Poll the 195 to determine its status. If there were other devices on the bus that could be
generating the srg, each of them would be have to be checked in turn.

VAR stl95: INTEGER;

Writeln (IeeeOut, 'SPOLL 16');
Readln(IeeelIn,stl95);

IF (stl95 and 64)=0 THEN BEGIN
Writeln(‘Non-195 SRQ!’); Halt
END;

Bit pxo7, with avalue of 64, isreturned as true (1) in the Serial Poll response of those devices
requesting service. Inour simple example, we expect that the 195 is the only possible cause of an srQ,
and if not, there must be some error.

Now that we have identified the device that is requesting service, we can further examine the Serial
Poll status to classify the request:

IF (st195 and 32)=0 THEN BEGIN {

ERROR is not set}

IF (stl95 and 1) 0 THEN Writeln(‘Overflow’);

IF (stl95 and 2) 0 THEN Writeln(‘Buffer Full’);

IF (stl95 and 4) 0 THEN Writeln(‘Buffer 1/2 Full’);
IF (stl95 and 8) 0 THEN Writeln(‘Reading Done’) ;

IF (stl95 and 16) 0 THEN Writeln(‘Busy’)

END ELSE BEGIN {ERROR is set}IF (stl1l95 and 1) 0 THEN
Writeln(‘Illegal Command Option’) ;

IF (stl95 and 2) 0 THEN Writeln(‘Illegal Command’) ;
IF (stl95 and 4) 0 THEN Writeln(‘No Remote’);

IF (stl95 and 8) 0 THEN Writeln(‘Trigger Overrun’);
IF (stl95 and 16) 0 THEN Writeln(‘Failed Selftest’)
END;

The action taken depends, of course, on the design of the system, but in this example, simply displaying
amessage is adeguate.

Sample Program

BEGIN

VAR IeeeOut, IeeeIn: TEXT;

VAR Response: STRING;

VAR Reading: STRING;

VAR

voltage: REAL;

code: INTEGER;

VAR

sum: REAL;

i: INTEGER;

VAR r: ARRAY[0..1699] of CHAR;
Assign(IeeeOut, 'IeeeOut’); Rewrite(IeeeOut);
Assign(IeeeIn, ’'IeeelIn’); Reset(Ieeeln);
RawMode (IeeeOut) ;

RawMode (Ieeeln) ;

IOCTL; {Invoke IOCTL procedure}
Writeln (IeeeOut, 'RESET’) ;
Writeln (IeeeOut,’'FILL ERROR’) ;
Writeln (IeeeOut, 'HELLO’) ;
Readln (Ieeeln, Response) ;
Writeln (Response) ;

Writeln (IeeeOut,’'STATUS’) ;
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Readln (Ieeeln, Response) ;

Writeln (Response) ;

Writeln (IeeeOut, ' OUTPUT 16;FOROX’);
Writeln (IeeeOut, 'ENTER 16');

Readln (IeeelIn, Reading) ;

Writeln (Reading) ;

Reading:=Copy (Reading, 5, 255) ;

Val (Reading,voltage, code) ;
Writeln(‘The read value is ‘,voltage);
Val (Copy (Reading, 5,255) ,voltage, code) ;
Writeln(‘The read value is ‘,voltage);
sum:=0.;

FOR i:=1 TO 10 DO BEGIN

Writeln (IeeeOut, 'ENTER 16');

Readln (IeeelIn, Reading) ;

Val (Copy (Reading, 5,255) ,voltage, code) ;
sum:=sum+voltage;

END;

Writeln(‘The average of 10 readings is ‘,sum/10);

Writeln (IeeeOut,’ENTER 16 #1700 BUFFER ‘',
Seg(r[0]),’:",0fs(xr[0]));

FOR i:=0 TO 1699 DO Write(r[i]):;
Writeln(IeeeOut, 'ENTER 16 #1700 BUFFER ‘,
Seg(r[0]),’:",0£fs(xr[0]),’ CONTINUE’);
Writeln (IeeeOut,’'STATUS’) ;

Readln (Ieeeln, Response) ;

Writeln (Response) ;

Writeln (IeeeOut, 'WAIT') ;

Writeln (IeeeOut, ' STATUS’) ;

Readln (Ieeeln, Response) ;

Writeln (Response) ;

PROCEDURE CheckInt (Signal:integer) ;
BEGIN

VAR sp: INTEGER;

VAR st195: INTEGER;

Regs.AX=50400;

{Function 4, check light pen status}
Intr($10,Regs); {BIOS interrupt $10}
WHILE Registers.AH 0 DO BEGIN

{A Driver488/DRV interrupt has occurred}

{Take the appropriate action}

Regs.AX=50400;

{Check if another interrupt has occurred}
Intr($10,Regs) ;

END

Writeln(IeeeOut,’ARM SRQ’);

Writeln (IeeeOut, 'OUTPUT 16;M2X’);
Writeln (IeeeOut, ' STATUS’) ;

Readln (Ieeeln,Response); CheckInt (10);
Writeln (IeeeOut,’ENTER 16');

Readln (Ieeeln,Reading); CheckInt (20);
Writeln(‘Interrupt detected at signal ‘,Signal);
Writeln (IeeeOut, 'SPOLL’) ;

Readln (Ieeeln, sp) ;

IF sp=0 THEN BEGIN

Writeln(‘Non-SRQ Interrupt!’); Halt
END;

Writeln(IeeeOut, 'SPOLL 16’);

Readln (Ieeeln,stl95);

IF (stl95 and 64)=0 THEN BEGIN
Writeln(‘Non-195 SRQ!’); Halt

END;

IF (stl95 and 32)=0 THEN BEGIN
ERROR is not set}
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IF (stl95 and 1) 0 THEN Writeln(‘Overflow’);

IF (stl95 and 2) 0 THEN Writeln(‘Buffer Full’);

IF (stl1l95 and 4) 0 THEN Writeln(‘Buffer 1/2 Full’);
IF (stl95 and 8) 0 THEN Writeln(‘Reading Done’);

IF (stl95 and 16) 0 THEN Writeln(‘Busy’)

END ELSE BEGIN {ERROR is set}IF (stl195 and 1) 0 THEN
Writeln(‘Illegal Command Option’) ;

IF (stl95 and 2) 0 THEN Writeln(‘Illegal Command’) ;
IF (stl95 and 4) 0 THEN Writeln(‘No Remote’);

IF (stl95 and 8) 0 THEN Writeln(‘Trigger Overrun’);
IF (stl95 and 16) 0 THEN Writeln(‘Failed Selftest’)
END;

END; {of procedure CheckInt}
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Use of Direct DOS 1/0O Devices

Once Driver488/DRV has been installed in your system, it is ready to begin controlling IEEE 488 bus
devices. To show how thisis done, we develop a short program, in the Lotus 1-2-3 macro language, to
control aKeithley Instruments Model 195 digital multimeter. This program should also be compatible
with Symphony, and a very similar Quattro program is also included on the Driver488/DRV program
disk. The techniques used in this program are quite general, and apply to the control of most
instruments.

Initialization of the System

Any program using Driver488/DRV must first establish communications with the Driver488/DRV
software driver. In Lotus 1-2-3 and most other languages thisis accomplished using an oPEN
command:

{OPEN IEEE,W}

Once thefileis opened, we can send commands and receive responses from Driver488/DRV. First,
completely reset the Driver488/DRV with the RESET command:

{WRITELN RESET}

which resets the operating parameters of the Driver488/DRV back to their normal values (those that
were set during system boot by the brRvr488 DOS command).

When Lotus 1-2-3 reads from Driver488/DRYV it expects that the responses are terminated by a single
carriage return character. As Driver488/DRV normally appends both carriage return and line feed to
its responses, it must be configured to use the correct terminator:

{WRITELN EOL IN CR}

Next, we can enable SEQUENCE - NO DATA AVAILABLE error detection by setting the FInLL. mode to
ERROR:

{WRITELN FILL ERROR}

Personal488 User’s Manual, Rev. 3.0 11-91

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



8J. Spreadsheets I1. SOFTWARE GUIDES - 8. Driver488/DRV

All of the commands discussed so far: OPEN, RESET, EOL IN CR, and FILL ERROR are placedina
separate subroutine called 1eeeInit. Thus, to accomplish al of the above steps, use TeeeInit:

{IeeeInit}

Once everything is reset, we can test the communications and read the Driver488/DRV revision number
with the HELLo command:

{WRITELN “HELLO”}
{READLN Hello}

Wefirst WRITELN the HELLO command, then READLN the response into the cell named Hello (lower
case). Notice the quotation marks (» ~) around the word HELLO (upper case) in the WRITELN
command. These force Lotusto write the word EELLO (upper case) rather than the contents of the cell
named Hello (lower case). Otherwise, since upper-case and lower-case letters are considered
identical, both HELL.O and Hello would refer to the same cell.

It is not necessary to perform the HELLo command, but it isincluded here as a simple example of
normal communication with Driver488/DRV . Its response isthe revision identification of the
Driver488/DRV software: briver488 Revision X.X ©199X IOtech, Inc.

We can also interrogate Driver488/DRYV for its status:
{WRITELN “STATUS”}
{READLN Status}

Subsequently, the printed responseis similar to the following:
€cs21 1 1000 000 TO CO PO OK

The following indicators describe each component of the Driver488/DRV status:

Indicator | Driver488/DRV Status

C Itisinthe Controller state.

S It isthe System Controller.

21 The value of its |EEE 488 bus address.
1 An Address Change has occurred.
I Itisidle (neither atalker nor alistener).
0 Thereisno ByteIn available.
0
0

It is not ready to send aByteOut.
Service Reguest (srQ) is not asserted.

000 There is no outstanding error.

TO It has not received a bus device TRIGGER command (only appliesin Peripheral mode).
co It has not received a cL.EaR command (only applicable in the Peripheral mode).

PO NO CONTINUE transfer isin progress.

OK The error message is “OK”.

Configuration of the 195 DMM

Once the system isinitialized we are ready to start issuing bus commands. The |EEE 488 bus has
already been cleared by the Interface Clear (1Fc) sent by the RESET command, so we know that all bus
devices are waiting for the controller to take some action. To control an | EEE 488 bus device, we
output an appropriate device-dependent command to that device. For example, the Forox command
line below sets the 195 to read DC volts with automatic range selection:

{WRITELN “OUTPUT 16;FOR0X"}

The ouTpuT command takes a bus device address (16 in this case) and data (ForR0x) and sends the data
to the specified device. The address can be just a primary address, such as 12, or 05, or it caninclude
asecondary address: 1201. Note that both the primary address and, if present, the secondary address
are two-digit decimal numbers. A leading zero must be used, if necessary to make a two-digit address.

Notice that the entire ouTpuT command is enclosed in quotation marks (» ~). Thisis necessary
because the command includes a semicolon character (;) which would interfere with the WRITELN
command if it were not enclosed in quotes.
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Taking Readings
Once we have set the 195’ s operating mode, we can take a reading:

{WRITELN ENTER 16}
{READLN Reading}

The ENTER command takes a bus address (with an optional secondary address) and configures that bus
device so that it is able to send data (addressed to talk). No datais actually transferred, however, until
the READLN statement requests the result from Driver488/DRV at which time data is transferred to the
program into the cell Reading.

Once the result has been received, any Lotus 1-2-3 functions or statements can be used to modify or
interpret it. Inthisexample, theresultisintheformNpDcv+1.23456E-2 showing the range (NpDcv)
and the numeric value of thereading (+1.23456E-2). The Lotus 1-2-3 eMID function can be used to
strip off the range characters and keep only the numeric part (the fifth character and beyond), and the
@VALUE function can be used to convert this string to a number:

{LET Voltage,@VALUE (@MID (Reading,4,11))}

All the power of Lotus 1-2-3 may be used to manipulate, print, store, and analyze the data read from
the IEEE 488 bus. For example, the following statements compute the average of ten readings from the
195:

{FOR Index,0,9,1,Suml}

Suml:

{WRITELN ENTER 16}

{READLN Reading}

{PUT Voltages, 0, Index, @VALUE (@MID (Reading, 4,11))}
{RETURN}

The FoRr statement sets Index to each of the successive values from o to 9, calling the sum1 subroutine
for each value of Index. suml takes areading from the 195, convertsit to a numeric value, and places
itinto arow of therange voltages. Thetenreadingsin voltages arefinaly averaged by aformula
in the cell named average which can be seen in the exampl e spreadsheet.

Interrupt Handling

The |IEEE 488 busis designed to be able to attend to asynchronous (unpredictable) events or
conditions. When such an event occurs, the bus device needing attention can assert the Service
Request (srQ) lineto signal that condition to the controller. Once the controller notices the srg, it can
interrogate the bus devices, using Parallel Poll (ppoLL) and/or Seria Poll (spoLL) to determine the
source and cause of the srQ, and take the appropriate action.

Parallel Poll isthe fastest method of determining which device requires service. Parallel Poll isavery
short, simple | EEE 488 bus transaction that quickly returns the status from many devices. Each of the
eight |EEE 488 bus data bits can contain the Parallel Poll response from one or more devices. So, if
there are eight or fewer devices on the bus, then just the single Parallel Poll can determine which
requires service. Even if the busis occupied by the full complement of 15 devices, then Parallel Poll
can narrow the possihilities down to a choice of at most two.

Unfortunately, the utility of Parallel Poll islimited when working with actual devices. Some have no
Parallel Poll response capability. Others must be configured in hardware, usually with switches or
jumpers, to set their Parallel Poll response. If Parallel Poll isnot available, or several devices share the
same Parallel Poll response bit, then Serial Polling is still required to determine which deviceis
reguesting service.

Serial Poall, though it is not as fast as Parallel Poll, does offer two major advantages: it returns
additional status information beyond the simple request/no-request for service, and it isimplemented on
virtually al bus devices.

The srq line can be monitored in two ways: it can be periodically polled using the sTaTUS command,
or it can be used to cause an external interrupt when asserted.
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BASIC provides a method for detecting and servicing external interrupts: the on PEN statement. The
ON PEN statement tells BASIC that, when an external interrupt is detected, a specific subroutine,
known as the interrupt service routine (ISR), isto be executed. Normally, the interrupt detected by
ON PEN isthelight pen interrupt. However, Driver488/DRV redefines this “light pen interrupt” to
signal when an IEEE 488 bus related interrupt (such as srQ) has occurred.

Unlike BASIC, Lotus 1-2-3 does not provide an automatic method of checking for light pen status.
Therefore, a subroutine is needed to check for the interrupt. This subroutine uses the spoLL. command
to check for srq:

CheckSRQ:

{DEFINE Signal:VALUE}

{WRITELN SPOLL}

{READLN SP}

{LET SP,@VALUE (@MID (SP,0,@LENGTH (SP)-1))}
{IF sP=0}{BLANK ST195}{RETURN}

The checksRQ takes a numeric parameter, signal, which can be used to note where in the program
the interrupt occurred. The subroutine begins by reading the response to the spoLL command and
converting that response to a numeric value, sp. If spiszero (0), then no srq is pending and we clear
the 195 status cell, sT195, and then return. If SPis non-zero, we know that an srQ is pending.

The 195 can be set to request service on any of several different internal conditions. In particular, the
M2 command causes an SRQ upon the detection of any invalid command or command option by the
195:

{WRITELN “OUTPUT 16;M2X"}

ThisouTpuT command is placed early in the program so that all subsequent commands to the 195
cause an srg, if they areinvalid.

Now check for service requests by calling checksRrQ at appropriate placesin the program. The only
place checksrQ should not be used, is between a command that requests a response, such as STATUS
or ENTER, and the statement(s) that read that response. The checksRQ parameter, signal can be used
to identify where the interrupt was detected. A typical sequence might be:

{WRITELN “STATUS”}
{READLN Status}
{ChecksSRQ 10}
{WRITELN ENTER 16}
{READLN Reading}
{CHECKSRQ 20}

Once checksrQ has determined, with a Serial Poll, that a service request isindeed pending, it then
checks the 195 to determineiif it is the source of the interrupt. If there were other devices on the bus
that could be generating the srg, each of them would be have to be checked in turn.

{WRITELN SPOLL 16}
{READLN ST195}
{LET ST195,@VALUE (@MID(ST195,0,@LENGTH(ST195)-1)) }~

Thetilde (~) at the end of the LET statement forces evaluation of the spreadsheet. In particular, it
causes the values of the cellsp1o8 through p1o1 to be set to the values of the bits of sT195. These
cells can then be examined to inspect the 195's status:

{IF DIO7}{BRANCH 195SRQ}
{BEEP}{GETLABEL “Non-195 SRQ detected! Press Return.”,TypeHere}
{RESTART} {RETURN}

Bit p107, isreturned astrue (1) in the Seria Poll response of those devices requesting service. In our
simple example, we expect that the 195 is the only possible cause of an srg, and if it is not, there must
be someerror. If D107 is set, we BRANCH to 195sRQ and continue with the subroutine. Otherwise we
BEEP, display an error message, and terminate macro execution. TypeHere isablank cell that holds
anything that is typed by the user before the return <Enters is pressed.
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Now that we have identified the device that is requesting service, we can further examine the Serial
Poll status to classify the request. If D106 is set, then the 195 is signaling an error condition. If that bit
is clear, then some non-error condition caused the srQ:

195SRQ:

{IF DIO6}{BRANCH 195ERR}

{IF DIO5}{BEEP}

{GETLABEL “195 Status: BUSY. Press Return.”,TypeHere}

{IF DIO4}{BEEP}

{GETLABEL “195 Status: READING DONE. Press Return.”,TypeHere}
{IF DIO3}{BEEP}

{GETLABEL “195 Status: BUFFER 1/2 FULL. Press Return.” TypeHere}
{IF DIO2}{BEEP}

{GETLABEL “195 Status: BUFFER FULL. Press Return.”,TypeHere}

{IF DIO1}{BEEP}

{GETLABEL “195 Status: OVERFLOW. Press Return.”,TypeHere}
{RETURN}

195ERR:

{IF DIO5}{BEEP}

{GETLABEL “195 Status: FAILED SELFTEST. Press Return.”,TypeHere}
{IF DIO4}{BEEP}

{GETLABEL “195 Status: TRIGGER OVERRUN. Press Return.”,TypeHere}
{IF DIO3}{BEEP}

{GETLABEL “195 Status: NO REMOTE. Press Return.”,TypeHere}

{IF DIO2}{BEEP}

{GETLABEL “195 Status: ILLEGAL COMMAND. Press Return.”,TypeHere}
{IF DIO1}{BEEP}

{GETLABEL “195 Status: ILLEGAL COMMAND OPTION. Press
Return.”,TypeHere}

Finally, once we have diagnosed the service request, we are ready to return to the main program:

{RETURN}

Sample Program

{OPEN IEEE,W}

{WRITELN RESET}

{WRITELN EOL IN CR}

{WRITELN FILL ERROR}
{IeeeInit}

{WRITELN “HELLO”}

{READLN Hello}

{WRITELN “STATUS”}

{READLN Status}

{WRITELN “OUTPUT 16;FOR0OX"}
{WRITELN ENTER 16}

{READLN Reading}

{LET Voltage,@VALUE (@MID (Reading,4,11))}
{FOR Index,0,9,1,Suml}

Suml:

WRITELN ENTER 16}

{READLN Reading}

{PUT Voltages, 0, Index, @VALUE (@MID (Reading, 4,11))}
{RETURN}

CheckSRQ:

{DEFINE Signal:VALUE}

{WRITELN SPOLL}

{READLN SP}

{LET SP,@VALUE (@MID (SP,0,@LENGTH (SP)-1))}
{IF sP=0}{BLANK ST195}{RETURN}
{WRITELN “OUTPUT 16;M2X"}
{WRITELN “STATUS”}

{READLN Status}

{CheckSRrQ 10}

{WRITELN ENTER 16}

{READLN Reading}

{CHECKSRQ 20}

{WRITELN SPOLL 16}
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{READLN ST195}

{LET ST195,@VALUE (@MID (ST195, 0, @LENGTH (ST195)-1)) }~

{IF DIO7}{BRANCH 195SRQ}

{BEEP}{GETLABEL “Non-195 SRQ detected! Press Return.”,TypeHere}
{RESTART} {RETURN}

195SRQ:

{IF DIO6}{BRANCH 195ERR}

{IF DIO5}{BEEP}

{GETLABEL “195 Status: BUSY. Press Return.”,TypeHere}

{IF DI04}{BEEP}

{GETLABEL “195 Status: READING DONE. Press Return.”,TypeHere}
{IF DI03}{BEEP}

{GETLABEL “195 Status: BUFFER 1/2 FULL. Press Return.” TypeHere}
{1IF DI02}{BEEP}

{GETLABEL “195 Status: BUFFER FULL. Press Return.”,TypeHere}

{IF DIO1}{BEEP}

{GETLABEL “195 Status: OVERFLOW. Press Return.”,TypeHere}
{RETURN}

195ERR:

{IF DIO5}{BEEP}

{GETLABEL “195 Status: FAILED SELFTEST. Press Return.”,TypeHere}
{IF DI04}{BEEP}

{GETLABEL “195 Status: TRIGGER OVERRUN. Press Return.”,TypeHere}
{IF DI03}{BEEP}

{GETLABEL “195 Status: NO REMOTE. Press Return.”, TypeHere}

{1IF DI102}{BEEP}

{GETLABEL “195 Status: ILLEGAL COMMAND. Press Return.”,TypeHere}
IF DIO1}{BEEP}

{GETLABEL “195 Status: ILLEGAL COMMAND OPTION. Press
Return.”,TypeHere}

{RETURN}

8K.
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Introduction

Driver488/DRYV is compatible with virtually every MS-DOS programming language. 1f you wish to
use Driver488/DRV with alanguage that is not covered in this chapter, try the following:
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e  Check the Driver488/DRV disk. Support for languages not described in this manual may be
included in the Driver488/DRV program disk.

e Try the examples given for alanguage that is similar to the one you wish to use. Different varieties
of BASIC, Pascal, or other languages may be similar enough in their implementation that they can
be used identically to control Driver488/DRV. The pDAEMON . EXE (driver daemon) program that
is provided on the Driver488/DRV disk can help in determining just how alanguage
communicates with Driver488/DRV.

e Cadll your service representative for technical support. New language support examples will be
available to you as they are devel oped.

If no support is available or appropriate for your language, it is still practical to control

Driver488/DRV so long as your language supports system interrupt calls. A system interrupt isa
special type of subroutine call that is used to gain access to the MS-DOS and BIOS internal procedures.
They are used by the I/O library of every language to control the disk, keyboard, screen, printer, and
other hardware in the system. The same system interrupts are used to control Driver488/DRV.

Most programming languages have subroutines that allow interruptsto be invoked. The often have
names such as Int86, SysInt, Of DOSInt. If you arenot surethat your language has such a
subroutine, then check with the language manufacturer.

To control Driver488/DRV you need to be able to do the following:

e Find the segment and offset addresses of variables (or arrays) in your program
e Open and close the 1EEE file that is used to communicate with Driver488/DRV
e Configurethe 1EEE file for binary communication

¢ Send and receive commands and data to and from the 1EEE file, and

e Perform 10cTL“BREAK” and TocTL$ functions as described in “Section 111: Command
References.”

The examples throughout this Sub-Chapter are in assembly language to demonstrate the low-level
commands that communicate with DOS and Driver488/DRV. However, it islikely that your
programming language has the ability to perform all these functions without directly using assembly
language.

Finding Addresses

The system interrupts that transfer command and data to and from Driver488/DRV need to be told
where in memory the datais to be transferred. Addressesin an MS-DOS computer are composed of
two 16-bit numbers: a segment and an offset. The actual memory address of an object is computed
during memory access by multiplying the segment value by 16 and adding the offset to the result. This
forms a 20-hit address that covers the address range availablein MS-DOS. All MS-DOS addresses are
specified in this segment : of£set form.

A segment of memory is aregion of memory in which all data elements have the same segment value.
Each segment is 64K byteslong, with locations within the segment determined by the of £set
address. Segments can and often do overlap. For example, al of the following segment:offset
pairs refer to the same address (2CF89 hex): 2CF8:0009, 2CF0:0089, 2C00: 0F89, 2000:CF90,
1E32:EC69 (1E320 + EC69 = 2CF89).

Thereisno universal way of determining the segment and of £set address of adataobjectin a
programming language. Some languages, such asinterpreted GW-BASIC or BASICA, keep al their
variables in a single segment known as the data segment. However, they do not provide a convenient
method of determining the segment address of that data segment. A special assembly-language
subroutine, must be used to find the data segment address. Once the data segment addressis found, it
isfixed. All variablesresidein thissingle, fixed data segment. These BASICs do provide afunction,
VARPTR, that returns a variable’s offset address within the data segment.
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Other types of BASICs include a function called vARSEG that returns the segment address of a variable.
This eliminates the need for a special assembly-language routine, but, in these languages, the segment
address may be different for each variable or array. varsiEG may need to be called for each variable
whose addressis required.

Note that the address (segment and of£set) oOf avariable or array may not be the address of the
portion of that variable that holds the data. The address may instead be the address of avariable
descriptor, a data structure that describes the structure of the variable or array. The descriptor usually
includes the current length of the variable as well asits actual address. The descriptor of an array may
include the number of elementsin the array, the number of subscripts used to refer to the array
elements, and the ranges of the subscripts. Y ou should check with the language manufacturer to
determine just what vARPTR (or its equivalent) pointsto. When trying to determine addresses you may
have to consider garbage collection, memory models, and calling protocols.

Garbage Collection

Garbage collection is a process whereby alanguage with variable-length data structures, such as strings
in BASIC or listsin LISP, can reuse the memory that is no longer being used by any variables. When a
program is running, it can move variables around to consolidate this unused space and reclaimit for
new variables. Garbage collection can occur at almost any time and invalidate any stored values of
variable addresses. Thus, in languages that use garbage collection, addresses should be “fresh” and
recal culated whenever they might have changed.

Memory Models

Some languages, most notably C, allow a choice of memory models. These are known by various
names such as: “tiny,” “small,” “medium,” “compact,” “large,” or even “huge.” The exact meaning of
these names may vary between different languages, but they typically have the following interpretation:

" u

Memory Total Largest Data Typical Interpretation
M odel Code/Data Structure
Tiny < 64K bytes < 64K bytes Code and data fit together within asingle 64K segment.
Might bein the format necessary to convert to a
.coM file.
Small < 64K bytes < 64K bytes Both code and data each reside within their own 64K

segment. Near (16-bit, offset only) references to
code and data elements are possible.

Medium > 64K bytes < 64K bytes More than 64K of code, in multiple segments, while
(for code only) data fits within asingle 64K segment. No
< 64K bytes subprogram may exceed 64K.

(for data only)

Compact < 64K bytes < 64K bytes Code fits within asingle 64K segment, while data may
(for code only) occupy more than one segment. Explicit segment
> 64K bytes addresses are required to address data elements. No
(for data only) single data structure, such as an array or record,

may be more than 64K.

Large > 64K bytes < 64K bytes More than 64K of both code and data. Still, no single

subprogram or data structure may exceed 64K.

Huge > 64K bytes > 64K bytes More than 64K of both code and data. Data structures

may be larger than 64K.

When using the Tiny, Small, or Medium memory models, all data elements are in the same segment.
Once the segment address of oneis known, it can be used to refer to any address. 1n the Compact,
Large, and Huge memory models, data elements have a 32-bit address composed of a segment and an
offset. The segment values may be different for each data element.

Many languages do not offer the same flexibility of memory models as does C, but addressing methods
used by other languages may often be viewed as one of the standard C models.

The following program fragment, taken from the Microsoft C support file IEEET0. ¢ shows how
segment and of £set addresses are computed in the various memory models:
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#if defined(M_I86SM) || defined(M_I86MM)

int segment (ptr)

void near *ptr;

{ static struct SREGS segs = { 0, 0, 0, 0, };
if (segs.ds==0) segread(&segs);

return segs.ds;

}

#define offset(ptr) (int)ptr

#else

#define offset(ptr) ((unsigned) (fp))

#define segment (ptr) ((unsigned) ((unsigned long) (fp) > 16))
#endif

The #1F statement checksif we are using the Small (M_186sM) or Medium (M_186MM) models
(Microsoft C does not support the Tiny model) and, if we are, defines a function segment that returns
the (constant) segment value that can be used for all data elements. The segment function takes a
pointer (ptr) asan argument, but does not useit. Instead, the first timeitiscalled, it callsthe
segread library function to read the ds segment register and returns that value. Each subsequent time
segment iscalled, it returns the saved ds register value. In these small-data models, the pointer to a
data object isjust the of£set address of that object, and so we define of fset (ptr) as (int)ptr,
which isjust an integer with the same value as the pointer.

If we are using a large-data model, data pointers are 32 bits, and the segment and of£set must be
extracted from the 32-bit far pointer (£p). The of£set, which isthe least-significant word of the
pointer, is extracted by converting the pointer to unsigned. Thisdiscards the upper 16-bit of the
pointer, leaving the segment value. The segment is extracted by interpreting (casting) the pointer as
anunsigned long (32-bit) integer, shifting the result right 16 places, and then taking the least
significant word of theresult. Inthisway, theoffset and segment are extracted from the 32-bit
far pointer.

Calling Protocols

If the programming language we are using does not provide functions that return the segment or
offset Of an object, we must write our own. The data object whose address we desireis passed as an
argument to this function. The calling protocols for that language specify just how information about
the arguments is passed to the function.

There are two popular methods of passing arguments: call-by-value and call-by-reference. Other
methods, such as call-by-name which is used in Algol 60, are possible, but are not used in common
microcomputer languages.

Call-By-Value

In call-by-value, which is the only method used by C, the actual arguments are copied, and these copies
are passed to the subprogram. If the address of a variable is needed by the subprogram then that
address must be explicitly passed to the subprogram. For example:

int i; Declare and integer variable i.

i=5; Set i to 5

funl(i); Call funl with an argument of 5.

fun2(&i); Call fun2 with an argument equal to the address of i.

Noticethat if fun1 triesto change the value of i, it only changesits own copy of i, not the calling
programy svariable. In contrast, fun2 hasthe address of i and can get access to the calling program’s
variable and change its value. In call-by-value, the entire data el ement must be duplicated and passed
to the subprogram. Thisis not a problem for simple variables, but can be quite awkward if alarge
array must be copied to be passed to the subprogram. Large data structures are rarely passed using
call-by-value. Instead, the address of the data structure is passed in what is, in effect, call-by-reference.

Call-By-Reference

Call-by-reference is the most common form of argument passing in languages other than C. In call-by-
reference, the address of the argument is passed to the subprogram. The size of this address may be 16
or 32 hits depending on the language and its memory model.
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If the argument is a data object, then the subprogram can modify that data object because it has that
object’s memory address. If an expression is passed using call-by-reference, the expression is
evaluated and stored in atemporary location. The address of this temporary is then passed to the
subprogram. The subprogram usually can change this value but it has no effect on the variables of the
calling program.

Call-by-reference can be used to give the same effect as call-by-value. To do this, the arguments are
first copied into temporary locations, then the addresses of these temporaries are passed using call-by-
reference. The calling protocol is call-by-reference because the addresses of the data objects are
passed to the subprogram. However, because these addresses are the addresses of copies of the
arguments and not the actual arguments, the subprogram cannot know the actual addresses of the
arguments, nor can it change their values. Thistype of call-by-reference is always used for
expressions. When expressions are passed using call-by-reference, they are first evaluated and their
results stored in temporary locations. Then the addresses of these temporaries are passed to the
subprogram.

By forcing the data object to be treated as an expression, call-by-reference can be used with the same
effect as call-by-value as described above. In BASIC, thisis accomplished by surrounding the variable
in parentheses:

CALL SUB(A)
calls suB and passes the address of a, while:
CALL SUB((a))
calls suB and passes the address of atemporary variable that contains the same value as a.

Differences

It isimportant to note the difference between call-by-value and call-by-reference. In cal-by-value, the
subprogram does not know the actual addresses of the arguments and cannot change their values, while
in call-by-reference, the subprogram knows the addresses of its arguments and can change them. This
can have important ramifications. For example, in True Basic, functions are always call-by-value. The
arguments are copied and the addresses of these copies are passed to functions. In contrast, subroutines
are call-by-reference and are passed the addresses of the actual arguments. Thus, if onetriesto write a
function that returns the address of a string variable, it does not work! The address returned is the
address of the copy of the string, not the desired address of the actual string variable. Instead, a
subroutine with two parameters must be used, the first being the string whose addressis desired, and
the second being set to that address when the subroutine is called.

Opening & Closing the Driver

Any program using Driver488/DRV must first establish communications with the Driver488/DRV
software driver. Thisisaccomplished using the MS-DOS opEeN function. In assembly language, this
might appear as follows:

name DB” IEEE”,0 ;Driver488/DRV device name
ieee DWO ;Place to hold Driver488/DRV file handle
mov AH, 3Dh ;Open function
mov AL, 02 ;Access code = read/write
mov DX,offset ;DS:DX - name
name
int 21h ;Execute DOS function
jec error ;Error if carry set
mov ieee, AX ;Save file handle

Once the file is opened, we can communicate with it to perform almost all the functions of
Driver488/DRV. When the program is done, it should close the Driver488/DRYV file:

mov AH, 3Eh ;Close function

mov BX, ieee ;File handle

int 21h ;Execute DOS function

jec error ;Check for error

or DL, 20h :Set “don’t check for control characters” bit
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1/0 Control (I0CTL) Communication

DOS provides several 1/0 Control (IOCTL) functions that are useful with Driver488/DRV. Two of
these! IOCTL GetDeviceData and IOCTL SetDeviceData alow Driver488/DRV to be configured
for faster “Raw Mode” communication, while the other two: 10CTL Read and T10CTL write, perform
the functions of the BASIC TocTr$ function and TocTr#1 command, respectively.

IOCTL Get & Set Device Data

When communicating with character devices, DOS normally checks the transferred data for control
characters such as x-oN, x-oFF and control-z. However when communicating with
Driverd88/DRV, thisis not desirable. First of all, it might interfere with control charactersthat are
supposed to be transferred to or from Driver488/DRV. Second, and more importantly, while DOS s
checking for control characters, it only transfers one character at atime to or from Driver488/DRV.
Thisis much less efficient than transferring large blocks of data. Thus, whenever possible, DOS should
be configured to not check for control characters when communicating with Driverd88/DRV. Thisis
typically accomplished by a function called rRawMode in the language-specific support files (such as
IEEEIO.C) provided with Driver488/DRV. The DOS IOCTL Get and SetDeviceData functions
are used together to configure Driver488/DRYV for RawMode (binary) communication as.

mov AX,4400h ;DOS Get Device Data Function

mov BX, ieee ;File handle for Driver488/DRV

int 21h ;Execute DOS function

mov DH, 0 ;Must clear DH

or DL, 20h :Set “don’t check for control characters” bit
mov AX,4401h ;DOS Set Device Data Function

mov BX, ieee ;File handle

int 21h ;Execute DOS function

Thefirst part of this code fragment reads the current device control settings from DOS. These are
returned in the bx register which is then modified to tell DOS not to check for control characters.
Finaly, DOS s again called to implement the new control settings. Once the ieee file has been
opened and configured for RawMode, We are ready to communicate with Driver488/DRV .

IOCTL Read & Write

IOCTL Read and IOCTL Write provide a“back-door” communication channel to Driver488/DRV.
This alternate method of communication is normally used to send special commands (write) and
request status (Read) from Driver488/DRV .

Driver488/DRV recognizes only one 10CTL Write command: BREAK. When I0CTL write isused
to send BREAK to Driver488/DRV, it forces Driver488/DRV into a quiescent, ready state in which it is
waiting for anew command. The BREAk command also forcesthe EoL ouT terminators to their
default values. Thus Driver488/DRYV isreset so that it is ready and able to receive new commands,
regardless of what it was previously doing.

It is recommended that the BREAK command be sent before any other Driver488/DRV commands. In
assembly language, BREAK may be sent asindicated in the table.

brk DB “BREAK” ;BREAK command text
brklen EQU $-brk ;Length of BREAK command

mov AX, 4403h ;IOCTL Write function

mov BX, ieee ;File handle

mov CX, brklen ;# chars to send

mov DX, offset ;DS:DX -> command

brk
int 21h ;Execute DOS function
jec error ;Check for error

Thisisidentical to the BASIC command TocTL described in “ Section |11: Command References’ of
this manual.

The 10CcTL Read command is used to receive status from Driverd88/DRV. It receives asingle ASCII
character, either 0, 1, 2, or 3. The meaning of each responseis:
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0: A response of o indicates that Driver488/DRV isready to receive acommand. It hasno datato

read, nor isit expecting data for output to the IEEE 488 bus. Driver488/DRV isforced into this

state by the ocT. BREAK command.

e 1: Aresponseof 1 indicatesthat Driver488/DRV has a response ready to be read by the user’s
program. The program must read the response before sending a new command (except
IOCTL BREAK) Of 8 SEQUENCE - DATA HAS NOT BEEN READ €fTOr OCCUrS.

e 2. Aresponseof 2 indicates that Driverd88/DRV iswaiting for datato ouTpuT to the IEEE 488
bus. The user’s program must send the appropriate data with terminators as needed to
Driver488/DRV. Attempting to read from Driver488/DRV whileit is waiting for data causes a

SEQUENCE

- NO DATA AVAILABLE €fTOr.

e 3: Aresponseof 3 indicates that Driver4d88/DRV iswaiting for the completion of a command.
Thisissimilar to aresponse of 2 except that Driverd88/DRV iswaiting for acommand, rather than

for datato ouTPUT.

The 10CTL Read response can be read from Driver488/DRV as:

ioctlbufDB 0
ioctllenEQU $-ioctllen

; IOCTL Read response buffer
;Length of buffer

mov AX,4402h ; IOCTL Read

mov BX, ieee ;File handle

mov CX,ioctllen ;# chars to read

mov DX,offset ;DS:DX - buffer
ioctlbuf
int 21h ;Execute DOS function
jc error ;Check for error

Data & Command Communication

Once Driver488/DRV has been opened, configured for RawMode communication, and reset with the
IOCTL Write cOmmand BREAK, we are ready to communicate with Driver488/DRV and control the

|EEE 488 bus. The BASIC commands:

PRINT#1, "HELLO"
LINE INPUT#1,A$

might be implemented in assembly language as:

cr EQU 0Dh ;Carriage-return
1f EQU 0Ah ;Line-feed
hello DB “HELLO”, ,cr,,1f ;HELLO command with terminators
hellolen EQU $-hello ;HELLO command length
response DB 256 DUP (?) ;Place to put Driver488/DRV response
responselen EQ $-response ;Length of response buffer
recvdlen DW ? ;Place to keep # chars in response
mov AH, 40h ;DOS Write function
mov BX, ieee ;File handle
mov CX, hellolen ;Command length
mov DX, offset hello ;DS:DX - command
int 21h ;Execute DOS function
jec error ;Check for error
mov AH, 3Fh ;DOS Read function
mov BX, ieee ;File handle
mov CX, responselen ;Buffer length
mov DX, offset ;DS:DX - buffer
response
int 21h ;Execute DOS function
jec error ;Check for error

mov recvdlen, AX

;Save # of characters received

In this way, data and commands can be transferred to or from Driver488/DRV .
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ARM Condition Detection

It is sometimes desirable to be able to easily check for asynchronous bus conditions, such as Service
Request (sr@), without having to use the Driver488/DRV sTaTus command. This can be
accomplished by using the light pen interrupt emulation feature of Driverd88/DRV. When this feature
is enabled, Driver488/DRV preempts the normal function of the light pen BIOS status request interrupt.
Instead of returning the light pen switch status, this interrupt returns an indicator that is non-zero if any
of the arm conditions are true. See the ArRM command in “ Section I11: Command References’ for more
details about the conditions that can be checked.

8K. Other Languages

Checking the Driver488/DRYV light pen emulation statusis straight forward, asillustrated by the
following table.

mov AX,0400h ;Test light pen function
int 10h ;BIOS video interrupt

or AH,AH ;iCheck AH

jnz GotInt ;Non-zero means interrupt
mov AX,0400h ;Repeat the test

int 10h

or AH,AH

jnz GotInt

There are two items to notice about this routine: it uses the BIOS video interrupt 10h rather than the
DOS function call interrupt 21k, and it checks twice to seeif a condition has been detected. The test
must be repeated if T0CTL Read is used to check the Driver488/DRV status. IOCTL Read causesthe
light pen interrupt emulation to returnno interrupt status on the next status read, regardless of the
actual arm condition status. This allows the BASIC function oN PEN to operate properly, but requires
the status to be checked twice in other languages.

Sample Program

name DB” IEEE”, O ;Driver488/DRV device name
ieee DWO ;Place to hold Driver488/DRV file
handle
ioctlbufDB 0 ; IOCTL Read response buffer
ioctllenEQU $-ioctllen ;Length of buffer
cr EQU 0Dh ;Carriage-return
1f EQU 0Ah ;Line-feed
hello DB “HELLO”,,cr,,1lf ;HELLO command with terminators
hellolen EQU $-hello ;HELLO command length
response DB 256 DUP (?) ;Place to put Driver488 response
responselen EQ $-response iLength of response buffer
recvdlen DW ? ;Place to keep # chars in response
start mov Ah, 3Dh ;Open function
mov AL, 02 ;Access code = read/write
mov DX, offset name ;DS:DX-name
int 21h iExecute DOS function
jc error jError if carry set
mov ieee, AX ;Save file handle
mov AH, 3Eh iClose function
mov BX, ieee ;File handle
int 21h iExecute DOS function
jc error iCheck for error
mov AX, 4400h ;DOS GetDeviceData Function
mov BX, ieee ;File handle for Driver488/DRV
int 21h ;iExecute DOS function
mov DH, 0 iMust clear
or DL, 20h ;iSet “don’t check for control
characters” bit
mov AX, 4401h ;DOS SetDeviceData Function
mov BX, ieee ;File handle
int 21h iExecute DOS function
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brk

brklen

DB
EQU

mov
mov
mov
mov
int
jc

mov
mov
mov
mov

int
jec

mov
mov
mov
mov
int
jc

mov
mov
mov
mov

int
jc
mov

mov
int
or

jnz

mov
int
or

jnz

“BREAK”
$-brk

AX, 4403h

BX, ieee

CX, brklen

DX, offset brk
21h

error

AX, 4402h
BX, ieee

CX, ioctllen
DX, offset
ioctlbuf

21h

error

AH, 40h

BX, ieee

CX, hellolen

DX, offset hello
21h

error

AH, 3Fh

BX, ieee

CX, responselen
DX, offset
response

21h

error

recvdlen, AX

AX, 0400h
10h

AH, AH
GotInt

AX, 0400h
10h

AH, AH
GotInt

;BREAK command text
;Length of break command

;IOCTL Write function
;File handle

;# chars to send
;DS:DX -> command
;Execute DOS function
;Check for error

; IOCTL Read function
;File handle

;# chars to read
;DS:DX - buffer

;Execute DOS function
;Check for error

;DOS Write function
;File handle

;Command length
;DS:DX - command
;Execute DOS function
;Check for error

;DOS Read function
;File handle
;Buffer length
;DS:DX - buffer

;Execute DOS function
;Check for error
;Save # of characters received

;Test light pen function

;Video BIOS interrupt

iCheck AH

;Non-zero means interrupt detected

;Repeat the test
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8L. Language-Specific Information
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Aztec C

Use of Character Command Language
In order to simplify programming Driver488/DRV with C, the following files are provided on the

Driver488/DRV program disk:

e IEEEIO.C: Communications routinesfor Driver488/DRV

e IEEEIO.H: Header file, contains declarations from IEEEIO.C

e CRITERR.C: Critical error handler routines (included with Aztec C, only)
e CRITERR.H: Header file, contains declarations for using CRITERR

The actual demonstration program is contained in 195DEMo. ¢. All filesfor Aztec C arein the
\AzZTECC directory.

To execute the demonstration program, the files must be compiled and then linked. The following

DOS commands perform these steps:

C> cc 195demo
C> cc ieeeio
C> 1n 195demo ieeeio -1m -1lc

Finally, the demonstration program isrun by typing 195demo <Enters>. Notethat the critical error

handler (CRITERR. C) isnot required for the demonstration program.

CRITERR.C (for Aztec C)

Normally, when Driver488/DRV detects an error, perhaps due to a syntax error in acommand, or due
to an |EEE 488 bus error (such as time out on data transfer), it responds with an I/O error to DOS.

When this happens, DOS normally issues an ABORT, RETRY Of IGNORE message and waits for a

response from the keyboard. There is no way for the user’s program to detect such an error, determine
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the cause, and take appropriate action. However, DOS does provide a method of redefining the action
to be taken on such a“critical error”. CRITERR.ASM containsacritical error handler that, when
invoked, makes it appear to the calling program that some less-critical error has occurred. The critical
error handler isinstalled by criT on() and removed by crIT oFF (). Thecritica error handler is
also automatically removed by DOS when the program exits.

The following program fragment demonstrates the use of the critical error handler:

#include “criterr.h”

crit on(ieee);

if (ieeewt (“output 16;F0X”) == -1) {
printf (“Error writing FO0X to device 16, \n”);
crit off();

ioctl wt(ieee,"break",5);

ieeewt (“eol out 1lf\r\n”);

ieeewt (“status\n”);

ieeerd (response) ;

printf (“status = %s\n”,response);
crit on(ieee);

}

We must first #inc1lude the header file with the definitions of the critical error routines. We then
enable critical error trapping with crRIT oN which takes as a parameter the handle of the file for which
critical error trapping isto be enabled. Only read and write commands to that handle are trapped.
Errors caused by other actions, or associated with other files are not trapped. Error trapping may only
be enabled for onefile at atime.

Now, if IEEEWT signals an error by returning a -1, we can check what happened. Wefirst PRINTF an
error message, then we turn critical error trapping off with crIT oFF so that, if another critical error
occurs, we get the ABORT, RETRY OF IGNORE message and know a catastrophic double error has
occurred. Wethen rocTL_wT (_ BREAK ) to force Driver488/DRYV to listen to our next command.
The rocTL WT also resetsthe EoL ouT terminator so we can be sure that Driver488/DRV detects the
end of our commands. We next reset the EoL  ouT terminator to our preferred line feed only and ask
Driver488/DRYV for its status. On receiving the response, we could interpret the status and take
whatever action is appropriate. However, in this example, we just display the status. Finaly, we re-
enable the critical error handler and continue with the program.

GW-BASIC (for GW-BASIC or Interpreted BASIC)

Use of Direct DOS 1/O Devices

Once Driver488/DRV has been installed in your system, it is ready to begin controlling IEEE 488 bus
devices. To show how thisis done, we develop a short program in BASIC to control aKeithley
Instruments Model 195 digital multimeter. The complete sample program is provided on the
Driver488/DRV disk as 195DEMO. BAS in the \MsBasIcC directory.

BASIC VARPTR & SADDR

TheBasIc varpTR and saDpDR functions must be used with caution. Thefirst time avariable such as
I or sT$ isencountered, or an array such asr% () isdimensioned, space is made for itin BASIC'sdata
space. The other variable or arrays may be moved to make room for the new item. If the memory
location of an item must be fixed, then BASIC cannot be allowed to encounter any new variables or
arrays. For example, in the ENTER statement shown above, Driver488/DRV istold the memory address
of rR$ (for GW-BASIC, R% (0) ). Then, while the transfer is going on, the Driver488/DRV statusis read
into the string variable sT$. If sT$ has not been used previously then BASIC would have to create a
new sT$ and might move r$. Of course, Driver488/DRV would have no way of knowing that R$ has
been moved, and the data would not be placed correctly into rs.
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GET & PUT (for GW-BASIC only)
Users of GW-BASIC and/or Interpreted BASIC can aso manipulate two commands not available in
QuickBASIC: GeT and puT, as detailed in the following paragraphs.

The BASIC 1nPUT and PRINT Statements communicate with Driver488/DRV one character at atime.
That is, the PRINT statement breaks up each command into single characters and transfers those
characters separately to Driver488/DRV, and the INPUT Statement reads one character at atime from
Driver488/DRV until it detects the carriage-return and line-feed that marks the end of theline. Itis
more efficient, especialy for long transfers, to read and write blocks of characters. The ceT and puT
statements can be used to gain thisimproved efficiency.

GET and puT are normally used to communicate with fixed-length random access files.
Driver488/DRV can be accessed as a random accessfile:

100 OPEN “\DEV\IEEE” FOR RANDOM AS #3

This opens the third Driver488/DRV name, 1EEE, for 1/O as a random access file with 128-byte
records. (The other two names. IEEEOUT and IEEEIN, are used for PRINT and INPUT).

BASIC normally limits the number of opened filesto 3. Opening additional files can cause a

TOO MANY FILES efror. If you should get such an error, you might need to save your program, leave
BASIC (with the sysTEM command), and reenter BASIC specifying a /F: n parameter. See your
BASIC reference manual for more details.

JPI1 TopSpeed Modula-2

Use of Direct DOS 1/O Devices

Once Driver488/DRV has been installed in your system, it is ready to begin controlling |EEE 488 bus
devices. To show how thisis done, we develop a short program, in JPI TopSpeed Modula-2 and
Logitech Modula-2, to control a Keithley Instruments Model 195 digital multimeter. The techniques
used in this program are quite general, and apply to the control of most instruments.

In order to simplify programming Driver488/DRV with Modula-2, the following files are provided on
the Driver488/DRV program disk:

e IEEETO.MoD:. Communication routines for Driver488/DRV.
e IEEEIO.DEF. Declaration filefor IEEETO.MOD.

The actual demonstration program is contained in K195DEMO . MoD. A Modula-2 version of the
keyboard controller program is also included.

Logitech Modula-2

Use of Direct DOS 1/0O Devices

Once Driver488/DRV has been installed in your system, it is ready to begin controlling IEEE 488 bus
devices. To show how thisis done, we develop a short program, in JPI TopSpeed Modula-2 and
Logitech Modula-2, to control a Keithley Instruments Model 195 digital multimeter. The techniques
used in this program are quite general, and apply to the control of most instruments.

In order to simplify programming Driver488/DRV with Modula-2, the following files are provided on
the Driver488/DRV Program disk:

e CHARDEV.MOD: General purpose character device 1/O routines.
e CHARDEV.DEF. Declaration file for CHARDEV . MOD.

e IEEEIO.MOD: Communication routinesfor Driver488/DRV.

e IEEEIO.DEF. Declaration filefor IEEEI0.MOD.

The actual demonstration program is contained in k195DEMO . MOD. A Modula-2 version of the
keyboard controller program is also included.
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True Basic

Use of Character Command Language

In order to simplify programming Driver488/DRV with True Basic, the following files are provided on
the Driver488/DRV program disk in the TRUEBAS directory:

IEEEIO.TRU

IEEEIO.TRU: Communications routines for Driver488/DRV.
IEEEIO.TRC: Compiled version of IEEEIO. TRU.
TOOLKIT.LIB: Utility routinesfrom the True Basic Developer’s Toolkit.

KYBDCTRL.TRU: True Basic version of the Keyboard Controller Program.

The 1EEETIO0. TRU file contains several useful declarations and functions, many of which have been
used in the 195DEMO example program. It isdivided into two modules: Dos10 and IeeeIo.

TOOLKIT.LIB

DosI0 includesinterfacesto several MS-DOS (or PC-DOS) function requests. It requiresthe
functions from the True Basic Developer’s Toolkit that are included in ToolKit.Lib. They are:

Def Read(handle,bufseg,buflen)
Def Write(handle,bufseg,buflen)
Def IoctlRead (handle,bufseg,buflen)
Def IoctlWrite(handle,bufseg,buflen)

These routines read and write to a character device such as Driver488/DRV. They each take the
following file handle returned by oPEN, as the arguments handle: bufseg, the segment address of
the data buffer to read or write, and buflen, the length of the data buffer.

TIeeeIO includes routines for the convenient control of Driver488/DRV.

TOOLKIT.LIB containsfour routinesfrom the True Basic Developer’s Toolkit: convert, Interrupt,
Signal e ,and String ptr.

Convert (from HEXLIB.TRC) is used to convert hexadecimal string constants such asH3D02 into
numeric form.

Interrupt (fromDosSLIB.TRC) isused to call low-level DOS and BIOS functions.
Signal e (fromDoOSLIB.TRC) interpretsany error codes returned by Interrupt.

String ptr (from DOSLIB.TRC) returnsthe segment address of astring variable. The text of the
string is located at an offset of 8 from the segment address.

More information about these routines, as well as other useful routines are included in the True Basic
Developer’s Toolkit, available from True Basic.

If you aready have the Developer’s Toolkit, you can substitute HEXLIB. TRC Or DOSLIB.TRC library
statements for the TooLk1T.LIB library statementsin these routines.

Turbo Basic

Use of Character Command Language

In order to simplify programming Driver488/DRV with Turbo Basic, the following files are provided
on the Driver488/DRV program disk in the \TurRBOBAS directory:
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e IEEEIO.BAS: Communicationsroutinesfor Driver488/DRV.

e IEEEIO.ASM: Assembly language filefor direct DOS access without Turbo Basic interference.
e IEEEIO.COM: Executableversionof IEEEIO.ASM.

e KYBDCTRL.BAS. Turbo Basic version of the Keyboard Controller Program.

The actual demonstration program is contained in 195DEMO . BAS. These examples also require the file
REGNAMES . INC which isincluded with Turbo Basic.

8M. Data Transfers
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Terminators

Every transfer of data, between a program and Driver488/DRV, or between Driver488/DRV and a bus
device, must have adefinite end. Thisisacommon requirement in most systems. For example, most
printers do not print aline until they receive the carriage return that ends that line. Similarly, aBASIC
INPUT Statement waits for the <Enter> key to be pressed before returning the entered datato the
program. The only time that some terminator is not required is when the number of characters that
compose the data is known in advance or istransferred along with the data. Thisisthe case, for
example, when fixed-length records are read from a random access disk file.

Driver488/DRV actually uses four terminators:

e Theend-of-line (EoL) terminator for output from the program to Driver488/DRV.
e Theend-of-line (EoL) terminator for input to the program from Driver488/DRV.
e Thedataterminator (TERM) for output to bus devices from Driver488/DRV.

e Thedataterminator (TERM) to input from bus device into Driver488/DRV.

End-Of-Line (EOL) Terminators

The oL terminators mark the end of character strings transferred between the user’s program and
Driver488/DRV. The EoL output terminator marks the end of strings transferred from the user’s
program to Driver488/DRV, and the EoL input terminator marks the end of strings transferred into the
user’s program from Driver488/DRV.

The oL terminators normally consist of one or two ASCI| characters. The characters do not need to
be printable. In fact they are usually special characters such as carriage return and line feed. Also,
input and output terminators need not be the same.

It is possible to specify that no characters are to be used as EoL terminators. If the EoL output
terminator is set to NoNE, then Driver488/DRV assumes that it receives an entire command in each
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transfer, and when the EoL input terminator is set to NoNE, Driver488/DRV does not append any
charactersto the returned data.

Driverd88/DRV senses the EoL output terminator to detect the end of a command or, in the case of the
ouTPUT data command, to detect the end of the data. Most commands have many different variations.
It is the EoL output terminator that lets Driver488/DRV know when the command has been completely
received and is ready for execution. Without the EoL output terminator, there would be no way of
determining when one command ends and the next begins.

Driver488/DRV provides the EoL input terminator to the user’s program so that the program is able to
detect the end of aresponse. For example, BASIC needs to receive a carriage-return and line-feed
combination when using the INPUT statement to receive aresponse from Driver488/DRV .
Driver488/DRV automatically provides this EOL input terminator to the program.

For most programming languages, in most situations, both input and output Eox terminators should be
carriage-return line-feed (cR LF). These are the default values set up by INSTALL, but they can be
changed by using the INsTALL program. The EoL output terminator should be set to whatever is
conventionally sent at the end of a PRINT or equivalent statement to Driver488/DRV, and the EoL
input terminator should be set to whatever is required at the end of aline of input from
Driver488/DRV.

As mentioned previoudly, the EoL output terminator is used to delimit the data portion of an ouTpuT
command. If, inthe ouTpuT command, no character count is specified, the EoL output terminator does
delimit data. However, if acharacter count is specified, Driverd88/DRV will accept exactly that
number of characters from the program for output to the bus, even if the oL output terminator is
among those characters. Furthermore, if a character count is not specified, the TErRM output terminator
will be sent to the bus devices after the data. If a character count is specified, nothing will be sent to
the bus except the exact characters that were sent from the program. For example:

PRINT#1, "OUTPUT10; ABC"

sendsSABC <TERM output terminators todevice 10, while

PRINT#1, "OUTPUT10#5; DEF"

SendsDEF <CR><LF> to device 10 because BASIC will send a carriage return and line feed
(<crR><LF>) at the end of the command, and a character count of 5 was specified.

The EoL input terminator delimits character strings returned to the program by Driver488/DRV .
However, if the character count is specified in an ENTER command, then exactly that number of
characters, without the EoL input terminator appended, will be returned to the program. In this case,
the normal INPUT statement will not be able to read the data from Driver488/DRV. Instead, afunction
like INPUTS (count, £ile) that reads a specific number of characters, must be used. For example,
the following statements :

PRINT#1, "ENTER 16"
INPUT#2,A$

read aline of datafrom device 16, while the following :

PRINT#1, "ENTER 16#10"
A$=INPUTS (10,2)

statements read exactly 10 characters from device 16. Finally, the EoL terminators are not used in
BUFFERED transfers, either ENTER Or OUTPUT.

EOL IN NONE

As mentioned above, the input or output EoL terminators may be set to NoNE. To understand how
communication with Driver488/DRYV is possible without terminators, it is necessary to understand in
more detail how programs communicate with Driver488/DRV.

When a program sends information to Driver488/DRV, it usesan MS-DOSwrite Data command. It
tells DOS where to send the data (to Driverd88/DRV), the number of charactersto send (from 1 to
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65,535 characters), and where the dataisto be found in memory (the address of the data buffer). For
example, in C:

ieeewt (“HELLO\r\n”) ;
calswrite Data, telling it to send 7 charactersto Driver488/DRV. In contrast, the BASIC command
PRINT#1, "HELLO"

causesthe DOSwrite Data command to be called 7 times, once for each character of the command,
and once for each carriage return and line feed that terminate the command. Eachtimewrite Datais
called it istold to write just one character to Driver488/DRV from a specified location in memory.
Whether written all at once, or one character at a time, the command is transferred to DOS to be passed
to Driver488/DRV.

Once DOS has been told to write some data to Driver488/DRV, it calls Driver488/DRV with
essentially the same information that the program had told DOS: a command code that specifieswrite
Data, acharacter count, and the location of the data. Driver488/DRV responds to DOS by processing
the data and returning the number of characters that have been accepted along with any error indicators.

When a program requests information from Driver488/DRV, it usesan MS-DOS Read Data
command. It tells DOS where to get the data (from Driver488/DRV), the size of the data buffer (from
1to 65, 535 characters), and where the datais to be put in memory (the address of the data buffer). In
BASIC, for example, the command:

LINE INPUT#1,A$

causes the DOS Read Data command to be called repeatedly, reading one character at atimeinto a$
until the carriage-return and line-feed combination that marks the end of the line, isread. Conversely,
inC:

ieeerd (response) ;

calsread Dpata oOnly once, requesting as many characters as there are in the array response.

When DOS has been told to read some data from Driver488/DRV, it calls Driver488/DRV with
essentially the same information that the program has told DOS: a command code that specifies Read
Data, acharacter count, and the location of the data buffer. Driver488/DRV respondsto DOS by
filling some or al of the data buffer, and returning the number of characters that have been read along
with any error indicators. DOS then returns the number of characters read to the calling program.

If EoL IN NONE is specified, Driver488/DRV never appends terminators to data being read by the
program. This means that the program cannot search for a specified character or combination of
characters to know when to stop reading. Hence, EOL IN NONE cannot be used in languages such as
BASIC or Turbo Pascal which require carriage return and line feed at the end of input lines.
Languages such as C or True Basic, that use MS-DOS calls to communicate with Driver488/DRV, can
USe EOL IN NONE by using the following procedure:

1. Read datafrom Driver488/DRV into a buffer of reasonable size (typically 64 to 1024 bytes long).
DOS returns to the program the number of bytes read.

2. If the number of bytesread is less than the length of the buffer, then the reading is done.
Otherwise, go on with step 3.

3. Usethe roctL function to check if Driver488/DRV has more information available. If it does
(zocTL returned a1, ASCII 31h), then go to step 1 to read more datainto a new buffer.
Otherwise, the reading is done.
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The following C code fragment reads data using the above procedure:
#define bufsize 256

char response[bufsize], /* holds read data */
ioctlbuf [1]; /* holds IOCTL status */
int len, /* number received this time */
total=0; /* total received */
do {len=ieeerd(response); /* read some data */
if (len==-1) {...error...} /* check for error */
total += len; /* add len to total */
/* process len characters at this point */
if (len<bufsize) break; /* done if partial */

ioctl rd(ieee,ioctlbuf,1); /* repeat while more */
} while (ioctlbuf=='1");

Notice that the ability to use EOL. IN NONE requires the ability to use the character count returned by
the DOS Read Data command, and the ability to check Driver488/DRV status using zocTL. The
advantage of using EOL IN NONE isthat only datais returned to the program. Driver488/DRV does
not have to add terminators to the data, and the program does not need to search for terminators to
know the amount of data it received.

RawM ode Communication

When communicating with character devices, DOS normally checks the transferred data for control
characters such as x-oN, x-oFF and control-z. However, when communicating with
Driverd88/DRV, thisisnot desirable. Firgt, it might interfere with control characters that are supposed
to be transferred to or from Driver488/DRV. Second, and more importantly, when DOS is checking
for control characters, it only transfers one character at atime to or from Driver488/DRV. Thisis
much less efficient than transferring large blocks of data. Therefore, whenever possible DOS should be
configured not to check for control characters when communicating with Driverd88/DRV. Thisis
typically accomplished by afunction called rRawMode in the language-specific support files (such as
IEEEIO.C) provided with Driverd88/DRV. The assembly-language fragment, provided in the
following table, performs this function.

mov AX,4400h ;DOS Get Device Data Function

mov BX, ieee ;File handle for Driver488/DRV

int 21h ;Execute DOS function

mov DH, 0 ;Must clear DH

or DL, 20h :Set “don’t check for control characters” bit
mov AX,4401h ;DOS Set Device Data Function

mov BX, ieee ;File handle

int 21h ;Execute DOS function

Thefirst part of this code fragment reads the current device control settings from DOS. These are
returned in the px register which is then modified to tell DOS not to check for control characters.
Finaly, DOSis again called to implement the new control settings.

RawMode can greatly improve the efficiency of communication with Driver488/DRV, and should be
used whenever possible, but it is not required unless EOL OUT NONE isto be used.

EOL OUT NONE

Once DOS has been told not to check for control characters, and we have chosen a programming
language (such as C or True Basic, but not BASIC) that can send an entire command in one DOS
Write Data call, we can Use EOL OUT NONE SO that we do not have to append termination characters
to Driver488/DRV commands.

If EOL. OUT NONE is specified, Driver488/DRV assumes that the data it receives from DOS isthe
complete command. Obviously, EOL ouT NONE cannot be used with the BASIC pRINT# Statement
because PRINT# transfers characters one at a time to DOS, which passes them along individually to
Driver488/DRV. Commands are not given to Driver488/DRV in asingle transfer. Even when the
language does pass the command to DOS in asingle transfer, DOS does not pass the command to
Driver488/DRYV in one transfer unless we have configured DOS to use RawMode as described above.
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EOL oUT NoNE does eliminate the inconvenience of appending terminators to Driver488/DRV
commands, but it does require that the entire command be contained in one transfer. Without Eor. ouT
NONE it is possible to split along Driver488/DRV command into several, smaller phrases:

ieeewt (“"ENTER 16 #1000 ”);
ieeewt ("BUFFER &HB800:0 ”);
ieeewt (“CONTINUE\n”) ;

which would have to be combined into a single transfer with EOL. OUT NONE :
ieeewt (“"ENTER 16 #1000 BUFFER &HB800:0 CONTINUE”) ;

TERM Terminators

Just as the EoL terminators delimit the end of strings transferred between the user’s program and
Driver488/DRV, the TERM terminators delimit the end of strings transferred between Driver488/DRV
and bus devices. The TERM output terminator marks the end of strings transferred from
Driver488/DRV to bus devices, and the TERM input terminator marks the end of strings transferred into
Driver488/DRV from bus devices.

The TERM terminators differ from the EoL terminators in one important aspect. While the EoL
terminators are composed of one or two characters, the TErRM terminators can include the | EEE 488 bus
end-or-identify (Eox) signal. The oz signal, when asserted during a character transfer, marks that
character asthe last of the transfer. This allows the detection of the end of data regardless of which
characters comprise the data. Thisfeature is very useful in binary data transfers which might contain
any ASCII values from o to 255.

To support the Eoz1 signal, the TERM input and output terminators can be composed of just Eoz, one or
two characters, or one or two characterswith eox. If 2ot is specified, it has adightly different
meaning on input than on output.

When eoz1 aloneis specified as the TERM output terminator, the Eox bus signal is asserted during the
last data character transmitted. If 2oz is specified with one or two characters, then Eoz is asserted on
the last of the characters. In thisway, Eo1 is asserted on the last character transmitted to the bus
device.

When Eoz aloneis specified as the TERM input terminator, then all the characters received from the bus
device, including the one on which o1 was asserted are returned to the user’s program. When one or
two characters are specified, without £oz, all the characters up to, but not including, the TERM input
terminator characters, are returned to the program. However, if both Eox and characters are specified,
the following considerations apply:

e |f Eo1 isreceived, and the complete terminator character sequence has not been received (even if
the first of the two characters has been received), then all the received characters are returned to
the program.

e |f the complete terminator character sequence has been received, with or without Eox asserted on
the last character, then only the characters up to but not including the terminator characters are
returned.

e |f only one character is specified for input termination, the complete terminator character sequence
consists of just that one character, but if two characters are specified, then it consists of both
characters, received consecutively.

During normal outpuT, without a specified character count or buffer, the oL output terminator
received by Driverd88/DRV is replaced by the TErM output terminator before sending the data to the
bus devices. During normal ENTER, the TERM input terminator received by Driver488/DRYV is replaced
with the EoL input terminator before being returned to the program. In thisway, the program
communicates with Driver488/DRV using the EoL terminators, and Driver488/DRV communicates
with bus devices using the TERM terminators.

See the ENTER and ouTrpuT command descriptionsin the following text, and in “ Section I11: Command
References’ for more information.
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Direct 1/0 & Buffered 1/0

Direct 1/0O is communication through the use of the PRINT and INPUT statements, or their equivalent.
Direct 1/0 isthe simplest method of communicating with Driverd88/DRV and, through it, with bus
devices. However, direct 1/0O has arelatively large overhead and so, for large data transfers, buffered
I/Oispreferable. In buffered I/O, the program tells Driver488/DRV where in memory to find or put
the data and Driver488/DRV takes care of the actual transfer.

Direct Bus OUTPUT

The outpuT command sends data to bus devices. For example, the statement
PRINT#1, "OUTPUT 05;SP1;"

sends the characters sp1; to device 5. Thisisan example of direct I/O as the datais communicated
directly to Driver488/DRV through the pRINT statement. As discussed above, Driver488/DRV
recognizes the EoL output terminator as the end of the data and sends the TERM output terminator in its
place after sending the data. Binary direct output is also possible. For example, the following
statements send all 256 ASCII characters:

PRINT#1, "OUTPUT 05 #256;";
FOR I=0 TO 255
PRINT#1,CHRS (I) ;

NEXT I

Thefirst statement tells Driver4d88/DRV to expect 256 charactersto follow that are to be sent to device
5. Notice the semicolon (;)just after the #256. This marks the end of the actual ouTpuT command
and the start of the data. The semicolon at the end of the line tells BASIC not to send anything else,
such asthe normal carriage-return and line-feed combination, after sending the quoted characters. The
next three lines send the 256 ASCII charactersfrom o to 255 in order, to Driver488/DRV for transfer
to device 5. The semicolon at the end of the third line has the same function as the semicolon at the
end of thefirst line: it prevents BASIC from sending any extra characters. In thisexample, we are
performing a binary transfer. Driver488/DRV knows how many characters are to be transferred and
neither requires oL output terminators to end the command, nor sends TERM output terminators to the
bus device. The dataistransferred to the bus device exactly as sent from the program.

Direct Bus ENTER

The ENTER command is used to read data from bus devices. For example, the statements:

PRINT#1, "ENTER 16"
INPUT#2,A$

read data from device 16 and store the returned datain the a¢ variable. Thisisan example of direct
ENTER input since the data received from the bus is read into the program via the INpuT Statement that
reads the result directly from Driver488/DRV. As discussed above, Driver488/DRV accepts data from
device 16 until it detects the TERM input terminator. It replaces the TERM input terminator with the oL
output terminator and returns the result to the program. BASIC accepts the data just asit accepts
character datafrom any file. Thisalows usto use the varieties of BASIC input statements to control
how the dataisreceived. For example, if the data read form the device isin the form of avalid number
then we can read it as a number:

PRINT#1, "ENTER 16"
INPUT#2,N

Or, if the data consists of several values separated by commas, we can read it as several values:

PRINT#1, "ENTER 16"
INPUT#2,A$,N,BS, I

Or, if we want to read the entire input, even if it includes commas or other special characters, we can
Use LINE INPUT:

PRINT#1, "ENTER 16"
LINE INPUT#2,L$
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Finally, just as we can perform direct binary ouTpuT, we can also perform direct binary ENTER:

PRINT#1, "ENTER 16#128"
A$=INPUTS (128, 2)

When performing a binary ENTER, Driverd88/DRV does not check for TERM input terminators when
reading from the bus, nor does it provide EoL input terminators to the program. The datais returned to
the program just asit is received from the bus device. The InpuT$ function which is designed to read
a specific number of characters from afile or device, isideal for reading the result from
Driver488/DRV. Note that a normal InpUT statement does not work, as Driver488/DRV does not
provide the EoL input terminators on binary ENTERS.

Buffered I/O

In buffered 1/O, the program does not transfer data to or from Driver488/DRV. All it doesis send the
address and quantity of datato be transferred, and Driver488/DRV takes care of the details of the
transfer. The program must be able to tell Driver488/DRV when in memory to find the data. In other
words, it must be able to provide Driver488/DRV with the actual memory address of the buffer. In
BASIC, the capability is partially provided by the varpTR function. VARPTR returns a number from o
to 65, 535 giving the address of its argument. For example:

PRINT VARPTR (A%(0))

prints the address of the first byte of the A% array. This address, however, isrelative to the start of
BASIC's data segment.

The first three statements ask Driver488/DRV for the location of its callable subroutines, and configure
BASIC (viathe DEF sEG statement) to be ableto call them. The offset of GET.SEGMENT, whichis
0, from the start of the IEEESEG area must be specified, and then GET . SEGMENT can be called. The
VARSEG function is used in asimilar manner to determine the value of the BASIC data segment. This
data segment value remains fixed during program execution, and so these statements need only be
performed once to set the value of the data segment.

With the data segment value determined, and the vARPTR function able to find the of £setsinto that
segment, We are able to completely specify the memory address of any BASIC variable or array.
However, character string variables, such asas, are not stored in the same manner as numeric variables
and are not recommended for BUFFERED |/O.

Thefollowing isatypical BUFFERED ENTER command:

DIM W% (10)
PRINT#1, "ENTER 12 #20 BUFFER"; VARSEG(W%(1)); “:”; VARPTR (W% (1))

The prRINT statement in this example sends to Driver488/DRV the command (ENTER), the bus device
address (12) and number of bytes to transfer (20), the BUFFER keyword, the segment

(VARSEG (W% (1)), acolon character (:) that lets Driver488/DRV know that the memory addressis
given asa segment followed by an of£set, and the of £set (VARPTR (W% (1)). |f BASIC'S segment
and offset tOwWs (1) are 2540 and 1320, respectively, then the PRINT statement would send:

“ENTER 12 #20 BUFFER 2450:1320”"

to Driver488/DRV. Thisgives Driverd88/DRV all the information it needs to be able to transfer the
received data directly into the ws array.

BUFFERED OUTPUT iSalso possible. For example, say we wanted to send the data just received in the
example above to adevice 17. We would use the following command:

PRINT#1, "OUTPUT17 #20 BUFFER"; VARSEG(W%(1)); “:”; VARPTR(W%(1))

Normally, BUFFERED |/O is performed without any terminator detection. However, it is possible to
explicitly specify that the ENTER should stop on detection of oz, or on detection of EoT or some
single character. For example, if we want to terminate on EOI:

PRINT#1, "ENTER 12#20 BUFFER"; VARSEG(W%(1));“:”; VARPTR(W% (1)) ;“EOI”
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Thisreads datainto w until either 20 characters have been received, or Eo1 has been detected.
However, if Eo1 causes the transfer to stop, we can discover how much data has been received by using
the BUFFERED command:

PRINT#1, "BUFFERED"
INPUT#2,N

The number of bytestransferred isread into N. Now we can use this value to send the read data out to
device17:

PRINT#1, "OUTPUT17#";N; "BUFFER" ; VARSEG (W% (1)) ; " : " ; VARPTR (W% (1) ) ; "EOI"
Note that the variable n has been used in place of the literal 20 to specify how many bytes to transmit.

Clearly, BUFFERED |/O is more complex than simple direct I/O. However, it can be very useful.
BUFFERED |/O is hormally much faster than direct 1/O because the characters go directly from memory
to the bus under the control of Driver488/DRV without the intervention of BASIC or DOS. Also,
BUFFERED |/O is not limited by the 255-character limit on INPUT$ that can hinder binary ENTERS.

Asynchronous Transfers

Driver488/DRV can return to the user’s program while atransfer isin progress. Thisis useful
whenever the transfer takes a substantial amount of time, and other processing could proceed while
waiting. For example, suppose a certain bus device can transfer only 1000 bytes per second. If there
are 10,000 bytesto transfer, it takes 10 seconds to compl ete the transfer. The following statements
might be used to receive this data:

DIM R%(5000)

PRINT#1, "ENTER 09 #10000 BUFFER"; DS%;
“:”; VARPTR(R%(1)); “CONTINUE”

Now do other work while
the transfer is continuing

PRINT#1, "WAIT"

The conTINUE keyword tells Driver488/DRYV to return to the program after setting up the transfer.
The program is then free to do other processing, aslong asit does not need access to the IEEE 488 bus.
Finally, when the program is ready to process the received data it performs awazT to check that the
data has been completely received. In thisway, cONTINUE transfers overlap |IEEE 488 bus data
transfers with program execution.

The use of DMA and interrupts requires proper hardware and software configuration. For more
information, refer to the Sub-Chapter “Installation & Configuration” early in this Chapter.
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Introduction

There are four types of |EEE 488 bus devices: Active Controllers, Peripherals, Talk-Only devices, and
Listen-Always devices:

o Insimple systems, Talk-Only and Listen-Always devices are usually used together, such as a Talk-
Only digitizer sending resultsto a Listen-Always plotter. In these systems, no Controller is needed
because the Talker assumesit isthe only Talker on the bus, and the Listener(s) assume they are all
supposed to receive all data sent over the bus. Thisisasimple and effective method of
transferring data from one device to another, but is not adequate for more complex systems where,
for example, one computer is controlling many different bus devices.

e Inmore complex systems, the Active Controller sends commands to the various bus Peripherals,
telling them what to do. The controller sends bus commands such as: Unlisten, Listen
Address Group, Untalk, and Talk Address Group to specify which device(s) send data, and
which receiveit.

When an |EEE 488 bus system isfirst turned on, some device must be the Active Controller. This
deviceisthe System Controller and always keeps some control of the bus. In particular, the System
Controller controls the Interface Clear (1Fc) and Remote Enable (REN) bus management lines. By
asserting Interface Clear, the System Controller forces all other bus devicesto stop their bus operations,
and regains control as the Active Controller.

Operating Mode Transitions

The System Controller isinitially the Active Controller. It can, if desired, Pass Control to another
device and thereby make that device the Active Controller. Notice that the System Controller remains
the System Controller even when it is not the Active Controller. Of course, the device to which control
is passed must be capable of taking the role of Active Controller. 1t would make no sense to try to pass
control to a printer. Control should only be passed to other computers that are capable, and ready, to
become the Active Controller. Note further that there must be exactly one System Controller on the
IEEE 488 bus. All other potential controllers must be configured as Peripherals when they power up.

The state diagram which follows, shows the relationships between the various operating modes. The
top half of the state diagram shows the two operating states of a System Controller. At power on, itis
the active controller. It directs the bus transfers by sending the bus commands mentioned previoudly.
It also has control of the Interface Clear and Remote Enable bus lines. The System Controller can
pulse Interface Clear to reset al of the other bus devices.

Furthermore, the System Controller can pass control to some other bus device and thereby become a
Peripheral to the new Active Controller. If the System Controller receives control from the new Active
Contraller, then it once again becomes the Active Controller. The System Controller can also force the
Active Controller to relinquish control by asserting the Interface Clear signal.

System Controller (SC)

Active
System
Controller

SC CA

1 - Control passed from Active System Controller
to System Controller, Not Active.

System
Controller,
Not Active

X SC -*CA

2 - Active System Controller receives or

asserts interface clear. T
Power On N v
) Controller Active (CA) Peripheral (*CA)
3 - Active Controller, Not System Controller
passes control or detects interface clear. 1 ) _Power On

Active ¢
Controller,

Not System
Controller

Peripheral,
Not System

4 - Active Controller, Not System Controller Controller

receives control.

X\ *SC-*CA

*SC-CA

Note: The numbers above(l thru 4) refer to the
diagram's corresponding flow arrows. \ Not System Controller (*SC)

1IEEE 488 Bus Operating Modes State Diagram
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The bottom half of the state diagram shows the two operating states of a Not System Controller device.
At power on, it is a Peripheral to the System Controller which isthe Active Controller. If it receives
control from the Active Controller, it becomes the new Active Controller. Even though it isthe Active
Controller, it is gtill not the System Controller. The System Controller can force the Active Controller
to give up control by asserting Interface Clear. The Active Controller can aso give up control by
passing control to another device, which may or may not be the System Controller.

In summary, a bus deviceis set in hardware as either the sole System Controller in the system, or asa
non-System Controller. At power on, the System Controller isthe Active Controller, and the other
devices are Peripherals. The System Controller can give up control by Passing Control, and can regain
control by asserting Interface Clear, or by receiving control. A Peripheral can become the Active
Controller by receiving control, and can give up control by passing control, or on detecting Interface
Clear.

System Controller Mode

The most common Driver488/DRV configuration is as the System Controller, controlling several IEEE
488 bus instruments. In this mode, Driver488/DRV can perform all the various | EEE 488 bus
protocols necessary to control and communicate with any |EEE 488 bus devices. Asthe System
Controller in the Active Controller mode, Driver488/DRV can use all the commands available for the
Active Controller state, plus control the Interface Clear and Remote Enable lines. The available bus
commands and their actions are:

Command Action

ABORT Pulse Interface Clear.

LOCAL Unassert Remote Enable, or send Go To Local to selected devices.
REMOTE Assert Remote Enable, optionally setting devices to Remote.
LOCAL LOCKOUT Prevent local (front-panel) control of bus devices.

CLEAR Clear all or selected devices.

TRIGGER Trigger selected devices.

ENTER Receive data from a bus device.

OUTPUT Send data to bus devices.

PASS CONTROL Give up control to another device which becomes the Active Controller.
SPOLL Serial Poll abus device, or check the Service Request state.

PPOLL Parallel Poll the bus.

PPOLL CONFIG Configure Parallel Poll responses.

PPOLL DISABLE Disable the Parallel Poll response of selected bus devices.

PPOLL UNCONFIG | Disablethe Paralel Poll response of all bus devices

SEND Send low-level bus sequences.

RESUME Unassert Attention. Use to allow Peripheral-to-Peripheral transfers.

System Controller, Not Active Controller Mode

After passing control to another device, the System Controller is no longer the Active Controller. It
acts as a Peripheral to the new Active Controller, and the allowed bus commands and their actions are
modified accordingly. However, it still maintains control of the Interface Clear and Remote Enable
lines. The available bus commands and their actions are:

Command Action

ABORT Pulse Interface Clear.

LOCAL Unassert Remote Enable.

REMOTE Assert Remote Enable.

ENTER Receive data from a bus device as directed by the Active Controller.
OUTPUT Send data to bus devices as directed by the Active Controller.
REQUEST Set own Serial Pall request (including Service Reguest) status.
SPOLL Get own Seria Poll request status.

As abus Peripheral, Driverd88/DRV must respond to the commands issued by the Active Controller.
The controller, for example, can address Driver488/DRV to Listen in preparation for sending data.
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There are two ways to detect our being addressed to Listen: through the sTaTUs command, or by
detecting an interrupt with the ARM command.

The sTaTus command can be used to watch for commands from the Active Controller. The Operating
Mode, which isa »p~ while Driver488/DRYV is a Peripheral, changesto a »c~ if the Active Controller
passes control to Driver488/DRV. The Addressed State goes from Idle “I” tO Listen “L” Of Talk
wr~ if Driverd88/DRV is addressed to Listen or to Talk, and goes back to 1pLE 1~ when the Active
Controller issuesunlisten (UNL), Untalk (UNT), Or specifies another Talker Address Group
(Tag). The TRIGGER “T1” and CLEAR “c1” indicators are set when Driver488/DRV istriggered or
cleared, and reset when sTaTus isread. The Address Change indicator is set to CHANGE “@1” when
the Addressed State changes. These indicators allow the program to sense the commands issued to
Driver488/DRV by the Active Controller.

The various sTaTus indicators and their descriptions are provided in the following table:

STATUS Indicator Description

“P” (Peripheral) Driver488/DRV isin the Peripheral (*ca) operating mode.

“C” (Controller) Driver488/DRYV isthe Active Controller (ca).

“T1” (Trigger) Driver488/DRV, as a Peripheral, has received a TRIGGER bus command.

"Cl” (Clear) Driver488/DRV, as a Peripheral, has received a cLEAR bus command.

“T” (Talk) Driver488/DRYV isin the Talk state and can ouTPUT to the bus.

“"L” (Listen) Driver488/DRV isin the Listen State and can ENTER from the bus.

“I” (Idle) Driver488/DRYV isin neither the Talk nor Listen State.

"Gl” (Change) An Address Change has occurred, that is, a change between Peripheral
and Controller, or among Talk, Listen, and Idle hasoccurred.
Thisis, perhaps, the most useful interrupt in the Peripheral mode.

The following BASIC program fragment illustrates the use of the Address Change and Addressed State
indicators to communicate with the Active Controller.

First, check sTaTus until it indicates there has been an Address Change:

200 PRINT#1, "STATUS"

210 INPUT#2 STS

220 ‘Has there been no Address Change?
230 IF MID$(STS$,7,1)="0" THEN 200

240 ‘Are we still in the idle state?
250 STATES$=MIDS (ST$,9,1)

260 IF STATES$="I" THEN 200

270 ‘Are we addressed to listen?

280 IF STATES$="L" THEN 400

290 ‘Are we addressed to talk?

300 IF STATES$="T" THEN 500

310 PRINT “BAD ADDRESSED STATE VALUE: ”;ST$: STOP

If addressed to L.isten, then ENTER aline from the controller and PRINT it out:

400 ‘Listen state
410 PRINT#1, "ENTER"
420 LINE INPUT#2,AS$
430 PRINT AS

440 GOTO 200

If addressed to Talk, then InpPUT aline from the keyboard and ouTrur it to the controller:

500 ‘Talk state

510 LINE INPUT AS

520 PRINT#1, "OUTPUT; ";AS$
530 GOTO 200

It isalso possible to detect these conditions with the arm command and handle them in an Interrupt
Service Routine (ISR). The Peripheral, Controller, Talk, Listen, and Idle conditions cause
interrupts only when the Address Change indicator »G1~ inthe sTATUS responseis set. The Change,
Trigger, and Clear indicators are al reset by the sTaTus command. Thus, the sTaTus command
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should be used in the Interrupt Service Routine to prevent re-interruption by an indicator which has not

been reset.

The various arM conditions and their descriptions are provided in the following table:

ARM Condition

Description

SRQ

The internal Service Request stateis set. See the spoLL command in
“Section I11: Command References’ for more information.

Peripheral Driver488/DRV isin the Peripheral (*ca) operating mode.
Controller Driver488/DRYV isthe Active Controller (ca).

Trigger Driver488/DRV, as a Peripheral, has received a TRIGGER bus command.
Clear Driver488/DRV, as a Peripheral, has received a cLEAR bus command.
Talk Driver488/DRV isin the Talk state and can ouTPUT to the bus.
Listen Driver488/DRV isin the Listen State and can ENTER from the bus.
Idle Driver488/DRV isin neither the Talk nor Listen State.

Bytein Driver488/DRV has been received a byte from the | EEE 488 bus.
Byteout Driver488/DRV can output a byte to the IEEE 488 bus.

Error Driver488/DRV has detected an error condition.

Change An Address Change has occurred, that is, a change between Peripheral

and Controller, or among Talk, Listen, and Idle hasoccurred.
Thisis, perhaps, the most useful interrupt in the Peripheral mode.

Not System Controller Mode

If Driver488/DRYV is not configured as the System Controller, then at power on, it is a bus Peripheral.
It might use a program like the one previoudly described to communicate with the Active Controller.
When Driver488/DRYV is not the System Controller and not the Active Controller (*sc*ca), the
available bus commands and their actions are:

Command Action

ENTER Receive data from a bus device as directed by the Active Controller.
OUTPUT Send data to bus devices as directed by the Active Controller.
REQUEST Set own Serial Poll request (including Service Request) status.
SPOLL

Get own Seria Poll request status.

Active Controller, Not System Controller Mode

If the Active Controller passes control to the Driver488/DRV, then it becomes the new Active
Controller. This can be detected by the sTaTus command or as an arMed interrupt. Asan Active
Contraller, but not the System Controller, the available bus commands and their actions are:

Command Action

ABORT Assert Attention and send My Talk Address to stop any bus transfers.
LOCAL Send Go To Local to selected devices.

LOCAL LOCKOUT Prevent local (front-panel) control of bus devices.

CLEAR Clear all or selected devices.

TRIGGER Trigger selected devices.

ENTER Receive data from a bus device.

OUTPUT Send data to bus devices.

PASS CONTROL Give up control to another device which becomes the Active Controller.
SPOLL Serial Poll abus device, or check the Service Request state.

PPOLL Parallel Poll the bus.

PPOLL CONFIG

Configure Parallel Poll responses.

PPOLL DISABLE

Disable the Parallel Poll response of selected bus devices.

PPOLL UNCONFIG

Disable the Parallel Poll response of all bus devices.

SEND

Send low-level bus sequences.

RESUME

Unassert Attention. Used to allow Peripheral-to-Peripheral transfers.
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Printer & Serial Redirection

IEEELPT and IEEECOM are stand-alone utilities (Driver488/DRV need not be installed to use them)
that allow programs which are unaware of the IEEE 488 busto control |EEE 488 bus devices asif they
were printer (IEEELPT) or serial (IEEEcoM) devices. They automatically redirect communications
destined for printer or serial portsto specified |EEE 488 bus devices. For example, the command:

C> IEEELPT IEEEOS5

will configure IEEE 488 bus device 5 to appear asthefirst parallel printer port (LpT1:). Any text that
isdestined for LpT1: will, instead be send to bus device 5. For example, the cory command:

C> COPY TEXTFILE.DOC LPTl:

will copy the contents of TEXTFILE.Doc to the |IEEE 488 bus. Any software which printsto LpT1:
will now send its data to | EEE 488 bus device 5.

Similarly, the command:
C> IEEECOM IEEE12

will redirect communications to and from the com1: serial port to |IEEE 488 bus device 12. Thus, a
plotting program which expects a serial plotter can communicate with an |EEE 488 plotter using
Power438.

Serial port redirection is often less effective than printer port redirection because many programs
control the seria port hardware directly and bypass the redirection program. It isstill possibleto
redirect output from such a program to an |EEE device if that program can be configured to send its
output to a disk file rather than directly to the printer or plotter. If afile such as \DEv\coM1 is
specified, the program will act as though the data were being written to an actual disk file, while the
output will be sent to the IEEE 488 bus device to which com1 was redirected. The program may even
issue a warning message that the specified file exists and will be overwritten. If it does, then the user
may tell it that it may delete or overwrite the file. No harm can result from trying to delete a device.

To understand how these programs are used, it is necessary to keep in mind the difference between
logical and physical devices. When the computer first boots up, it takes an inventory of the installed
hardware. It might, for example, find two parallel printer ports, and one serial communications port.
These are the physical devices. The physical device, LpT1 (note the absence of the colon) is the printer
port first identified by the computer. The logical device LpT1: (with the colon) refersto the device
which is currently configured to receive datato be printed. The computer maintains two tables of four
entries each to keep track of physical devices by logical device name. In the case of two printer and
one serial port, these tables initially appear as:
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Printer Port Assignments

LPT1: LPT2: LPT3: LPT4:

COM1:

Serial Port Assignments

COM2 :

COM3:

COM4 :

LPT1 LPT2 (none) (none)

COoM1

(none)

(none)

(none)

The 1EEELPT command takes up to four optional device arguments. Each argument is of the form

IEEEpp, IEEEppss Of LPTn, Where pp isan |EEE 488 bus primary address from 00 to 30, ppss isa
bus address composed of a primary address from 00 to 30 followed by a secondary address from 00 to
31, and nisaphysica printer port device number, from 1 to 4.

If IEEELPT is executed with no arguments, then it just displays the current logical printer port
assignments. If one or more arguments are provided, then the first logical printer port (LPT1:) is
redirected to the physical device specified by the first argument, the next logical port (zpT2:) is
redirected to the next specified physical device, and so on. |f fewer than four devices are specified,
then the remaining logical printers are directed to any unused physical parallel printer ports. For
example, on a machine with two physical parallel printer ports these commands have the effects

indicated in the following table:

Command Printer Port Assignments

LPT1: LPT2: LPT3: LPT4:
(Boot-Up) LPT1 LPT2 (none) (none)
IEEELPT (No change) LPT1 LPT2 (none) (none)
IEEELPT IEEEOS5 IEEEO5 LPT1 LPT2 (none)
IEEELPT IEEEO5 IEEE1201 IEEEO5 IEEE1201 LPT1 LPT2
IEEELPT IEEEO5 IEEE1201 IEEEl7 IEEEO5 IEEE1201 IEEE17 LPT1
IEEELPT IEEEO5 IEEE1201 IEEE1l7 IEEE29 IEEEO5 IEEE1201 IEEE1l7 IEEE29
IEEELPT LPT1 IEEEO5 LPT1 IEEEOS LPT2 (none)
IEEELPT LPT2 LPT1 IEEE1201 LPT2 LPT1 IEEE1201 (none)

Note that the port assignments are flexible, any order may be used. Also note how the physical printer
ports are added to the assignments if there is room for them and if they have not already been specified.

Serial port redirection is accomplished by 1EEEcoM. IEEECOM isused identically to IEEELPT except
that the physical port names (without colons) are com1 through com4 rather than LpT1 through LpT4.

For example, the TEEECOM command:
IEEECOM IEEE12 COM2 COM1

will redirect communications from com1: to |EEE 488 bus device 12, coM2: to coM2, and coM3 : to

COM1.

In addition to the port specifications, both 1EEELPT and TEEECOM allow two optional parameters. The
/Aioaddr parameter is used to specify the 1/O base address of the |EEE 488 interface board and the

/Baddr parameter setsits |EEE 488 bus address.

The 1/O base address must be specified when the associated | EEE 488 interface board is not at the
default I/O address of 02E1 (hex). Thel/O base addressis usually given as a hexadecimal number.

For example, to use the default 1/0 address, the parameter would be /a&H02E1. |If the hexadecimal I/0

addressendsin a o or an 8 then consecutive |/O addresses will be used. If the address endsin a1 then
I/0O addresses will be separated by sH400. /O addresses ending in other than o, 1, or 8 are not

allowed. For example, the command:
IEEELPT IEEEO5 /A&H22El

would configure LpT1: for output to IEEE 488 bus address 05 on a second interface card located at
22E1 (hex). Thel/O base addressisusually set by switches or jumpers on theinterface card. Refer
to the manufacturer’ s instructions for your | EEE 488 board to determine its I/O address. The default

I/O port base address for IEEELPT and IEEECOM IS /A&HO2E1.
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The /B setsthe primary |EEE 488 bus address of | EEE 488 interface card. Every |EEE 488 bus
device, including the controller must have a unique |EEE 488 addressin the range of 00 to 30
(decimal). The default addressfor theinterface card is 21, but must be changed if any |IEEE
Peripheral uses the same address. For example, the command:

IEEECOM IEEE21 /BOO

sets the interface card bus addressto 00 so that com1: may be redirected to an |EEE 488 bus device
with an address of 21.

Removal & Reinstallation

Driver488/DRYV is a special type of terminate-and-stay-resident (TSR) program that controls
Power488, Personal488, and LAN488. When pDrRVR488 . CoM is executed, it installsitself permanently
into memory and connects itself into DOS so that it appears to be a standard device driver that can be
used to control |EEE 488 devices. Normally, Driverd88/DRYV is present in memory whenever the
computer is operating, evenif it isnot being used. Most computers have enough memory so that the
amount taken by Driver488/DRYV is not critical, but some very large programs need so much memory
that they cannot operateif Driverd88/DRV isinstalled.

It is possible to temporarily remove Driver488/DRV by editing the aAuToexEc. BAT file. Once
Driver488/DRYV isinstalled, the auToExEc. BAT file will contain one or more lines similar to the
following:

C:\IEEE488\DRVR488

These are the commands that install Driver488/DRV. They can be disabled by adding the word rREM,
followed by a space, to convert them to remarks:

REM C:\IEEE488\DRVR488

When the computer is rebooted, these lines will be ignored, Driver488/DRV will not be loaded, and the
memory that would have been used for Driver488/DRV will now be available for other programs. |If
Driver488/DRYV is needed later, the auToExEC. BAT file must be re-edited to remove the REMS and to
re-enable Driver488/DRV, and then the computer must be rebooted.

A more practical method involves the creation of a separate batch file that holds the prRvr488
commands. When Driver488/DRV isinstalled, the prvrR488 commands are placed in the
AUTOEXEC.BAT file. By moving these commands to a separate batch file, it is possible to avoid
installing Driver488/DRV before it isneeded. To create a separate batch file, first copy
AUTOEXEC.BAT to anew file, perhaps DRIVER.BAT. Then edit the AuToEXEC. BAT file, deleting the
DRVR488 commands, and edit DRIVER.BAT, leaving only the bRvR488 commands. When the system
isrebooted, Driver488/DRV will no longer be installed because the aAuToeExEc. BAT file no longer
contains the DRV R488 commands. However, whenever Driver488/DRYV is needed, it can be installed
by typing brRIVER which will execute the bDRVR488 commandsin the pRIVER.BAT file. Once
Driver488/DRV has been installed, it will remain installed until the system is rebooted.

MARKDRVR & REMDRVR

Using the techniques described above, it is possible to install Driverd88/DRV only when it is needed.
However, it is still necessary to reboot the computer to remove Driverd88/DRV. The MARKDRVR and
REMDRVR Utilities allow Driver488/DRV and other TSR programs, such as sidekick and superkey,
to be installed and removed at will, without rebooting.

Before installing the TSR program, the MARKDRVR command should be used to “snapshot” the system
state:

C:> MARKDRVR comment
C:> C:\IEEE488\DRVR488

The MARKDRVR command is followed by an optional comment of up to 119 character that is normally
used to note which TSR programs are about to be installed. When the above command is executed it

Personal488 User’s Manual, Rev. 3.0 11-123

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



80. Utility Programs Il. SOFTWARE GUIDES - 8. Driver488/DRV

savesinternal system information including the interrupt vectors, the device driver chain, and the free
memory pointer. Thisinformation, along with the specified comment, is saved for use by REMDRVR.

The MarkDRVR command is then followed by the commands needed to install the TSR programs.
When using Driver488/DRV, these would be the brRvR488 commands. When these commands have
completed, Driverd88/DRYV isinstalled and ready for use.

When Driverd88/DRYV is no longer needed, it can be removed by using the REMDRVR command:
C: >REMDRVR

REMDRVR prints out the comment that was saved by MARKDRVR and then uses the information that
MARKDRVR Saved to restore the system to the state it had before MARKDRVR had been executed. This
removes Driver488/DRV and any other TSR programs that had been loaded in the interim and recovers
their memory for reuse.

If several different TSR programs are being used, then it might be appropriate to use MARKDRVR more
than once. Then, when REMDRVR is used, it will only remove the TSR programs that were installed
after the last MARKDRVR command. Each time REMDRVR is used, it will remove one more “layer” of
TSR programs. The comment saved by MARKDRVR can help keep track of which TSR programs are
removed at each step.

Note that the most recently installed programs are always removed first. It is not possible to remove a
program until all the more recently installed programs have been removed.

When working with Power488, it is good practice to create aDRIVER. BAT file that includes the
DRVR488 commands as described above. Then a MARKDRVR command, such as MARKDRVR
Driver488 can be added to the beginning of the bRIVER. BAT file. Then, Driver488/DRV can be
installed by typing prRIVER and removed by typing REMDRVR. Driver4d88/DRV can thus be installed
and removed as desired, without rebooting the computer.

Moving Files from an IEEE 488 (HP-1B) Controller to a PC

Included on the Driver488/DRV release disk is a utility program that allows files to be transferred from
any |EEE controller to the PC in which Driver488/DRV resides. This utility program configures the
PC as a Peripheral on the |IEEE network, much like a standard IEEE 488 printer. Any controller
capable of sending information to an |EEE 488 printer, including controllers like the HP 9000 series
computers, can send any type of datato the PC.

Once launched to the PC, thefile transfer utility allows the operator to redirect the incoming data either
to the PC screen, a PC disk file, or aprinter attached to the PC.

PRNTEMUL Files

Inthe \uTILs subdirectory of the Driver488/DRV diskette, there are 2 files:

e PRNTEMUL.EXE: Thisfileisthe MS-DOS executable version of the program. Thisisall that you
will need to emulate an |EEE 488 printer on a PC/AT or PS/2 computer.

e PRNTEMUL.C: Thisisthe C source code of the PRNTEMUL . EXE program. It uses a C subroutine
interface of Driver488/DRV, which islocated in the \suBapz directory of the main
Driver488/DRV directory.

Configuration of the IEEE Interface for PRNTEMUL

The PRNTEMUL program requires the Driver488/DRV to be configured as a Peripheral (same as an
|EEE printer). Make sure that the |IEEE interface is configured at a unique | EEE address.

Once Driver488/DRYV is configured properly, reboot the computer and connect your PC/AT to your
| EEE controller.
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Running PRNTEMUL

After the IEEE interfaces of each computer has been configured and connected, run the PRNTEMUL
program from the \uTzLs directory by typing one of the following commands at the DOS prompt:

Command Description

PRNTEMUL <ENTER> Prints information received from the | EEE 488 bus
to the screen.

PRNTEMUL > MYPROG.BAS <ENTER> Redirectsinformation to afile called MYPROG . BAS

PRNTEMUL > LPT1 <ENTER> Redirectsinformation to the printer port (LpT1).

Once the PRNTEMUL program is started, it will continue to send any information received from the
|EEE bus to the specified destination until any key is pressed. Once akey is pressed, the PRNTEMUL
program will return to DOS at which time it can be run again, with a different destination specified, if
so desired.

Data Transfer

Datais transferred to the computer running PRNTEMUL the same way information is sent to an |EEE
printer. For adescription of how to print information out, refer to the documentation of your |IEEE
controller.

For example, the following commands might be used on an HP 9000 computer running HP BASIC:

Command Description

LOAD “MYPROG.BAS” Load a program to print out.

PRINTER IS 710 Set the current printer to address 10 of the IEEE bus.

LIST List the current program to the selected printer (computer
running PRNTEMUL).

The output of the PRNTEMUL program could be redirected to a datafile to transfer source files from the
|EEE controller to a PC/AT or PS/2.

8P. Command Descriptions
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Introduction

There are two types of commands: Bus commands and system commands. Bus commands
communicate with the IEEE 488 bus. System commands configure or request information from
Driver488/DRV. This Sub-Chapter contains a detailed description of the bus and system command
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formats available for Driver488/DRV. For more detail on the individual system commands, see
“Section I11: Command References.”

Format

The format for the Driver488/DRV command descriptions consists of several sections which together

define the command. Using the QuickBASIC language, this format isimplemented for the system

commands found in Sub-Chapter 15A: “Driver488/DRV Commands’ of the “ Section I11: Command

References’ in this manual.

Syntax

The Syntax section of the system command description describes the proper command syntax that must

be sent to Driver488/DRV. The following conventions for syntax descriptions, use the QuickBASIC

language:

e No command may be more than 255 characterslong. The data part of the ouTpuT command does
not count in this length and so the ouTpuT data may be as long as necessary.

e |temsin upper case, such as ENTER or ouTPUT must be used exactly as stated except that command
keywords are not case sensitive: Enter, enter, ENTER, and eNtEr are all equivalent.

e Itemsinlower case, such asaddr Or count, represent parameters that must be substituted with an
appropriate value.

e Blank spacesin commands are generally ignored. Thus, LOCAL LOCKOUT is the same as
LOCALLOCKOUT. Spaces are not ignored when: in the data part of an ouTpuT command, within
quoted strings in a sEND command, after an apostrophe (*) in aterminator specification (term), at
the end of a device name, or within a number.

e Itemsenclosed in square brackets ([item]) are optional. Multiple items enclosed in square
brackets separated by vertical lines ([iteml |item2 |item3]) are optiona, any one or hone may
be chosen. No more than one item may be selected.

e Ellipses within sguare brackets ([ . . . 1)mean that the items in the brackets may be repeated as
many times as desired. For example [, addr. ..] meansthat any number of address separator-
address combinations may be used.

e Braces, or curly brackets, ({iteml | item2}) mean that exactly one of the enclosed itemsis
required.

e Combinations of brackets are possible. For example, {term[term] [EOI] |EOI} allowsthe
choice of term, term term, term term EOI, term EOI, Or just EOI, but does not alow the
choice of “nothing.”

e Numeric parameters (those that are given as numbers) are decimal unless preceded by &1 or 0%, in
which case they are hexadecimal. Thus, 100 isdecimal 100, sH64 iShexadecimal 64 which
equalsdecimal 100, 0xXFF isdecimal 255, and 0££ isinvalid because F is not avalid decimal
digit. Theonly exception to thisruleisthat bus addresses, both primary and secondary, must be
specified as decima numbers. Hexadecimal bus addresses are not allowed.

Severa of the commands are accompanied by required or optional syntax parameters. These are

further described with each command, but the more common ones are discussed below, using

QuickBASIC:

Bus Addressing

e pri-addr: A primary device addressintherange o to 30.

e sec-addr: Anoptiona two-digit secondary device addressin the range 00 to 31.

e name : A one- to eight-character device name composed of letters, numbers, and underscores
() used to represent the address of a particular bus device.
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e addr : AnlEEE 488 busaddress. A numeric primary address optionally followed by a
secondary address, or adevice name. Thus, addr is of theform {name |pri-addr[sec-addr]}
where name is adevice name, pri-addr isaprimary address, and sec-addr isatwo-digit
secondary address.

e [,addr...] : Anoptiona list of bus addresses, each one preceded by an address separator;
either acomma(,) or ablank.

No more than 50 bus addresses are allowed in any single command.
Character Count

e #count : Thenumber of charactersto be transferred, using a pound sign (#) followed by an
integer intherange 1 to 4,294, 967,295 (or 2%2- 1). It may be specified in hexadecimal by
preceding it with & or 0x. The hexadecimal range is &H1 to sHFFFFFFFF. A character count of
zeroisinvalid.

ASCII| Characters

e $char @ A singlecharacter whose ASCII value isthe number char, a decimal number in the
range 0 to 255 or ahexadecimal number in the range $H0 to $HFF, Or &HO t0 &HFF. For example,
65 istheletter a, asis $41 or &H41.

e CR : Thecarriagereturn character ($13, $0D Or &HOD).
e LF : Thelinefeed character ($10, $0a or &HOA).

e x : Any (usually) printable character. The apostrophe isimmediately followed, without any
intervening spaces, by asingle character that is taken as the character specified.

For a complete description of ASCII control codes and character sets, refer to the tablesin “ Section V:
Appendix” of this manual.

ASCII Character Strings

e data: Anarbitrary string of characters. None of the special forms given above ($char, CR, LF,
or ‘*x) are used. For example, cRLF as dataistaken asthe letters: ¢, R, L, and F, not as carriage
return linefeed cr LF.

e data’ : Anarhitrary string of characters enclosed in apostrophes.
Terminators

e term: Any single character, specified ascr, LF, ‘X, or $char as described above
({cr|LF|’X|$char}). Part of terminator sequence used to mark the end of lines of data and
commands.

e [term] : Anoptional term character. For example, term[term] meansthat one or two
terminators may be specified.

e EoI: ThelEEE 488 bus end-or-identify signal. When asserted during the transfer of a character,
EOI signalsthat that character isthe last in the transfer. Oninput, EOI, if specified, causes the
input to stop. On output, EoT causes the bus Eox signal to be asserted during transmission of the
last character transferred.

e NONE: The no end-of-line charactersindicator. When EOL OUT NONE is specified,
Driver488/DRV assumes that entire, complete, commands are transferred with a single DOS-level
output command. When EOL. IN NONE is specified, Driverd88/DRV does not append any input
terminators to received data.

1/0 Base Address

e ioaddr: Thel/O base address for the interface card, in the range &H0 to &HFFFF, usually
specified in hexadecimal, though decimal is allowed.

Personal488 User’s Manual, Rev. 3.0 11-127

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



8P. Command Descriptions Il. SOFTWARE GUIDES - 8. Driver488/DRV

Interrupts

e interrupt: Oneof thefollowing: SRQ, ERROR, PERIPHERAL, CONTROLLER, TRIGGER, CLEAR,
TALK, LISTEN, IDLE, BYTEIN, BYTEOUT, CHANGE.

e [,interrupt...]: Anoptiona list of interrupts, each preceded by acomma
Memory Buffer Addresses

e segment : A segment addressintherange -32768 t0 65535 (&HO t0 &HFFFF). An address of
theform segment:of fset isconverted into areal 20-bit address by multiplying the segment by
16 and adding the of £set. Asthe segment is often stored in an integer variable, values greater
than 32767 (32768 t0 65535) are printed as negative numbers (-32768 to -1, respectively).
Driver488/DRV automatically interprets negative segment values as their corresponding positive
values.

e offset: Theoffset part of asegment:offset address. Aninteger intherange -32768 to
65535. Aswith segment, negative offset values are interpreted as their corresponding positive
values.

e absolute: A rea 20-bit address. Anintegerintherangeoto1, 048,575 (&H0 tO §HFFFFF).

e buf-addr: The memory address of the current data buffer. The buf-addr may be given either
as segment : offset (the colon isrequired), or asan absolute memory address.

Response
The Response section of the system command description describes the response that the user’s

program should read after sending the command. If aresponse is provided, it must beread. Errors
occur if another command is issued before reading the response.

Mode

This section of the command description format specifies the operating modes in which the command is
valid. Driverd88/DRV may be configured as the System Controller in which caseit isinitially the
Active Controller, or as a Not System Controller in which caseit isinitialy in the Peripheral state. The
Driver488/DRV configuration as System Controller or Not System Controller can be changed by the
INSTALL program.

Note: Evenif Driver488/DRYV is not configured as the System Controller, it can still become the
Active Controller if another controller on the IEEE 488 bus passes control to Driver488/DRV.

The modes are referred to by their names and states, as shown below:

M ode Name State M ode Name State
System Controller sc Not System Controller *SC
Active Controller Cca Peripheral *CA
(Not Active Controller)
Active System Controller SCeCA System Controller, Not Active SCe*CA
Not System Controller, *SCeCA Not System Controller, *SCe*CA
Active Controller Not Active Controller

Bus States

This section of the command description format indicates the state of the bus device. The mnemonics
abbreviations for these bus states, as well as the relevant bus lines and bus commands, are listed in the
following two tables:
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BusState BusLines Data Transfer (DIO) Lines
8 7 6 5 4 3 2 1
Hex Value (QuickBASIC) &H80 | &H40 | &H20 | &H10 | &HO8 | &HO4 | &HO2 | &HOL
Decima Value 128 64 32 16 8 4 2 1
Bus M anagement Lines
IFC Interface Clear
REN Remote Enable
| EEE 488 I nterface: Bus M anagement Lines
ATN Attention (&HO04) 0 0 0 0 0 1 0 0
EOI End-Or-Identify (& H80) 1 0 0 0 0 0 0 0
SRQ Service Request (& H40) 0 1 0 0 0 0 0 0
| EEE 488 Interface: Handshake Lines
DAV DataVadid (&H08) 0 0 0 0 1 0 0 0
NDAC Not Data Accepted (&H10) 0 0 0 1 0 0 0 0
NRFD Not Ready For Data (& H20) 0 0 1 0 0 0 0 0
Serial Interface: Bus M anagement Lines
DTR Data Terminal Ready (&HO2) 0 0 0 0 0 0 1 0
RI Ring Indicator (& H10) 0 0 0 1 0 0 0 0
RTS Request To Send (& HO1) 0 0 0 0 0 0 0 1
Serial Interface: Handshake Lines
CTS Clear To Send (& HO4) 0 0 0 0 0 1 0 0
DCD Data Carrier Detect (& HOB) 0 0 0 0 1 0 0 0
DSR Data Set Ready (&H20) 0 0 1 0 0 0 0 0
BusState Bus Commands Data Transfer (DIO) Lines
(IEEE 488) (ATNisasserted“1") 8 7 6 5 4 3 2 1
Hex Value (QuickBASIC) &H80 | &H40 | &H20 | &H10 | &HO8 | &HO04 | &HO2 | &HoO1
Decimal Value 128 64 32 16 8 4 2 1
DCL Device Clear (& H14) X 0 0 1 0 1 0 0
GET Group Execute Trigger (&H08) X 0 0 0 1 0 0 0
GTL Go To Loca (&HO01) X 0 0 0 0 0 0 1
LAG Listen Address Group (&H20-3F) X 0 1 a d d r n
LLO Local Lock Out (&H11) X 0 0 1 0 0 0 1
MLA My Listen Address X 0 1 a d d r n
MTA My Talk Address X 1 0 a d d r n
PPC Parallel Poll Config X 1 1 0 S p2 P1 PO
PPD Parallel Poll Disable (& HO7) X 0 0 0 0 1 1 1
PPU Parallel Poll Unconfig (&H15) X 0 0 1 0 1 0 1
ScG Second. Cmd. Group (&H60-7F) X 1 1 [ 0 m m d
sbC Selected Device Clear (& H04) X 0 0 0 0 1 0 0
SPD Serial Poll Disable (& H19) X 0 0 1 1 0 0 1
SPE Serial Poll Enable (& H18) X 0 0 1 1 0 0 0
TAG Talker Address Group (&H40-5F) X 1 0 a d d r n
TCT Take Control (&HQ09) X 0 0 0 1 0 0 1
UNL Unlisten (& H3F) X 0 1 1 1 1 1 1
UNT Untalk (&H5F) X 1 0 1 1 1 1 1
(x ="“don’t care”)

If acommand is preceded by an asterisk (*), that command is unasserted. For example, *REN states

that the remote enable lineis unasserted. Conversely, REN without the asterisk states that the line

becomes asserted.

The bus states are further described, according to the following bus lines:
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Bus M anagement Lines

For the general control and coordination of bus activities, five bus management lines are used by either
an | EEE 488 interface or a seria interface:

Interface Clear (1Frc): Employed by either IEEE 488 or seria interfaces, thisline is used only by
the System Controller to place all bus devices in aknown, quiescent state. Specificaly, the 1Fc
placesthe devicesin the Talk and Listen Idle States(neither Active Talker nor Active
Listener) and makes the System Controller the Active Controller.

Remote Enable (REN): Employed by either IEEE 488 or serial interfaces, thislineis used only by
the System Controller to allow bus devices to respond to remote (bus) commands. When REN is
asserted, al listeners capable of remote operation enter remote operation when addressed to Listen.
If REN is unasserted, then the bus devices may ignore the bus and remain in local operation.
Generally, the REN command should be issued before any bus programming is attempted.

Attention (aTn): Employed by an |EEE 488 interface, thisis one of the most important lines for
bus management, and can only be driven by the Active Controller. When AT~ is asserted, the
information contained on the data lines is to be interpreted as a bus (multiline) command. When it
is unasserted, that information isto be interpreted as data for the Active Listeners.

End-Or-ldentify (zo1): Employed by an |IEEE 488 interface, thisline is used to signal the last
byte of amultibyte datatransfer. The device that is sending the data asserts oz during the
transfer of the last datatype. The Eoz signal is not always necessary, since the end of the data may
be indicated by some special character such asthe carriage return. The Active Controller also uses
EOI to perform a Parallel Poll by simultaeoudly asserting Eo1 and ATN.

Service Request (srQ): Employed by an |EEE 488 interface, thisline is asserted by any device to
attract the immediate attention of the Active Controller. Consequently, it can be used to interrupt
the current sequence of events. The device may be reporting that it has data to send, an error
condition to report or both. The Controller can determine which device requested service using
Seria Poll or Parallel Poll. The Seria Poll will clear the srg line unless some other deviceis
requesting service.

Data Terminal Ready (DTR): Employed by a serial interface, thisline is specified to indicate the
presence and readiness of data terminal and data communication equipment (DEC). TheDTRr is
asserted by the terminal equipment when terminal power is on, indicating to the modem or other
DCE that the terminal is ready.

Ring Indicator (rR1): Employed by a serial interface, thisline indicatesthat aringing signal is
being received on the communication equipment.

Request To Send (rTs): Employed by a seria interface, thislineis specified to assist half-duplex
communication equipment in transmitting and receiving data. Before a transmission, the sender’s
RTS signal is asserted, requesting the receiver to switch its circuitry to the receive mode.

Handshake Lines

To “handshake” the transfer of information across the data lines, three lines are used by either an
| EEE 488 interface or a seria interface:

Data Valid (pav): Employed by an |EEE 488 interface, thislineis controlled by the Active
Talker. Before sending any data, the Talker verifies that NDac (see below) is asserted, which
indicates that all Listeners have accepted the previous data byte. The Talker then places a byte
onto the data lines and waits until NRFD (see below) is unasserted, indicating that all Addressed
Listeners are ready to accept the information. When NRFD and NDAC are in the proper state, the
Talker asserts pav to indicate that the data on the busis valid.

Not Ready For Data (NrRFD): Employed by an |EEE 488 interface, thislineis used by the
Listeners to inform the Talker that they are ready to accept new data. The Talker must wait for
each Listener to unasserted this line, which they do at their own rates, when they are ready for
more data. Thisassuresthat all devices accepting the information are ready to receiveit.

11-130

Personal488 User’s Manual, Rev. 3.0

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



Il. SOFTWARE GUIDES - 8. Driver488/DRV 8P. Command Descriptions

e Not Data Accepted (npac): Employed by an IEEE 488 interface, thislineis also controlled by
the Listeners, and indicates to the Talker that each device addressed to listen has accepted the
information. Each device releases NpDac at its own rate, but Npac does not do so until the slowest
Listener has accepted the data byte. This type of handshaking permits multiple devicesto receive
data from a single data transmitter on the bus. All active receiving devices will participate in the
data handshaking on a byte-by-byte basis and operate the Npac and NRFD linesin a“wired-or”
scheme so that the slowest active device will determine the rate at which the data transfers take
place. In other words, data transfers are asynchronous and occur at the rate of the slowest
participating device.

e Clear To Send (cTs): Employed by a serial interface, thisline is specified to assist half-duplex
communication equipment in transmitting and receiving data. When ready to receive, the receiver
assertsits cTs line, allowing transmission to begin.

e DataCarrier Detect (pcp): Employed by a serial interface, thisline is asserted by the modem or
other data communication equipment (DCE) to indicate that it has established a communication
link with the modem or DCE at the other end of the communication link (e.g., phoneline). It must
be asserted for the terminal to go on-line and receive data.

e Data Set Ready (psr): Employed by a serial interface, thislineis specified to indicate the
presence and readiness of data terminal and data communication equipment (DCE). Thebpsr is
asserted by the modem or other DCE to allow the terminal to go on-line and receive data.

Data Transfer Lines

To transfer information between devices on the bus, eight lines (D101 through p108) are used by the
|EEE 488 interface. As previoudy discussed, when ATN is unasserted, the information contained on
the datalinesisto beinterpreted as data for the Active Listeners. However, when ATN is asserted, that
information is to be interpreted as a bus (multiline) command.

Bus Command Groups

Bus commands are bytes sent by the Active Controller over the data bus with Attention (aTN) asserted.
These commands are sent to all devices and are divided into the following 5 groups:

e Addressed Command Group (acg): These commands affect only those devices which have
previously been addressed to be a Listener. There are 5 bus line addressed commands. GET, GTL,
PPD, SDC and TCT.

e Universal Command Group (uce): These commands cause every instrument on the busto carry
out the bus function specified (if the instrument is capable of it). There are 5 busline universal
commands. bCL, LLO, PPU, SPD, and SPE.

e Listen Address Group (Lag): These commands addressto Listen specified bus devices. The
addressed device then becomes a Listener. There are 31 (0 to 30) listen addresses associated with
this group. The 3 most significant bits of the data bus are set to 001 while the 5 least significant
bits are the address of the device being told to Listen. The last command in this group is uNL.

e Talk Address Group (Tac): These commands addressto Talk specified bus devices. The
addressed device then becomes a Talker. There are 31 (0 to 30) talk addresses associated with this
group. The 3 most significant bits of the data bus are set to 010 while the 5 least significant bits
are the address of the device being told to Talk. The last command in this group is UNT.

e Secondary Command Group (sce): These commands are used to specify a subaddress or
subfunction within a given bus device. There are 32 (0 to 31) possible secondary commands used
to specify a subaddress of subfunction within a given bus device. They are also used in the
Parallel Poll Configure (pPc)sequence.

e  Three bus commands not found in the above groups are: MLA, MTA, and PPC.

All of the IEEE 488 bus commands are further described individually, asfollows:
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Examples

Data Types

Bus Commands

Device Clear (pcL): Thisuce command causes al bus devicesto be initialized to a pre-defined or
power-up state.

Group Execute Trigger (GET): Thisace command usualy signals all bus devicesto begin
executing atriggered action. This allows actions of different devices to begin simultaneously.

GoToLocal (eTr): Thisace command allows the selected devices to be manually controlled.
Local Lock Out (rLo): Thisuce command prevents manual control of the instrument’s functions.

My Listen Address (Mr.a): This command addresses a deviceto Listen. The device accepts data
from the Active Talker and outputs this data through the serial interface. It substitutes the selected
serial terminators for the received |EEE 488 bus terminators.

My Talk Address (mTa): This command addresses a deviceto Talk. The device retrieves data
from the serial input buffer and outputs it to the IEEE 488 bus. It substitutes the selected IEEE
488 bus terminators for the received serial terminators. The device will continue to output serial
input buffer data as long as the |EEE 488 controller allows.

Parallel Poll Configure (ppc): Thiscommand configures devices capable of performing a
Parallel Poll viathe data bit they are to assert in response to a Parallel Poll.

Parallel Poll Disable (ppD): Thisace command disables the Parallel Poll response of selected
devices.

Parallel Poll Unconfigure (pPu): Thisuce command disables all devices from responding to a
Parallel Poll.

Selected Device Clear (spc): Thisace command causes asingle device to be initialized to pre-
defined or power-up state.

Serial Poll Disable (spp): Thisuce command disables a device from sending its Serial Poll status
byte.

Serial Poll Enable (spE): Thisuce command, when ATN is unasserted, will cause adevice that is
addressed to talk, to output its Serial Poll status byte.

Take Control (TeT): Thisace command passes bus control responsibilities from the current
Controller to another device which has the ability to control.

Unlisten (unL): This Laec command placesthe deviceintheListen Idle State.

Untalk (unT): This Tae command placesthe deviceinthe Talk Idle state.

For more detailed information, many of these commands appear in Chapter 15 “Command References’
of “Section I11: Command References’ in thismanual. Also, for information on the relationship
between bus messages and ASCI| character codes, turn to “Section V: Appendix” in this manual.

The Examples section of the command description format lists one or more short examples of the
command’s normal use. These and additional programs can be found in language or example
subdirectories of the Driver488/DRV installation directory.

For information on the Driver488/DRV data bit masks, data constants, and data structures, turn to the
topic “Data Types’ found in the Sub-Chapter 9K “Command Descriptions’ of Chapter 9
“Driver488/SUB.”
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CCL Reserved Words

The following alphabetized list contains words reserved for use by the Character Command Language
(CCL) interface. These words may not appear as a device name nor as the first characters of a device
name. Upper and lower cases are insignificant. Some examples of this are:

e all : Thisisareserved word, therefore alloy, Alloy, or ALLOY are all invalid External Device
names.

e cr: Thisisareserved word, therefore crane, Crane, Or CRANE cannot be used as the name of an
External Device if the Character Command Language isto be used.

e in : Thisisareserved word, SO input, Input, or INPUT are all invalid External Device names.

List of Reserved Words

] all ] dma ] mla . out

e buffer ° eoi e monitor . talk

U cmd ° error e mta e unl

e continue . in * none e unt

e cr e 1f e off e until rsv
e data e listen e omn e while srq

8Q. Command Reference

To obtain a detailed description of the command references for Driver488/DRV, turn to Section 111 in
this manual entitled “Command References.” The commands are presented in al phabetical order for
ease of use.
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9. Driver488/SUB

Sub-Chapters
OA.  INTrOdUCTION ... 11-133
9B. Installation & Configuration...........cccccevviiiiiiiieeceeeeeeiiinnn 11-134
9C. External Device Interfacing ..........cccccevvvvviiiiiiei e, 11-141
OD. Getting Started ..........ccooiiiiiiieee e 11-145
OE. C LaANQUAgES ... oiiiiiiiiiiieii ettt eees 11-150
OF.  QUICKBASIC ... ..o 11-159
OG. PaASCAl ... 11-166
OH. Data Transfers ... 11-175
9.  Operating MOdES * ... 1-177
9J.  UTIItY ProgramsS.......ccccooiiiiiiiiieee e 11-182
9K. Command DesCriptioNS *........cccccoeiiiiiiiiiiiiiiiiie e 11-186
OL. Command Reference *........ccccooiiiii, 11-190
* For Driver488/SUB, W31, W95, & WNT

9A. Introduction

Driver488/SUB is similar to Driver488/DRV in that it uses HP (Hewlett-Packard) style commands, has
COM port support, offers asynchronous 1/0O capability, provides automatic event vectoring and error
checking, and transfers data at the maximum DMA rate of the board being controlled.

Like Driver488/DRV, Driver488/SUB supports the Power488 series boards' additional input/output
functions with SCPI (Standard Command for Programmable Instruments).

Driver488/SUB differs from Driver488/DRV in programming style and performance. Y ou can access
the memory-resident Driver488/SUB viaalibrary of function calls, allowing for faster input/output
operations. You can use Driver488/SUB with any of the languages for which function call libraries are
offered, including: C, Pascal, and QuickBASIC.

The following example of programming a digital multimeter highlights the programming style
differences between Driver488/DRV and Driver488/SUB:

Driver488/DRV, using C L anguage Driver488/SUB, using C L anguage

main ( ) main ( )

{ {
ieeeinit ( ); OpenName (dmm. “DMM”) ;
ieeewt (Output dmm; ROT1X”); Output (dmm, “ROT1X)
Ieeewt (“Enter dmm”) ; Enter (dmm, wval);
ieeerd (val); }

}

Driver488/SUB lets you obtain optimal use of your PC's conventional 640K byte memory by
automatically detaching and loading itself into high memory (when used with atest system employing
DOS 5.0 or higher). If sufficient high memory is available, Driver488/SUB will not consume any
conventional memory. This makes the driver particularly useful for applications executing long
programs demanding large amounts of memory.
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Driver488/SUB supports up to four IEEE 488 interfaces. Each interface can support multiple external
devices up to the limits imposed by electrical loading (14 devices), or with a product such as
Extender488, to the limits of the | EEE 488 addressing protocols.

Driver488/SUB supports the GP488B (not PCIIA, NI), AT488, MP488, MP488CT, and NB488 series
of |IEEE 488.2 interface hardware. Thereisno Character Command Language (CCL) support
contained in Driver488/SUB. All interaction between the application and the driver takes place via
normal subroutine.

9B. Installation & Configuration

Topics
o Before You Get Started............oooiiiiiiiiiiiiiiiieie e 11-134
e Making Backup Disk COPIES.........uceiiiiiiiiiiiiiiiiii e 11-135
o Driver INstallation ... 11-135
o Configuration ULIHITY ... 11-135
) C=] = T 11-136
EXTErNaAl DEVICES... ..ot aaaeees 11-136
Opening the Configuration Utility...........ccooiviiiiii e, 11-136
e Configuration of IEEE 488 Interfaces .........cccccccceeeeevvvvvvvinnnnns 11-136
e Configuration of Serial Interfaces........ccccccccceeviiiiiiiiiiiiceenn. 11-139
e Configuration of IEEE 488 External Devices.............ccc...... 11-140

Before You Get Started

Prior to Driver488/SUB software installation, configure your interface board by setting the appropriate
jumpers and switches as detailed in the “ Section |: Hardware Guides.” Note the configuration settings
used, as they must match those used within the Driver488/SUB software installation.

Once the |IEEE 488 interface hardware isinstalled, you are ready to proceed with the steps outlined
within this Sub-Chapter to install and configure the Driver488/SUB software. The Driver488/SUB
software disk(s) include the driver files themselves, installation tools, example programs, and various
additional utility programs. A file called REaADME . TXT, if present, is atext file containing new material
that was not available when this manual went to press.

NOTICE

1. The Driver488/SUB software, including all filesand data, and the diskette on which it is
contained (the*“ Licensed Software”), islicensed to you, the end user, for your own internal use.
You do not obtain titleto the licensed software. You may not sublicense, rent, lease, convey,
modify, trandate, convert to another programming language, decompile, or disassemble the
licensed software for any purpose.

2. You may:
e only usethe software on one single machine;

e copy the softwareinto any machine-readable or printed form for backup in support
of your use of the program on the single machine; and,

e transfer the programsand licenseto useto another party if the other party agreesto
accept the terms and conditions of the licensing agreement. If you transfer the
programs, you must at the sametime either transfer all copieswhether in printed or
in machine-readable form to the same party and destroy any copies not transferred.
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The first thing to do, before installing the software, is to make a backup copy of the Driver488/SUB
software disks onto blank disks. To make the backup copy, follow the instructions given below.

Making Backup Disk Copies

1. Boot up the system according to the manufacturer’ s instructions.

2. Typethe command cp\ to go back to your system’sroot directory.
3. Placethefirst Driver488/SUB software disk into drive a:.
4

TypeDISKCOPY A:A: and follow theinstructions given by the pxskcory program. (Y ou may
need to swap the original (source) and blank (target) disksin drive a: several timesto complete
thepzskcory. If your blank disk is unformatted, the bIskcopy program allows you to format it
before copying.)

5. When the copy is complete, remove the backup (target) disk from drive a: and label it to match
the original (source) Driver488/SUB software disk just copied.

6. Storetheoriginal Driver488/SUB software disk in a safe place.

7. Place the next Driver488/SUB software disk into drive a: and repeat steps 4-6 for each original
(source) disk included in the Driver488/SUB package.

8. Place the backup copy of the installation disk into drive a:, type a: INSTALL, then follow the
instructions on the screen.

Driver Installation

There are two steps involved in installing Driver488/SUB onto your working disk. The required files
must first be copied from the distribution disk to your working disk, and then the configuration must be
established by modifying the supplied Windows-style initialization file.

Driver488/SUB should normally be installed on a hard disk. Installing Driver488/SUB on a floppy
disk, while possible, is not recommended. Assuming that the Driver488/SUB disk isin drive a:, start
the installation procedure by typing A: INSTALL at the prompt.

For anormal first installation, allow INSTALL to install all parts of Driver488/SUB. If hard disk space
is extremely limited, certain parts, such as language support and examples for languages not
immediately used, may be omitted. The distribution disks may be used to install or reinstall any or all
parts of Driver488/SUB at alater time.

Note if any error messages display when you are trying to load prRVR488 . EXE in memory. If so, refer
to “Section IV: Troubleshooting” in this manual.

The conF1e utility runs automatically upon calling installation and permits you to specify the system
configuration, add interfaces, define external devices, etc. Y ou may also run coNrig from the
command line at alater time to modify your configuration as required. The following text describes the
configuration of interface boards, external devices and serial external devices.

Configuration Utility

The Driver488/SUB startup configuration is specified in a Windows-style initialization file named
DRVR488.INTI, which residesin the Driver488/SUB directory. Thefirst screen of the conFIG
program is used to enter the configuration settings so the Driver488/SUB software can be correctly
modified to reflect the state of the hardware.

The driver can be reconfigured at any time by running the conrFic program. To start the conFie
program, type coNFIG whilein the directory in which the configuration utility resides, typically
C:\IEEE488\UTILS.
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Interfaces

The minimum requirement for configuring your system is to make certain that your |EEE 488.2
interface board or module is selected under “Device Type.” The default settingsin all of the other
fields match those of the interface as shipped from the factory. If you are unsure of a setting, itis
recommended that you leave it asis.

External Devices

Within your |EEE 488.2 application program, devices on the bus are accessed by name. These names
must be created and configured within the conF1e program. After configuring your interface
parameters, press <F5> to open the External Devices window. All configured devices will be
accessible in your application program via the openName command. For more details, refer to the
topic “Configuration of |EEE 488 External Devices’ found later in this Sub-Chapter.

Opening the Configuration Utility

In general, all Driver488/SUB configuration utility screens have three main windows: the “name” of
the interfaces or devices on the left, the “ configuration” window on the right, and the “instruction”
window at the bottom of the screen. Based on current cursor position, the valid keys for each window
will display in the Instructions box.

To begin the interface configuration, move the cursor in the name window to select an interface
description for modification. (Interfaces can be added or deleted using <F3> and <F4>.) Notice
moving the cursor up and down the list of interfaces or devices in the left window changes the
parameters in the configuration window. The configuration fields always correspond with the currently
selected interface and device type.

Once all modifications have been made to the configuration screen, <F10> must be pressed to accept
the changes made or <F9> can be pressed to exit without making any change. Additional function keys
allow the user to continue onto the configuration of external devicesvia <F5> or to view agraphic
representation of the interface card with the selected settings via <F7>.

Configuration of IEEE 488 Interfaces

The Driver488/SUB supports

two typfes of interfaces: IEEE Driver488/SUB Configuration Utility Version X.X All Rights Reserved
and SEfIa| (C.OM)- The Interfaces Configuration
following Driver488/SUB Name: \EEE

H H |IEEE Bus Address 21
figure displays the —IEEE BMA: 2
configuration screen of an COM interrupt: 7

sController

MP488CT | EEE 488.2 Thmeout (ms) (o000
. Device Type: MP488CT
interface. ~V0 Address

) IEEE 488 2E1

To add another |EEE interface,
select <F3>. For additional
information on using more than fus Terms —
oneinterface, refer to the final CharE ;8§ LF E ggs LF
topic “Multiple Interface F3: Add interface board (JLF ()LF
M anagement” in t.he Sub- F4: Delete selected board {X)) gg%i EX)) (')\‘S%i‘
Chapter “Installation & EOl (X) )
Conflguratlon of Chapter 8. Press <right arrows> to modify parameters for this interface
Once an interface is salected F5: Configure External Devices F7: Jumper Settings F9: Quit F10: Save & Exit

the fields and default entries
which display in the
configuration window depend

Configuration Utility for MP488CT

on the device type specified. The configuration parameters of the |EEE interface, shown in the figure,

are asfollows:
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Configuration Parameters

e Name: Thisfield isa descriptive instrument name which is manually assigned by the user. This
must be a unique name. Typically, |IEEE or COM is used.

e |EEE BusAddress. Thisisthe setting for the IEEE bus address of the board. It will be checked
against al the instruments on the bus for conflicts. It must be avalid address from o to 30.

e DMA: A direct memory access (DMA) 1/0 Board | Specified DMA Channd

channel can be specified for use by the I/O GP48SB 1,2, 3 or none

interface card. 1f DMA isto be used, select ATAS8 123,56 7 or none

achannel as per the hardware setting. If no NVPa33 12356, 70rnone

DMA isto be used, select NONE. The
NB488 does not support DMA, therefore the MPA8SCT | 1,2, 3,5, 6, 7 or none

DMA field will not display if this device NB488 Not applicable
typeisused. Valid settings are displayedin | CARDA488 | Not applicable
the table.

e Interrupt: A hardwareinterrupt level can 1/O Board | Specified Interrupt Level
be specified to improve the efficiency of the  ["Gpagap levels 2-7 or none

1/O adapter control and communication AT488 levels 3-7, 9-12, 14-15 or none

using Driver488/SUB. For DMA operation

f d functi MPA488 levels 3-7, 9-12, 14-15 or none
ot ot et be cotoctod. Boacs  |MPA488CT | levels 37, 9-12, 14-15 or none
P ' NB488 level 7 for LPT1, level 5for LPT2

may share the same interrupt level. If no

interrupt level isto be used, select NONE. CARDA488 | levels3-7, 912, 14-15 or none
Valid interrupt levels depend on the type of interface. Possible settings are shown in the table.

e SysController: Thisfield determines whether or not the |EEE 488 interface card isto be the
System Controller. The System Controller has ultimate control of the |EEE 488 bus, and the
ability of asserting the Interface Clear (1Fc) and Remote Enable (REN) signals. Each |EEE 488
bus can have only one System Controller. If the board is a Peripheral, it may still take control of
the IEEE 488 busiif the Active Controller passes control to the board. The board may then control
the bus and, when it is done, pass control back to the System Controller or another computer,
which then becomes the active controller. |f the board will be operating in Peripheral mode (not
System Controller), select NO in this field.

e LightPen: Thisfield determineswhether the LightPen command isto be used. If selected, it
will disable the detection of interrupts via setting the light pen status. The default is light pen
interrupt enabled.

e Timeout (ms): Thetime out period isthe amount of time that data transfers wait before assuming
that the device does not transfer data. 1f the time out period elapses while waiting to transfer data,
an error signal occurs. Thisfield isthe default timeout for any bus request or action, measured in
milliseconds. If no timeout is desired, the value may be set to zero.

o Device Type: Thisfield specifiesthe type of board or module (such as GP488, MP488CT or
NB488) represented by the |EEE device name selected.

1/0 Address

e |EEE 488: Thisfield isthe /O base address which sets the addresses used by the computer to
communicate with the |EEE interface hardware on the board. The addressis specified in
hexadecimal and can be 02E1, 22E1, 42E1 Ofr 62E1.

Note: Thisfield does not apply to the NB488. Instead, the NB488 uses the I/O address of the data
register (thefirst register) of the LPT port interface, typically 0x0378.

e Digital 1/0: Thisfield isthe base address of the Digital 1/O registers. Itisonly applicable for
MP488 and MP488CT boards. Note the Digital 1/0 SCPI communication parameters are
configured as an external device. Refer to the “Section |: Hardware Guides’ for more information.
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e Counter/Timer: Thisfield isthe base address of the Counter/Timer registers. Itisonly
applicable for MP488CT boards. Note the Counter/Timer SCPI communication parameters are
configured as an external device. Refer to the Hardware Guides and section for more information.

e BusTerminators: The |EEE 488 bus terminators specify the characters and/or end-or-identify
(moz) signal that isto be appended to datathat is sent to the external device, or mark the end of
datathat is received from the external device.

This second Driver488/SUB
configuration example displays Driver488/SUB Configuration Utility Version X.X All Rights Reserved
an |EEE interface with the Interfaces Configuration
NB488 interface module Name: IEEE
specified. This screen —eEE |IEEE Bus Address 21
resembl es the previous |EEE CoMm interrupt: 7
X g ysController (X)
interface example with the _II__!ghtPetn( ) X)
. . Imeout (ms):
exception of 3 different Device Type: ;105(2108%
configuration parameters which LPT Port LPT1
i Enable Printer Port X
are described below. TPT Port Ty (St;ndard
Configuration Parameters fus Terms —
Char (X)((:ZR LF (X)gR LF
: ()CR ()CR
¢ !‘PT Port: TheLPT port F3: Add interface board ()LF ()LF
isthe externa parallel port £ ; None g g None
to be Connected to the F4: Delete selected board EOI (X) )
NB488. Valid selections
- Press <right arrows> to modify parameters for this interface
are L_PTl' LPT2 Of LPT3. F5: Configure Extergnal Devices F7: Jun¥prz)ar Settings F9: Quit F10: Save & Exit
Thisfield takes the place

of the |/O Addressfield.

Enable Printer Port:

Because most laptop and notebook PCs provide only one LPT port, the NB488 offers LPT pass-
through for simultaneous | EEE 488 instrument control and printer operation. |f thisoptionis
selected, a printer connected to the NB488 will operate as if it were connected directly to the LPT
port. If not enabled, then the printer will not operate when the NB488 is active. The disadvantage
of pass-through printer support is that it makes communications with the NB488 about 20%
slower.

LPT Port Type: Thisfield isused to specify whether the LPT port is a standard IBM
PC/XT/AT/PS/2 compatible port. Valid options are: Standard or 4-bit. The slower 4-bit option is
provided for those computers which do not fully implement the IBM standard printer port. These
computers can only read 4 bits at atime from the NB488 making communication with the NB488
up to 30% dlower.

Configuration Utility for NB488

A test program has been provided with NB488 to help identify the user’s LPT port type. Once the
NB488 isinstaled, type: NBTEST . EXE. Thisprogram will determine if your computer can
communicate with the NB488 and what type of LPT port isinstalled (Standard or 4-hit).

It isimportant to note there are four different versions of the NB488 driver. The conrieg utility
determines which is to be used based on the user-defined parameters. If both pass-through printer
support and the 4-bit LPT port support are selected, then the communication with the | EEE 488 bit
may be slowed as much as 40% compared with the fastest case in which neither option is selected.
The actual performance will vary depending on the exact type and speed of the computer used.

To save your changes to disk, press <F10>, or to exit without making any changes, press <r9>. All
changes will be saved in the directory where you installed Driver488/SUB. If at any time you wish to
alter your Driver488/SUB configuration, simply rerun CONFIG.
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Configuration of Serial Interfaces

The following Driver488/SUB

screen d|sp| ays the Driver488/SUB Configuration Utility Version X.X All Rights Reserved
configuration of aserial (COM) Interfaces Configuration
interface. Name: COM
Elaud Rate: 9600
. . oW:
To add another serial interface, - };Egﬁ Interrupt%f 4
Input Buffer: 1000
select <F3>. Output Buffer: 1000
. L Parity: CTS Timeout: 1000
Thefollowing seria interface Data Bits: 8 DSR Timeout: 0
. Stop Bits: 1 DCD TImeout: 1000
parameters are available for Timeout (ms): 10000
‘e . Device Type:  Serial
modification. I/O Address:  3F8
. ) Bus Terms
Configuration Parameters In Out
Char )8R LF () gs LF
e ey JCR ()
e Name: Thisfieldisa F3: Add interface board JLF  ()LF

descriptive instrument
name which is manually
assigned. Thismust bea _ _ .

. Press <right arrows> to modify parameters for this interface
unique name. F5: Configure External Devices F7: Jumper Settings F9: Quit F10: Save & Exit
Baud Rate: The
allowable Data Rates range
from 75 to 115.2K and all
standard ratestherein. Thisincludes: 75, 110, 150, 300, 600, 1200, 1800, 2400, 4800, 9600,
19.2K, 38.4K, 57.6K, and 115.2K. Slower processors may have difficulty at the higher data rates
because of the amount of processing required for terminator, end of buffer, and fill processing.

. )ODOA ( )ODOA
F4: Delete selected board EOI () {

(
E
{X) None (X) None
(

Configuration Utility for Serial Interfaces

Flow: x-oN/x-oFF issupported. With this configured, Driver488/SUB scansincoming
characters for an x-oFF character. Onceit is received, no more characters are transmitted until an
X-ON character isreceived. The driver also issues an x-0FF to ask the attached device to stop
sending when itsinternal buffer becomes three-quarters full and issues an x-oN when its buffer has
emptied to one-quarter full.

Interrupt: A hardware interrupt level can be

specified to improve the efficiency of the I/O ”%(C):R)Anim T_)(/:r;: Icall In;e;rupt Reve
adapter control and communication using typ! AL
Driver488/SUB. For any use of onEvent COM2 typ!cally level 3

and arm functions, an interrupt level must be COM3 typicaly level 4 or 5
selected. If no interrupt level isto be used, com4 typically level 2 or 3

select NONE. Valid interrupt levels depend
on the device type:

Input Buffer: Thisfield isused to enter the buffer sizesfor 1/0.
Output Buffer: Thisfield isused to enter the buffer sizesfor 1/0.
Parity: Parity can be EVEN, ODD, NONE, MARK, or SPACE.

CTSTimeout: Thedriver supports 3 hardware handshake lines: Data Carrier Detect (pcp), Data
Set Ready (DsR), and Clear To Send (cTs). Each line can be individually designated to be
ignored, used with no specified timeout, or used with a selected timeout. The timeout is selected
by specifying the number of milliseconds to wait for the indicated condition to become satisfied.

Data Bits: Dataformats from 5 though 8 Data Bits are supported.

DSR Timeout: The driver supports 3 hardware handshake lines: Data Carrier Detect (Dcb), Data
Set Ready (DsR), and Clear To Send (cTs). Each line can be individually designated to be
ignored, used with no specified timeout, or used with a selected timeout. The timeout is selected
by specifying the number of milliseconds to wait for the indicated condition to become satisfied.

Stop Bits: With 6, 7, or 8 Data Bits specified, either 1 or 2 Stop Bitsare allowed. With 5 Data
Bits specified, 1 or 1.5 Stop Bits may be selected.
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e DCD Timeout: Thedriver supports 3 hardware handshake lines. Data Carrier Detect (pcp), Data
Set Ready (DsRr), and Clear To Send (cTs). Each line can be individually designated to be
ignored, used with no specified timeout, or used with a selected timeout. The timeout is selected
by specifying the number of milliseconds to wait for the indicated condition to become satisfied.

e Timeout (ms): Thetime out period isthe amount of time that data transfers wait before assuming
that the device does not transfer data. 1f the time out period elapses while waiting to transfer data,
an error signal occurs. Thisfield isthe default timeout for any bus request or action, measured in
milliseconds. If no timeout is desired, the value may be set to zero.

e Device Type: Thisfield specifiesthe type of device represented by the serial external device

name sel ected.

* /O Address: Thel/O Addressisthe |/O Comm. | Default Address Values
computer bus address for the board. It isset to COM1 typically address 3F8
default values during the initial installation. COM?2 typically address 2F8
These values, aslisted in the table, can be COM3 typically address 3E8
changed. However, using the pre-selected coMA typically address 2E8

valuesisrecommended. Any conflict will be
noted by a pop-up help screen.

e BusTerminators:. The busterminators specify the charactersto be appended to data that is sent
to the external device, or mark the end of data that is received from the external device.

Configuration of IEEE 488 External Devices

Configuration of |EEE 488 external devices under Driver488/SUB is done by editing an initialization
file that stores the specific configuration information about all of the configured external devices. The
configuration for each device is set when the Driver488/SUB loads itself into memory and is present at
the start of the application program.

Each external device requires a handle to communicate with Driver488/SUB. An external device
handle is a means of maintaining arecord about 3 configurable items: its |EEE 488 bus address, its

| EEE 488 bus terminators, and its time out period. Any communication with the external device uses
these three items. The different configurable items are listed in the following figure. These items
define the external device. All external devices have either a default value or a user supplied value for
the different fields. All fields can be changed by Driver488/SUB commands during program

execution.
The following figure displays
the configuration screen of an | IZt)ri\;er488/SUB Configuration Utility Versio(;\ XfX All Fights Reserved
external device named pMM195. neaces ontiguration
R R Name: DMM195
When configuring an |IEEE IEEE Bus Address 16 Secondary None
i i == DMM195
interface, this screen can be D
accessed by selecting <F5>: WAVE ,

. TIMER Timeout (ms): 10000
Configure External Device Type: External Device
Devices.

To add additional devices, use
<F3>. Notethis externa Bus Terms
device screenis also used to Char ( )(':’;{ L ()CLIIRtLF
configure MP488CT Digital _ (JCR  ()CR
F3: Add interface board ()LF ()LF

1/0 (p1GI0) and (X) None ~ (X) None

H . 0D 0A 0D 0A
Counter/Timers (TIMER). F4: Delete selected board | £, $X)) ﬁx))
The followi ng parameters ae Press <right arrows> to modify parameters for this interface
available for modification: F5: Configure External Devices F7: Jumper Settings F9: Quit F10: Save & Exit

Configuration Parameters Configuration Utility for External Devices

e Name External device
names are user defined names which are used to convey the configuration information about each
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device, from the initialization file to the application program. Each external device must have a
name to identify its configuration to Driver488/SUB. The name can then be used to obtain a
handle to that device which will be used by all of the Driver488/SUB commands. External device
names consist of 1 to 32 characters, and the first character must be aletter. The remaining
characters may be letters, numbers, or underscores (). External device names are case
insensitive; upper and lower case letters are equivalent. apc isthe same device as adc.

e |EEE BusAddress. Thisisthe setting for the IEEE 488 bus address of the board. It will be
checked against all the devices on the bus for conflicts. The IEEE 488 bus address consists of a
primary address from 00 to 30, and an optional secondary address from 00 to 30. Where required,
Driver488/SUB accepts a secondary address of -1 to indicate “NONE.”

e Timeout (ms): Thetime out period isthe amount of time that data transfers wait before assuming
that the device does not transfer data. 1f the time out period elapses while waiting to transfer data,
an error signal occurs. Thisfield isthe default timeout for any bus request or action, measured in
milliseconds. If no timeout is desired, the value may be set to zero.

o Device Type: Thisfield specifiesthe type of device represented by the external device name
selected.

e BusTerminators: The |EEE 488 bus terminators specify the character(s) and/or end-or-identify
(moz1) signal that isto be appended to datathat is sent to the external device, or mark the end of
datathat is received from the external device.

Note: Because secondary addresses and bus terminators are specified by each handle, it may be
useful to have several different external devices defined for asingle |IEEE 488 bus device. For
example, separate device handles would be used to communicate with different secondary
addresses within adevice. Also, different device handles might be used for communication of
command and status strings (terminated by carriage return/line feed) and for communication
of binary data (terminated by Eox).

Note: If installation or configuration problems exist, refer to “ Section IV: Troubleshooting.”

To save your changesto disk, press <F10>. All changes will be saved in the directory where you
installed Driver488/SUB. If at any time you wish to alter your Driver488/SUB configuration, simply
rerun CONFIG..

9C. External Device Interfacing
Topics
®  INErOAUCTION. ... 11-141
SUDFrOUtiNg CallS........oooiiiiiiii e 11-142
e Configuration of Named DeVICES ...........ccuvvviiiiiiieeeeeeeiiiieenn 11-142
o Use of EXternal DeVICES...........ccccuiiiiiiiiiiiiiiieeee e 11-143
e Extensions for Multiple Interfaces.........ccccccccceeeiiiiiiiiieeiiiinnnn. 11-144
Duplicate DevIiCe NAMES. .......coi i 11-144
Access of Multiple INterfaces........ccoovvviiiiii i 11-144
EXAMPIE ..o e 11-145
Introduction
This Sub-Chapter is atechnical review of external device interfacing. It contains information on how
to use external devices and multiple interfaces.
Driver488/SUB controls I/O adapters and their attached external devices. Inturn, Driver488/SUB is
controlled via subroutine calls.
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Driver488/SUB communicates directly with I/O adapters such as an |EEE 488 interface board or a
serid (RS-232C) port. More than one 1/O adapter may reside on a single plug-in board. For example,
an RS-232C board often contains two or four functionally separate I/O adapters, one for each port. The
| EEE 488 interface board contains the |EEE 488 1/O adapter.

I/O adapters connect to external devices such as digitizers, multimeters, plotters, and oscilloscopes
(IEEE 488 interface); and serial devices such as printers, plotters, and modems (serial RS-232C port).
Driver488/SUB allows direct control of both | EEE 488 external devices and other external devices
such as an RS-232C plotter.

Driver488/SUB is controlled by sending data and commands and receiving responses and status by
subroutine calls. This method isthe only Application Program Interface, API, available to connect the
application (user’s) program to Driver488/SUB.

Subroutine Calls

The subroutine API isalibrary of subroutines linked to the application program that are invoked like
any other subroutinesin that programming language. Once invoked, these routines can control
Driver488/SUB.

Configuration of Named Devices

Named devices provide a method to maintain a permanent record of an external device's configuration
that does not change between application programs. Once the configuration of a particular external
deviceis established, its Driver488/SUB configuration for that device will remain the same until the
next time you reconfigure it or unload and reload the driver. The external devices supported by
Driver488/SUB are: | EEE 488 external devices and serial external devices.

External devices are most easily configured at installation. For Driver488/SUB, the device names,
terminators, timeout period, and bus addresses may be entered into a configuration file which contains
the device configuration information. This configuration file is automatically read during driver load to
install the configured named devices. The application program can then refer to the external device by
name and have all of the configuration information automatically set.

Every device to be accessed by Driver488/SUB must have a valid device name. Driver488/SUB comes
with several device and interface names preconfigured for use. Among those already configured for the
GP488B board, for example, are; IEEE and DEV. Y ou can configure up to 32 external devices for each
|IEEE 488 interface. DEV can be used to create other devices.

It isalso possible to configure new named devices by using the Driver488/SUB command
MakeDevice. TheMakeDevice command creates atemporary device that isanidentical copy of an
already existing Driver488/SUB device. The new device has default configuration settingsidentical to
those of the existing device. The new device can then be reconfigured by calling the proper functions,
such asBusAddress, IntLevel, and Timeout. When Driver488/SUB is closed, the new deviceis
forgotten unless the KeepbDevice command is used to make it permanent.

The following code illustrates how the subroutine APl version of the MakeDevice command could be
used to configure several new named devices. Using the C language subroutine interface, three named
devices can be configured as follows:

dev = OpenName (“dev”)

dmm = MakeDevice (dev, “DMM”) ;

if (dmm == -1) {process error . . .}
err = BusAddress (dmm, 16, NOADDRESS) ;
if (err == -1) {process error . . . }
term.EOI = TRUE;

term.nChars = 2;

term.termChar [0] = ‘\r’;
term.termChar [1] = ‘\n’;

err=Term (dmm, &term, BOTH) ;
if (err == -1 {process error . . . }

Personal488 User’s Manual, Rev. 3.0 11-143

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



9C. External Device Interfacing

I1. SOFTWARE GUIDES - 9. Driver488/SUB

adc = MakeDevice (dev, “ADC”);
if (a == -1) {process error .
err = BusAddress (adc,14,00);

if (err == -1) {process error .

term, EOI = FALSE;
term.nChars = 1;
term.termChar [0] = ‘\n’;
err = Term (adc,&term,BOTH) ;

if (err == -1) {process error .

scope = MakeDevice (dev,”SCOPE”) ;
if (scope == -1) {process error .
err = BusAddress (scope,12,01);
if (err == -1) {process error .

term.EOI = TRUE;
term.nChars = 0;
err = Term (scope,&term,BOTH) ;
if (err == -1) {process error.

Use of External Devices

DevHandleT ieee;

The above example defines the following: An external device named pmum (digital multimeter) as
device 16 with bus terminators of carriage return (\r), line feed (\n), and Eoz; a second external
device named apc (analog-to-digital converter) as device 14 with bus terminators of carriage return
and line feed (together as \n); and a third external device named scopE (oscilloscope) as device 12
with bus terminators of Eoz only.

External devices defined in a configuration file are permanent. Their definitions last until they are
explicitly removed or until the configuration file is changed and Driver488/SUB is restarted. Devices
defined after installation are normally temporary. They are forgotten as soon as the program finishes.
The KeepDevice command can be used to make these devices permanent. The RemoveDevice
command removes the definitions of devices even if they are permanent. These commands are
described in further detail in the “ Section I11: Command Reference” of this manual.

When using subroutine Application Program Interface (API) functions, it isfirst necessary to obtain a
device handle for the device(s) with which you wish to interact.

When using Driver488/SUB, the openName function must be the first function called in the program.
It takes the name of the device to open and returns a handle for the specified interface board or device.
Every other function can then use that handle to access the device.

The following program illustrates how Driver488/SUB might communicate with an anal og-to-digital
converter (adc) and an oscilloscope (scope):

// handle to access the interface board ieee

DevHandleT adc; // handle to access a ADC488

DevHandleT scope; // handle to acess the scope

DevHandleT deviceList [5]; // array containing a list of device handles;
int err;

Communication with asingle device:

adc = OpenName (“ADC”) ;

If you use several devices, you must open each one:

ieee = OpenName (“IEEE”) ;
scope = OpenName (“SCOPE”) ;

deviceList [0] = adc; // Add adc to the list of devices
devicelList [1] = scope // Add oscilloscope to the list of devices
deviceList [2] = -1 ; // End of list marker

Abort (ieee) ; // Send Interface Clear (IFC)

Output (scope, “SYST:ERR:?”); // Read SCOPE error status

Enter (scope,data) ;
printf (data) ;
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Output (adc, “AO0O Cl1l GO R3 TO X”) ; // Set up ADC488
Enter (adc,data) ;
printf (data) ;

ClearList (deviceList) ; // Send a Selected Device Clear (SDC) to a list
Close (adc) ; // Close ADC488. Handle is now unavailable for
// access.

If wetried to call output by sending the handle ade without first opening the name apc, an error
would result and output would return a - 1 as shown below:

result = Output (adc, “AO0 Cl1l GO R3 TO X”);
printf (“Output returned: %d.\n”,result);

should print:
Output returned: -1.

As mentioned above, named devices have another advantage: they automatically use the correct bus
terminators and time out. When a named deviceis defined, it is assigned bus terminators and atime
out period. When communication with that named device occurs, Driver488/SUB uses these
terminators and time out period automatically. Thus Term commands are not needed to reconfigure the
bus terminators for devices that cannot use the default terminators (which are usually carriage-return
line-feed E01). Itisstill possible to override the automatic bus terminators by explicitly specifying the
terminatorsin an Enter Or output command, or to change them semi-permanently viathe Term
command. For moreinformation, seethe Enter, output, and Term commands described in

“Section I11: Command References.”

Extensions for Multiple Interfaces

Driver488/SUB allows the simultaneous control of multiple interfaces each with several attached
devices. To avoid confusion, external devices may be referred to by their “full name” which consists of
two parts. The “first name” is the hardware interface name, followed by a colon separator ( : ). The
“last name” isthe externa device name on that interface. For example, the “full name” of bvm might
be 1EEE : DMM.

Duplicate Device Names
Duplicate device names are most often used in systems that consist of several identical sets of
equipment. For example, atest set might consist of asignal generator and an oscilloscope. If three test
sets were controlled by a single computer using three separate | EEE 488 interfaces, then each signal
generator and each oscilloscope might be given the same name and the program would specify which
test set to use by opening the correct interface (openName (“IEEE”) for one, OopenName (“IEEE2”)
for the other), or by using the interface names when opening the devices
(OpenName (“IEEE: GENERATOR”) for one and openName (“IEEE2 :GENERATOR”) for the other).

Unique names are appropriate when the devices work together, even if more than one interfaceis used.
If two different oscilloscopes, on two different interfaces are used as part of the same system, then they
would each be given a name appropriate to its function. This avoids confusion and eliminates the need
to specify the interface when opening the devices.

Access of Multiple Interfaces
If the computer only has one | EEE 488 interface, then there is no confusion, for every external device
isknown to be on that interface. Asnoted above, duplicate device names on one interface are not
recommended; if they exist, the most recently defined device with the requested name will be used.
When more than one interface is available and duplicate names appear on different interfaces, the
following rules apply:

1. If the externa device name is specified without its interface name, then any external device with
that name may be used. If more than one external device has that name, then the choice of which
particular external deviceis not defined.
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2. If the external device name is specified with its interface name prefixed, then that external device
on that hardware interfaceis used. If that external device is not attached to the specified hardware
interface, then an error occurs.

Example
Assume there are three |EEE 488 interfaces. IEEE, IEEE2, and IEEE3 controlling multiple devices:
SCOPE (On IEEE), DA (On IEEE2) and DA (On IEEE3). Since there are two external devices, both
named pa, their full name must be used to specify them.
We can communicate with the external devices, according to the two rules above.
scope = OpenName (“SCOPE”) ; // SCOPE on IEEE (Rule 1)
da = OpenName (“DA”) // DA on IEEE2 or IEEE3 (not specified)
da = OpenName (“IEEE2:DA”) ; // DA on IEEE2 (Rule 2)
scope = OpenName (“IEEE2:SCOPE”) ; // Error (not IEEE:SCOPE) (Rule 2)
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Introduction
The following text outlines the steps necessary to produce an application program that communicates
with Driver488/SUB. The application isthe ssimplest one possible, it merely requests the revision
number of the resident driver using the He11o command. Examples are provided in C, QuickBASIC
and Pascal. Each of these supported languages are described in more detail in each of the next three
Sub-Chapters “C Languages,” “QuickBASIC,” and “Pascal” of this Chapter. For further information
on the Hello command, seethe “Section I11: Command References’ of this manual.
C Language
To successfully operate Driver488/SUB, several declarations must be included in the user’s application
program. These declarations are found in two headers which must be included in the main module of
your C program. The two required headers can be found in the language-specific subdirectory at the
end of the path \1EEE488\SUBAPI, if installed under the default conditions.
In the same directory as the headers, are the libraries for the different memory models. One of these
libraries must be linked with your C project to resolve Driver488/SUB external references.
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Required Headers
For Microsoft C and Quick C Users

e All programs must include the following header filesto run with Driver488/SUB:
iotmc60.h
iot main.h
e These header files must be included in your test program. To do so, insert the following lines:

#include “iotmc60.h”
#include “iot_main.h”

These lines must be included at the top of your program before any calls to the Driver488/SUB
subroutine functions are made. Notice that the header file iot _main.h must be in the module
containing your main ( ) function and may not appear in any other modules.

For Turbo C Users

e All programs must include the following header filesto run with Driver488/SUB:
iottc20.h
iot main.h
e These header files must be included in your test program. To do so, insert the following lines:

#include “iottc20.h”
#include “iot main.h”

These lines must be included at the top of your program before any calls to the Driver488/SUB
subroutine functions are made. Notice that the header file iot_main.h must be in the module
containing your main ( ) function and may not appear in any other modules.

For Turbo C++ and Borland C++ Users

e All Turbo C++ programs must include the following header files to run with Driver488/SUB:

iottx20.h
iot main.h

e These header files must be included in your test program. To do so, insert the following lines:

#include “iottx10.h”
#include “iot_main.h”

These lines must be included at the top of your program before any calls to the Driver488/SUB
subroutine functions are made. Notice that the header file iot _main.h must be in the module
containing your main ( ) function and may not appear in any other modules.

Required Libraries
For Microsoft C & Quick C Users

" ow " ow

e  Driver488/SUB supports four memory models: “small,” “medium,” “compact” and “large.”
Includethe iotm60.h and iot_main.h header filesin your program and link in the proper
Driver488/SUB library files, as shown below:

iotmc60s.1ib for small memory model programs.
iotmec60m.1ib for medium memory model programs.
iotmec60c.1lib for compact memory model programs.
iotmec601.1ib for large memory model programs.

For more information on memory models, see the Sub-Chapter “ Other Languages’ in Chapter 8.

e  Usethe following command-line commands to compile and link your program. For example, the
following commands create a compact model executable file using Microsoft C:

cl/AC hello.c iotmcé60c.lib;
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or

cl/c/AC hello.c
link hello.obj,,,iotmc60c.lib;

Similarly, the following commands create a compact model executable file, using Quick C:

gcl/c/AC hello.c
glink hello.obj,,,iotmc60c.1lib;

o Usethe example test program to query Driver488/SUB for itsHello message:

#include “iotmc60.h”
#include “iot_main.h”
main ( ) {

DevHandleT ieee;

char response [100] ;

Hello (ieee,response) ;
printf (“--%s\n,response) ;

}
Upon execution, the following response is printed on the screen:

-- Driver488 ver 4.0........

To run this program, Driver488/SUB must be installed and resident. Successful operation of this
program proves that the driver isinstalled and the Driver488/SUB subroutines were properly
linked to the application program. Errorsin setting up board parameters like DMA channel and
interrupts will not be detected by this program.

For TurboC Users

" ow " ow

e  Driver488/SUB supports four memory models: “small,” “medium,” “compact” and “large.” (See
the Sub-Chapter “Other Languages’ in Chapter 8, for more information on memory models.)
Includethe iottc20.h and iot _main.h header filesin your program and link in the proper
Driver488/SUB library files, as shown below:

iotte20s.1ib for small memory model programs.
iottc20m.1lib for medium memory model programs.
iotte20c.1lib for compact memory model programs.
iottc201.1ib for large memory model programs.

e  Usethe following command-line commands to compile and link your program. For example, the
following commands create a compact model executable file:

tcc -mc hello.c iottec20c.lib
or

tcec -c -mc hello.c
tlink hello.obj + cOc.obj,,,cc.lib iottc20c.lib

o Usethe example test program to query Driver488/SUB for itsHello message:

#include “iottc20.h”
#include “iot_main.h”
main ( ) {
DevHandleT ieee;
char response [100];

Hello (ieee, response);
printf (“--%s\n”,response);

}
Upon execution, the following response is printed on the screen:

-- Driver488 ver 4.0........
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To run this program, Driver488/SUB must be installed and resident. Successful operation of this
program proves that the driver isinstalled and the Driver488/SUB subroutines were properly
linked to the application program. Errorsin setting up board parameters like DMA channel and
interrupts will not be detected by this program.

For Turbo C++ and Borland C++ Users

e  Driver488/SUB supports four memory models: “small,” “medium,” “compact” and “large.” (See
the Sub-Chapter “Other Languages’ in Chapter 8, for more information on memory models.)
Includethe iottx10.h and iot_main.h header filesin your program and link in proper
Driver488/SUB library files, as shown below:

iottx10s.1ib for small memory model programs.
iottx10m.1lib for medium memory model programs.
iottx10c.1ib for compact memory model programs.
iottx101.1ib for large memory model programs.

e  Usethe following command-line command to compile and link your program. For example, the
following commands create a compact model executable file using Turbo C++:

tcc -mc hello.c iottxl0c.lib
or

tcc -c -mc hello.c
tlink hello.obj + cOc.obj,,,cc.lib iottxl0c.lib

Similarly, these commands create a compact model executable file, using Borland C++:

bcec -mc hello.c iottxl0c.lib
or

bce -c¢ -mc hello.c
tlink hello.obj + cOc.obj,,,c.lib iottxl0c.lib

o Usethe example test program to query Driver488/SUB for itsHello message:

#include “iottx10.h”
#include “iot_main.h”
main ( ) {
DevHandleT ieee;
char response [100];

Hello (ieee, response);
printf (“--%s\n”, response);

}
Upon execution, the following response is printed on the screen:

-- Driver488 ver 4.0........

To run this program, Driver488/SUB must be installed and resident. Successful operation of this
program proves that the driver isinstalled and the Driver488/SUB subroutines were properly
linked to the application program. Errorsin setting up board parameters like DMA channel and
interrupts will not be detected by this program.

QuickBASIC

To successfully operate Driver488/SUB, a definition file must be included in the user’s application
program. This definition file can be found in the \1EEE488\SUBAPI\QB45 subdirectory, if installed
under the default conditions.

In the same directory as the definition file, are the libraries needed to access Driver488/SUB from
QuickBASIC.
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Required Definition File

All programs must include the iotmgb45 . def definition file to run with Driver488/SUB. Toinclude
this program in your test program, insert the following line:

*$INCLUDE: ‘iotmgb45.def’

Thisline should be included at the top of your program before any calls to the Driver488/SUB
subroutine functions are made.

Required Libraries

Pascal

Driver488/SUB can be accessed from QuickBASIC using the integrated environment and the DOS
command line. If the QuickBASIC integrated environment is used, the iotmgb45.qlb quick library
must be loaded into QuickBASIC. To do so, start QuickBASIC with the following DOS command:

gb /liotmgb45.qlb
If the command line compiler isused, the iotmgb45.1ib library must be linked with your program
with the following commands:

bc hello.bas;
link hello.obj,,,iotmgb45.1libc:\gb45\brun45.1ib;

Use the example test program to query Driver488/SUB for itsHello message:

*$INCLUDE: ‘iotmgb45.def’
response$ = SPACES (100)

rv% = iohello% (ieee%, response$)
PRINT response$
END

Upon execution, the following response is printed on the screen:

-- Driver488 ver 4.0........

To run this program, Driver488/SUB must be installed and resident. Successful operation of this
program proves that the driver isinstalled and the Driver488/SUB subroutines were properly linked to
the application program. Errorsin setting up board parameters like DMA channel and interrupts will
not be detected by this program.

To successfully operate Driver488/SUB, alibrary file must be included in the user’s application
program. The required library can be found in the language-specific subdirectory at the end of the path
\IEEE488\SUBAPI\TPASGO, if installed under the default conditions.

Required Libraries

All programs need to include the following library file to run with Driver488/SUB:
iottp60.tpu

Thislibrary file must be included in your test program. To do so, insert the following line:
uses iottp60;

Thisline must be included at the top of your program before any calls to the Driver488/SUB subroutine
functions are made.

Use the following command-line commands to compile and link your program. For example, the
following command creates a compact model executable file:

tpc hello.c

Use the example test program to query Driver488/SUB for itsHello message:
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program hello;

uses iottp60;

var

ieee : Integer; { Device handles }

response : string; { Text buffer for Driver488/SUB responses }
rv : Integer ; { General purpose return value }

begin
{ Query Driver488/SUB for its hello message }
rv:=ioHello (ieee, response) ;
Writeln (response) ;

end.

Upon execution, the following response is printed on the screen:

-- Driver488 ver 4.0........

To run this program, Driver488/SUB must be installed and resident. Successful operation of this
program proves that the driver isinstalled and the Driver488/SUB subroutines were properly linked to
the application program. Errorsin setting up board parameters like DMA channel and interrupts will
not be detected by this program.

9E. C Languages

Topics
o Accessing from a C Program.........ccccooeeeeeiiiiiiiiiiiiiiiiaee e eeeeeeeeeinns 11-150
e Establishing Communications ...........oooovvviiiiiiiiiiieeeeeeeeeiinn 11-151
e Confirming CommuUNICAtION ..........iiiiiiiiiiiiiiiie e 11-152
e Setting Up Event Handling ...........cccooviiiiiiiiiiiiiiiieeeeeeeeiinn, 11-152
o Reading Driver StatusS...........ccoiiiiiiiiiiii e 11-152
o External Device Initialization............cccooviiiiiiii, 11-153
o Interrupt HaNAIiNg .......oovviiiiiiiii e 11-153
e Basic Data ACQUISTEION .......ccooiiiiiiiiiiiiiae e 11-154
o Block Data ACQUISITION ......coooiiiiiiiiiiiiii e 11-154
o SAMPIe Program ...t 11-155
o ComMMANd SUMMANY ....uuuiiiiiiiieiiiiiiiiiiae e e eeeetis e e e e e e eeenaenens 11-158

Accessing from a C Program
Note: Subroutines may be used with all C languages except Aztec C.

Driver488/SUB provides support for Microsoft C, Turbo C and Borland C. To allow for ready access
to al Driver488/SUB functions and type definitions, an include file provides all required declarations.
In addition, one include file must be included in the main module to provide for automatic detection of
certain compiler options and enable the required adjustments within the driver. Note that the header
files (* . h) must be included in your program and linked to the proper Driver488/SUB library files, as
described in the previous Sub-Chapter “ Getting Started.” The following #include directives should
appear near the beginning of the main module.

e For Borland C compilers:

#include “iot main.h”
#include “iotbc20.h”

e For Microsoft compilers:

#include “iot_main.h”
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#include “iotmc60.h”

e For Turbo C++ and Borland C++ compilers:

#include “iottx10.h”
#include “iot_main.h”

Notice that the header file iot _main.h must be in the module containing your main ( ) function and
may not appear in any other modules.

The following declarations are assumed through the remainder of this discussion:

DevHandleT adc,adc2,ieee,dev; /*Device handles*/

int hundred [100]; /*Driver488/SUB status structure*/

char response [256]; /*Text buffer for Driver488/SUB responses*/
int i; /*General purpose loop counter*/

float voltage; /*Single reading variable*/

float sum; /*Summation used to compute average*/
IeeeStatusT substat; /*Driver488/SUB status structure*/

int sp, stadc; /*Driver488/SUB and ADC488 spoll response*/
int errnum; /*ADC488 error number*/

char errtext [64]; /*ADC488 error response*/

TermT noterm; /*Driver488 terminator structure*/

Establishing Communications

For the sake of this discussion, assume that Driver488/SUB has been configured to start with a
configuration including the devices 1EEE (IEEE 488 interface) and apc (ADC488/8S connected to the
|EEE 488 interface). Additional interfaces and/or devices may also have been defined, as the driver
can support up to 4 interfaces and 56 devices simultaneously. To open the two devices of interest, we
use the following statements:

ieee = OpenName (“IEEE”)
adc = OpenName (“ADC”) ;

If the apc was not configured within Driver488/SUB, it can be optionally created “onthefly.” First,
verify that opening the abc failed, then use the cetError command to clear the error condition
generated by thisfailure. Next, use the handle of the device bEVIEEE, which is aways available within
Driver488/SUB, to clone a new device called apc using the MakeDevice command. Lastly, the IEEE
bus address 14 is assigned to the apc:
if ((adc=OpenName (“ADC”))==-1) {
GetError (ieee,response);
dev=OpenName (“DEVIEEE”) ;

adc=MakeDevice (dev,”ADC”);
BusAddress (adc,14,-1);

}

If other devices were needed for the application at hand, they could either be defined in the startup
configuration for Driver488/SUB or they could be created “on the fly” from the application:

adc2=MakeDevice (adc,”ADC2”) ; / *Clone a new device */
BusAddress (adc2,10,-1) ; // Set the bus address

The new device apc2 is configured to reside at a different bus address so that the two devices may be
distinguished. Thereisone other important difference between abc and abc2 at thispoint. Abc2 isa
temporary device; that is, as soon as the creating application closes, Apc2 ceasesto exist. If our intent
was to create a device that could be accessed after this application ends, we must tell Driver488/SUB
this:

KeepDevice (adc2) ;

After executing the previous statement, abc2 is marked as being permanent; that is, the device will not
be removed when the creating application exists. If we later wish to remove the device, however, we
can do so explicitly:

RemoveDevice (adc2) ;
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Confirming Communication

With or without an open device handle, the application can, if desired, confirm communication with
Driver488/SUB viathe Hel1lo function:

Hello (ieee,response) ;
printf (“%s\n”,response) ;

The function also fillsin a string, from which information can be extracted if it is desirable to display
facts about the driver in use.

Setting Up Event Handling

If the event notification mechanism of Driver488/SUB isto be used, it should normally be set up
during application initialization and left in place until application shutdown. No specia actionis
required if event naotification is not needed for the particular application. First, the onEvent function
establishes the notification path by specifying the function to be called, as follows:

OnEvent (ieee,isr, (OpaqueP)O0) ;

Either during initialization or at some appropriate later point in the application, specific event types
may be armed or pisarmed for use in the event system. Individual event types may be turned on and
off at will freely through the life of the application. In this case, we arm to request notification of

| EEE 488 bus service requests:

Arm (ieee,acSRQ) ;

To cease recognizing bus service requests, we might bisarm just the one class of events:
Disarm (ieee,acSRQ) ;

Or, to completely disable event notifications:
Disarm (ieee,0) ;

Note that an external device handle is acceptablein this and other functions which actually refer to the
interface; the external device handle will simply be trandated to the handle of the interface to which the
deviceis attached, prior to taking action. Thistrandation isfully automatic within Driver488/SUB and
requires little overhead, so you need not and should not go to great lengths to pass an interface handle,
if your application structure makes the use of external device handles the more logical choice.

Reading Driver Status

Y our application may interrogate Driver488/SUB at any time to determining its status and other
information. status information is returned in a structure provided by the application and can be
displayed by the showstat function shown below:

Status (ieee, &substat) ;
showstat (&substat) ;

Another function to display the information contained in the status structure could be:

void showstat (IeeeStatusT * substattt) {

printf (“SC : %d\t”,substat->SC) ;
printf (“CA : %d\t”,substat->Ca) ;
printf (“Primaddr : %d\t”,substat->Primaddr) ;
printf (“Secaddr : %d\n”,substat->Secaddr) ;
printf (“SRQ : %d\t”,substat->SRQ) ;
printf (“addrChange : %d\t”,substat->addrChange) ;
printf (“talker : %d\t”,substat->talker) ;
printf (“listener : %d\n”,substat->listener) ;
printf (“triggered : %d\t”,substat->triggered) ;
printf (“cleared : %d\t”,substat->cleared) ;
printf (“transfer : %d\t”,substat->transfer) ;
printf (“bytelIn : %d\n”,substat->byteIn) ;
printf (“byteOut : %d\n”,substat->byteoOut) ;
}
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External Device Initialization

Refer to the device manufacturer’ s documentation on specific requirements for initializing your
|EEE 488 instrument. In the case of the ADC488, appropriate initialization involves sending it a
Clear command and placing it into Remote mMode:

Clear (adc) ;
Remote (adc) ;

For our hypothetical application, we also wish to have the ADC488 generate a service request should it
detect acommand error. Thisinvolves sending a command string consisting of textual datato the
ADCA488:

Output (adc, “M8X”)

We may also wish to perform other initialization and configuration. In this case, we set up the
ADCA488 (adc) in the following configuration:

/* Setup the ADC488
Differential inputs (20)
Scan group channel 1 (Cl)
Compensated ASCII floating-point output format (GO)
Channel 1 range to +/-10V (R3)
One-shot trigger on talk (T6)

*

/

The command to perform this configuration combines the above strings and adds the Execute (x)
command for the ADC488:

Output (adc,”A0C1lGOR3T6X")

Interrupt Handling

In case we send out an invalid command, either due to a programming error or an unanticipated
condition in the equipment, Driver488/SUB will automatically notify the interrupt handling function as
established above:

Output (adec,”V13X”)

Theinterrupt handler as established above might consist of afunction similar to the following:

void isr (OpaqueP param) {
int sp,
stadc,
errnum;
char errtext [64] ;

/* Print parameter passed to isr to screen */
printf (™ In intrrupt handler, param=%d\n”,param) ;

/* Check if the intrrupt was due to a Service Request */
sp=SPoll (ieee) ;
if (sp==0) ({

printf (™ No SRQ detected\n”)

exit (1) ;

}

/* Check that the Service Request was from the ADC488 */
stadc=SPo;1 (adc) ;
if ((stadc&0x40)==0) {

printf (™ Not an ADC488 SRQ.\n”) ;

exit (1) ;

}

/* Interpret the Serial Poll response */
if (stadc&0x01)

printf (“ Triggered\n”)
if (stadc&0x02)
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printf (“ trigger overrun\n”)
if (stadc&0x04)
printf (™ Buffer overrun\n”)
if (stadc&0x08) {
/* Read and interpret the ADC488 error status */
printf (“ ADC488 error\n”)
Output (adc,”E?”) ;
Enter (adc,errtext) ;
sscanf (errtext,”E%d”,&errnum) ;
if (errnum&0x01)
printf (% 1Invalid DDC\n”)
if (errnum&0x02)
printf (% 1Invalid DDC option\n”)
if (errnum&0x04)
printf (% Conflict error\n”) ;
if (errnum&0x08)
printf (™ NVRAM setup error\n”)
if (errnum&0x10)
printf (% Calibration error\n”)
if (errnum&0x20)
printf (% NVRAM calibration error\n”)

if (stadc&0x20)
printf (“ Ready\n”) ;
if (stadc&0x40)
printf (“ SRQ asserted\n”)
if (stadc&0x80)
printf (“ Data acquisition complete\n”)
/* Set up interrupt pointers */
OnEvent (ieee, isr, (OpaqueP)0) ;

}

Basic Data Acquisition

With both Driver488/SUB and the external device ready for action, we next might try taking asimple
reading using the ADC488. Here, we use the serial poll (spo11) capabilities of Driver488/SUB to
determine when aresponse is ready and to format the reply:

while ((SPoll (adc) & 32) ==0) ;

Enter (adc, response) ;

sscanf (response,”%£f”, &voltage) ;

printf (“ADC488 channel #1 reading valve is %g\n”,voltage) ;

Block Data Acquisition
First, we set up the ADC488 (adc) in the following configuration:

/* Setup the ADC488:
Compensated binary output format (G10)
100 usec scan interval (I3)
No pre-trigger scans, 100 post-trigger scans (N100)
Continuous trigger on GET (T1)

*/
We then wait for the ADC488 to start the acquisition process. Once the acquisition is complete, which

is determined by the MSB of the ADC488's seria poll response, the buffer pointer of the ADC488 is
reset (o).

Output (adc, “G1l0I3N100T1X”) ;

/* wait for the ready bit of the ADC488 to be asserted */
while ((SPoll(adc) & 32) == 0);

/* Trigger the ADC488 */
Trigger (adc) ;

/* wait for the acquisition complete bit of ADC488 to be asserted */
while ((SPoll(adc) & 128) == 0);
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/* Reset the buffer pointer of the ADC488 */
Output (adc, “BOX”);

Next, we fill the buffer with 100 readings from the ADC488. Since the data being returned from the
ADCA488 isin abinary format, the noterm terminator structure is used to disable scanning for
terminators such as carriage-return and line-feed:

noterm.EOI=0 ;
noterm.nChar=0 ;
EnterX (adc, (char*) hundred,200,1,&noterm,1,0L) ;

The Enterx function will use a DMA transfer if available. Because DMA transfers are performed
entirely by the hardware, the program can continue with other work while the DMA transfer function
occurs. For example, the program will process the previous set of data while collecting a new set of
datainto adifferent buffer. However, before processing the data we must wait for the transfer to
complete. For illustration purposes, we query the Driver488/SUB status both before and after waiting.

/* Display DRIVER488/W31l status */
Status (ieee, &substat) ;
showstat (&substat) ;

/* Wait for completion of input operation*/
Wait (adc) ;

/* Display DRIVER488/W31l status */
Status (ieee, &substat) ;
showstat (&substat) ;

Now we process the buffer:

/* Print the received characters */
for (i=0;id;i++) {
printf (“%6d”,hundred [i]) ;
if ((i%10)==9)
printf (“\n”)

}

The functions described so far in this Sub-Chapter provide enough functionality for a basic data
acquisition program. The following program listing covers the examples used. Additional functions
provided by Driver488/SUB are described in the “ Section I11: Command References’ of this manual.

Sample Program

#include<stdio.h>
#include<stdlib.h>
#include<string.h>
#include”iot main.h”
#include”iottx10.h”

void showstat (IeeeStatusT¥*) ;
void isr (OpaqueP) ; /*handle inerrupt*/

DevHandleT adc, ieee, dev;
int hundred[100] ;

void main ( )

{

char response [256] ;

int i;

float voltage,
sum;

IeeeStatusT substat ;

/*establish communications with Driver488/SUB*/

if ((ieee=OpenName (“IEEE”))==-1) {
printf (“Cannot initialize IEEE system.\n”) ;
exit (1) ;

}
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/*Disable the automatic onscreen error display*/
Error (ieee,OFF) ;

/*Open the ADC488 devie handle or create if necessary*/
if ((adc=OpenName (“ADC”))==-1 ({

GetError (ieee,response) ;

dev=OpenName (“DEVIEEE”) ;

adc=MakeDevice (dev,”ADC”) ;

BusAddress (adc,14,-1) ;

}

/* Read the Driver488/SUB revision number */
Hello (ieee,response) ;
printf (“%s\n”,response) ;

/*Set up interrupt pointers */
OnEvent (ieee,isr, (OpaqueP)0) ;

/*Enable Driver488/SUB interrupt on Error or Service Request */
Arm (ieee,acSRQ) ;

/*Display the Driver488/SUB system status */
Status (ieee, &substat) ;
showstat (&substat) ;

/*Put the ADC488 into remote mode */
Remote (adc) ;

/*Clear the ADC488*/
Clear (adc) ;

/*Enable ADC488 SRQ on command errors */
Output (adc,”M8X") ;

/*Send an invlaid command to the ADC488 */
printf (“Sending invalid ADC command\n”) ;
Output (adc,”V13X”) ;

/*Setup the ADC488:
Differential inputs (a0)
Scan grou channel 1 (Cl)
Compensated ASCII floating-point output format (GO)
Channel 1 range to +/-10v (R3)
One-shot trigger on talk (T6)
*/
Output (adc,”A0ClGOR3T6X”) ;

/*Wait for the ready bit of the ADC488 to be asserted */
while ((SPoll (adc) & 32 ==0) ;

/*Display a reading */

Enter (adc, reponse) ;

sscanf (response,”%f”,&voltage) ;

printf (“ADC488 channel #1 reading value is %g\n”,voltage) ;

/*Display the average of 10 readings */
sum=0.0 ;
for (i=0;i;i++) {
Enter (adc,response) ;
sscanf (response,”%f”,voltage) ;
sum=sum+voltage;

}

printf (“The average of 10 readings is %g\n”,sum/10.0) ;

/*Setup the ADC488:
Compensated binary output format (G10)
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100u sec scan interval (I3)
No pre-trigger scans, 100 post-trigger scans (nl00)
Continuous trigger on GET (T1)

*/
Output (adec,”G1l0I3N100T1X") ;

/*Wait for the ready bit of the ADC488 to be asserted*/
while ((SPoll (adc) &32)==0) ;

/*Trigger the ADC488 */
Trigger (adc) ;

/*Wait for the acquisition complete bit to be asserted*/
while ((SPoll (adc) &128)==0) ;

/*Reset the buffer pointer of the ADC488 */
Output (adc,”BOX") ;

/*Take 100 readings from the ADC488* /
noterm.EOI=0;

noterm.nChar=0;

EnterX(adc, (char*)hundred,200,1,&noterm,1,0L);

/*Check the Status before and after waiting */
Status (ieee, &substat) ;
showstat (&substat) ;

/* Wait for completion of input operation */
Wait (adc);

/*Display the Driver488/SUB system status */
Status (ieee, &substat) ;
showstate (&substat) ;

/* Print the received characters */
for (i=0;id;i++) {
printf (“%6d”, hundred[i]) ;
if ((i%10)==9)
printf (“\n”) ;
}

}

/*Interrupt service routine for Driver488/SUB interrupts */
void isr (OpaqueP param) {
int sp,
stadc,
errnum;
char errtext [64] ;

/*Print parameter passed to isr to screen */
printf (™ In interrupt handler, param=%d\n”,param) ;

/* Check if the interrupt was due to a Service Request */
sp=SPoll (ieee) ;
if (sp==0) ({

printf (™ No SRQ detected\n”) ;

exit (1) ;

}

/* Check that the Service Request was from the ADC488 */
stadc=SPoll (adc) ;
if ((stadc&0x40)==0) {

printf (“ Not an ADC488 SRQ.\n”) ;

exit (1) ;

}

/* Interpret the Serial Poll response */
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if (stadc&0x01)
printf (“ Triggered\n”) ;
if (stadc&0x02)
printf (™ Trigger overrun\n”) ;
if (stadc&0x04)
printf (™ Buffer overrun\n”) ;
if (stadc&0x08) {
/* Read and interpret the ADC488 error status * /
printf (“ ADC488 error\n”) ;
errnum=5;
Output (adc,”E?”) ;
Enter (adc,errtext) ;
sscanf (errtext,”E%d”,&errnum) ;
if (errnum&0x01)
printf (“ Invalid DDC\n”) ;
if (errnum&0x02)
printf (" Invalid DDC option\n”) ;
if (errnum&0x04)
printf (“ Conflict error\n”) ;
if (errnum&0x08)
printf (“ NVRAM setup error\n”) ;
if (errnum&0x10)
printf (“ Calibration error\n”) ;
if (errnum&0x20)
printf (“ NVRAM calibration error\n”) ;

}

if (stadc&0x20)
printf (™ Ready\n”) ;
if (stadc&0x40)
printf (™ SRQ asserted\n”) ;
if (stadc&0x80)
printf (™ Data acquisition complete \n”) ;

/* Set up interrpt pointers */
OnEvent (ieee,isr, (OpaqueP) 0) ;

}

/* Display Status from Driver488/SUB */
void showstate (IeeeStatusT *substat) ({

printf (“SC : %d\t”,substat->SC) ;

printf (“CA : %d\t”,substat->Ca) ;
printf (“Primaddr : %d\t”,substat->Primaddr) ;
printf (“Secaddr : %d\t”,substat->Secaddr) ;
printf (“SRQ : %d\t”,substat->SRQ) ;
printf (“addrChange : %d\t”,substat->addrChange) ;
printf (“talker : %d\t”,substat->talker) ;
printf (“listener : %d\t”,substat->listener) ;
printf (“triggered : %d\t”,substat->triggered) ;
printf (“cleared : %d\t”,substat->cleared) ;
printf (“transfer : %d\t”,substat->transfer) ;
printf (“bytelIn : %d\t”,substat->byteIn) ;
printf (“byteOut : %d\t”,substat->byteOut) ;

}

Command Summary

To obtain a summary of the C language commands for Driver488/SUB, turn to the “Section I11:
Command References’ of this manual.
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Accessing from a QuickBASIC Program

Driver488/SUB provides support for Microsoft QuickBASIC. To allow for ready accessto all
Driver488/SUB functions and type definitions, a definition file provides all required declarations. Note
the definition file (* . de£) must be included in your program and linked to the proper Driver488/SUB
library files, as described in the Sub-Chapter “Getting Started” earlier in this Chapter. The following
$include directives should appear near the beginning of the program:

‘*$include: ‘IOTMQB45.DEF’

The following declarations are assumed throughout the remainder of this discussion.

Device handles
Driver488/SUB status structure
Text buffer for Driver488/SUB responses

DIM adc%,adc2%,ieee%,dev,%
DIM hundred% (100) ;
DIM response$ (256)

DIM i% General purpose loop counter
DIM voltage ! Single reading variable
DIM sum ! Summation used to compute average

Driver488/SUB status structure
Driver488/SUB and ADC488 spoll response
ADC488 error number

ADC488 error response

Driver488/SUB return value
Driver488/SUB terminator structure

DIM substat as Ieee status
DIM sp%,stadc%

DIM errnum%

DIM errtext$ (64)

DIM rv$%

DIM noterm as terms

7
Il
7
Il
I
Il
7
Il
7
Il
i
i

Establishing Communications

For the sake of this discussion, assume that Driver488/SUB has been configured to start with a
configuration including the devices 1EEE (IEEE 488 interface) and apc (ADC488/8S connected to the
|EEE 488 interface). Additional interfaces and/or devices may also have been defined, as the driver
can support up to four interfaces and 56 devices simultaneously. To open the two devices of interest,
we use the following statements:

ieee% = ioOpenName$% (“IEEE”)

adc% = ioOpenName$% (“ADC”)

If the apc was not configured within Driver488/SUB, it can be optionally created “onthefly.” First
verify that opening the abc failed, then use the cetError command to clear the error condition
generated by thisfailure. Next, use the handle of the device bEVIEEE, which is aways available within
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Driver488/SUB, to clone anew device called Apc using the MakeDevice command. Lastly, the IEEE
bus address 14 is assigned to the apc.

adc% = ioOpenName$% (“ADC”)

IF (adc% = 1) THEN
response$ = SPACES (256)
rv% = ioGetError% (ieee%, response$)
dev% =ioOpenName$% (“DEVIEEE”)
adc% = ioMakeDevice% (dev%,”ADC”)
rv% = ioBusAddress% (adc%,14,-1)

END IF

If other devices were needed for the application at hand, they could either be defined in the startup
configuration for Driver488/SUB or they could be created on the fly from the application:

adc2% = ioMakeDevice% (adc%,”ADC2”) ; /*Clone a new device */
rv% = ioBusAddress% (adc2%,10,-1) ; // Set the bus address

The new device apc2 is configured to reside at a different bus address so that the two devices may be
distinguished. Thereisone other important difference between apc and apc2 at this point. Apc2 isa
temporary device; that is, as soon as the creating application closes, Abc2 ceasesto exist. If our intent
was to create a device that could be accessed after this application ends, we must tell Driver488/SUB
this:

rv%=ioKeepDevice$% (adc2%) ;

After executing the above statement, abc2 is marked as being permanent; that is, the device will not be
removed when the creating application exists. If we later wish to remove the device, however, we can
do so explicitly:

rv%=ioRemoveDevice% (adc2) ;

Confirming Communications

With or without an open device handle, the application can, if desired, confirm communication with
Driver488/SUB viathe Hel1lo function:

response$ = SPACES (256)

rv% = ioHello% (ieee%,response$)

PRINT response$
The function also fillsin a string from which information can be extracted if it is desirable to display
facts about the driver in use:

Setting Up Event Handling

If the event notification mechanism of Driver488/SUB isto be used, it should normally be set up
during application initialization and left in place until application shutdown. No specia actionis
required if event notification is not needed for the particular application. First, the oNPEN GosuB and
PEN ON functions establish the notification path by specifying the function to be called:

ON PEN GOSUB isr

PEN ON

rv% = ioLightPen% (ieee%, 1)
Either during initialization or at some appropriate later point in the application, specific event types
may be armed or pisarmed for use in the event system. Individual event types may be turned on and
off at will freely through the life of the application. In this case, we arm to request notification of
| EEE 488 bus service requests:

rv% = i0Arm% (ieee%, acSRQ)
To cease recognizing bus service requests, we might bisarm just the one class of events:
rv% = ioDisarm% (ieee%, acSRQ) ;

Or, to completely disable event notifications:
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rv% = ioDisarm% (ieee%, 0) ;

Note that an external device handle is acceptablein this and other functions which actually refer to the
interface; the external device handle will simply be trandated to the handle of the interface to which the
deviceis attached, prior to taking action. Thistrandation isfully automatic within Driver488/SUB and
requires little overhead, so you need not and should not go to great lengths to pass an interface handle,
if your application structure makes the use of external device handles the more logical choice.

Reading Driver Status

Y our application may interrogate Driver488/SUB at any time to determine its status and other
information. status information is returned in a structure provided by the application and can be
displayed by the showstat function shown below:

rv%=ioStatus% (ieee%, substat)
CALL showstat (substat)

Another function to display the information contained in the status structure could be:

SUB showstat (substat AS IeeeStatus)

PRINT “SC :”; substat.SC,
PRINT “CA :”; substat.CA,
PRINT “Primaddr :”; substat.Primaddr
PRINT “Secaddr :”; substat.Secaddr,
PRINT “SRQ :”; substat.SRQ,
PRINT “addrChange :”; substat.addrChange
PRINT “talker :”; substat.talker,
PRINT “listener :”; substat.listene,
PRINT “triggered :”; substat.triggered
PRINT “cleared :”; substat.cleared,
PRINT “transfer :”; substat.transfer,
PRINT “byteln :”; substat.bytelIn
PRINT “byteOut :”; substat.byteOut
END SUB

External Device Initialization

Refer to the device manufacturer’ s documentation on specific requirements for initializing your
|EEE 488 instrument. In the case of the ADC488, appropriate initiaization involves sending it a
Clear command and placing it into Remote mode:

rv% = ioRemote% (adc%)
rv% = ioClear% (adc%)

For our hypothetical application, we also wish to have the ADCA488 generate a service request should it
detect acommand error. Thisinvolves sending a command string consisting of textual datato the
ADCA488:

rv% = ioOutput & (adc%, “M8X”)

We may aso wish to perform other initialization and configuration. In this case, we set up the
ADCA488 (adc) in the following configuration:

Differential inputs (20)

Scan group channel 1 (Cl)

Compensated ASCII floating-point output format (GO)
Channel 1 range to +/-10V (R3)

One-shot trigger on talk (T6)

The command to perform this configuration combines the above strings and adds the output
command for the ADCA488:

rv% = ioOutput& (adc%, “AO0C1lGOR3T6X”)
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Interrupt Handling

In case we send out an invalid command, either due to a programming error or an unanticipated
condition in the equipment, Driver488/SUB will automatically notify the interrupt handling function as

established above:

rv% = ioOutput & (adc%, “V13X”)

Theinterrupt handler as established above might consist of afunction similar to the following:

‘' Interrupt service routine for Driver488/SUB interrupts

isr :

‘' Print isr message to screen
PRINT “ In interrupt handler”

* Check if the intrrupt was due to a Service Request
sp% = ioSPoll % (ieee%)
IF (sp% = 0) THEN PRINT “ No SRQ detected”: END

‘' Check that the Service Request ws from the ADC488
stadc% = ioSPoll%(adc%)

IF ((stadc% AND 64)

* Interpret the Serial

IF ((stadc% AND 1)
IF ((stadc% AND 2)
IF ((stadc% AND 4)
IF ((stadc% AND 8)

>0)
>0)
>0)
>0)

0) THEN PRINT “ Not an ADC488 SRQ.”: END

Poll response

THEN PRINT “Triggered”

THEN PRINT “Trigger overrun”
THEN PRINT “Buffer overrun”
THEN

' Read and interpret the ADC488 error status

PRINT “ ADC488 error”

rv% = ioOutput & (adc%, “E?”)

errtext$ = SPACES (64)

rv% = ioEnter& (adc%, errtexts$)

errnum% = VAL (RIGHTS$ (errtex$, LEN (errtext$) - 1))

IF ((errnum

IF ((errnum

IF ((errnum

IF ((errnum

IF ((errnum

IF ((errnum
END IF

AND
AND
AND
AND
AND
AND

1) >0) THEN PRINT “ Invalid DDC”

2) >0) THEN PRINT “ Invalid DDC option”

4) >0) THEN PRINT “ Conflict error”

8) >0) THEN PRINT “ NVRAM setup error”

16) >0) THEN PRINT “ Calibration error”

32) >0) THEN PRINT “ NRRAM calibration error”

IF ((stadc% AND 32) >0) THEN PRINT “ ready “
IF ((stadc% AND 64) >0) THEN PRINT “ SRQ asserted”

IF ((stadc% AND 128)

RETURN

Basic Data Acquisition

>0) THEN PRINT “ Data acquisition complete”

With both Driver488/SUB and the external device ready for action, we next might try taking a simple
reading using the ADC488. Here, we use the serial poll (spol1) capabilities of the system to
determine when aresponse is ready and format the reply.

WHILE ((ioSPoll%(adc%) AND 32) = 0) : WEND
response$ = SPACES$ (256)

rv% = ioEnter& (adc%,
voltage ! = VAL (reponse$)

PRINT “ADC488 channel #1 rading value is “; voltage!

Block Data Acquisition

responses$)

First, we set up the ADC488 (adc) in the following configuration:

Compensated binary output format (G10)
100 usec scan interval (I3)

No pre-trigger scans

0, 100 post-trigger scans (N100)

Continuous trigger on GET (T1)
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We then wait for the ADC488 to start the acquisition process. Once the acquisition is complete, which
is determined by the MSB of the ADC488's seria poll response, the buffer pointer of the ADC488 is
reset (o).

rv% = ioOutput& (adc%, “Gl0I3N100T1X”)

WHILE ((ioSPoll% (adc%) AND 32) = 0) : WEND

rv% = ioTrigger% (adc%)

WHILE ((ioSPoll% (adc%) AND 128) = 0) : WEND

rv% = ioOutputé& (adc%, “BOX”)

Next, wefill the buffer with 100 readings from the ADC488. The noterm terminator structure is used
to disable scanning for terminators such as carriage-return and line-feed.

noterm.eoi = 0

noterm.nChar = 0

hundred$ = SPACES (200)

rv% = ioEnterX& (adc%, hundreds$, 200, 1, noterm, 1, 0)

The Enterx function will use aDMA transfer if available. Because DMA transfers are performed
entirely by the hardware, the program can continue with other work while the DMA transfer function
occurs. For example, the program will process the previous set of data while collecting a new set of
datainto adifferent buffer. However, before processing the data we must wait for the transfer to
complete. For illustration purposes, we query the Driver488/SUB status both before and after waiting.

rv% = ioStatus% (ieee%, substat)
CALL showstat (substat)

rv% ioWait% (adc%)

rv% ioStatus% (ieee%, substat)
CALL showstat (substat)

Now we process the buffer:

FOR i = 0 to 99
PRINT CVI (MID$ (hundred$, i * 2 +1, 2)) ;
IF ((iMOD 10) = 9) THEN PRINT

NEXT I

The above functions provide enough functionality for a basic data acquisition program. Additional
functions provided by Driver488/SUB are described in the “ Section 111: Command References’ of this
manual.

Sample Program

‘$INCLUDE: ' iotmgb45.def’
DECLARE SUB showstat (substat AS IeeeStatus)

COMMON SHARED adc%, ieee%, dev%

DIM hundred$ (200) , response$ (256), 1%, voltage!, sum!, substat AS
IeeeStatus

DIM rv%, noterm AS terms

\ establish communications with Driver488/SUB
ieee% = ioOpenName$% (“IEEE”)
IF (ieee% = -1) THEN PRINT “Cannot initialize IEEE system.”: END

‘ Disable the automatic onscreen error display
rv% = ioError% (ieee%, TURNOFF)

‘ Open the ADC488 device handle or create if necessary
adc% = ioOpenName$% (“ADC”)

IF (adc% = -1) THEN
response$ = SPACES (256)
rv% = ioGet Error% (ieee%, response$)
dev% = ioOpenName% (dev%, “ADC”)
rv% = ioBusAddress% (adc%, 14, -1)
END IF
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‘' Read the Driver488/SUB revision number
response$ = SPACES$ (256)

rv% = ioHello% (ieee%, response$)

PRINT response$%

‘' Set up interrupt pointers
ON PEN GOSUB isr

PEN ON

rv% = ioLightPen% (ieee%, 1)

‘' Enable Driver488/SUB interrupt on Error or Service Request
rv% = ioArm% (ieee%, acSRQ)

' Display the Driver488/SUB system status
rv% = ioStatus% (ieee%, substat)

CALL showstat (substat)

' Put the ADC488 into remote mode
rv% = ioRemote% (adc%)

' Clear the AC488
rv% = io Clear% (adc%)

' Enable ADC488 SRQ on command errors
rv% = ioOutput& (adc%, “M8X”)

' Send an invalid command to the ADC488
PRINT “Sending invalid ADC command”
rv% = ioOutput & (adc%, “V13X”)

' Setup the ADC488:

‘ Differential inputs (a0)

‘' Scan group channel 1 (C1)

' Compensated ASCII floating-point output format (GO)
‘' Channel 1 range to +/-10V (R3)

‘' One-shot trigger on talk (T6)

rv% = ioOutput& (adc%, “AOC1lGOR3T6X”)

* Wait for the ready bit of the ADC488 to be asserted
WHILE ((ioSPoll%(adc%) AND 32) = 0) : WEND

‘' Display a reading

response$ = SPACES$ (256)

rv% = ioEnter& (adc%, response$)

voltage ! = VAL (response$)

PRINT “ADC488 channel #1 reading value is “; voltage!

‘' Display the average of 10 readings
sum ! = 0!
FOR i = 0 TO 9

response$ = SPACES$ (256)

rv% = ioEnter& (adc%, response$)
voltage ! = VAL (response$)
sum ! = sum! + voltage !

NEXT i
PRINT “The average of 10 readings is “; sum! / 10!

' Set up the ADC488 :

‘' Compensated binary output format (G10)

* 100uSec scan interval (I3)

' No pre-trigger scans, 100 post-trigger scans (nl00)

‘' Continuous trigger on GET (T1)
rv% = ioOutput& (adc%, “G10I3N100T1X”)
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* Wait for the ready bit of the ADC488 to be asserted
WHILE ((isSPoll%(adc%)AND 32) = 0 ) : WEND

‘' Trigger the ADC488
rv% = ioTrigger% (adc%)

* Wait for the data acquisition bit of the ADC488 to be asserted
WHILE ((ioSPoll%(adc%) AND 128) = 0) : WEND

' Reset the buffer pointer of the ADC488
rv% = ioOutput& (adc%, “BOX”)

* Take 100 readings from the ADC488

noterm.eoi = 0

noterm.nChar = 0

hundred$ = SPACES$ (200)

rv% = ioEnterX& (adc%, hundreds$, 200, 1, noterm, 1, 0)

‘' Check the Status before and after waiting
rv% = ioStatus% (ieee%, substat)
CALL showstat (substat)

‘ Wait for completion of input operation
rv% = ioWait% (adc%)

rv% = ioStatus% (ieee%, substat)
CALL showstat (substat)

' Print the received characters

FOR i = 0 to 99
PRINT CVI (MIDS$ (hundred$, i, * 2 + 1, 2)) ;
IF ((i MOD 10) = 9) THEN PRINT

NEXT i

END

' Interrupt service routine for Driver488/SUB interrupts
isr:

‘' Print isr message to screen

PRINT ™ In interrupt handler”

‘' Check if the interrupt was due to a Service Request
sp% = i0oSPoll% (ieee%)
IF (sp% = 0) THEN PRINT “ No SRQ detected”: END

' Check that the Service Request was from the ADC488
stadc% = isSPoll% (adc%)
IF ((stadc% AND 64) = 0) THEN PRINT “ Not an ADC488 SRQ.”: END

‘' Interpret the Serial Poll response
IF ((stadc% AND 1) 0) THEN PRINT “ Triggered”
IF ((stadc% AND 2) 0) THEN PRINT “ Trigger overrun”
IF ((stadc% AND 4) O0) THEN PRINT “ Buffer overrun”
IF ((stadc% AND 8) 0) THEN
* Read and interpret the ADC488 error status
PRINT “ ADC488 error”

rv% = ioOutput& (adc%, “E?”)
errtext$ = SPACES (64)
rv% = ioEnter& (adc%, errtext$§)

errnum% = VAL (RIGHTS$ (errtext$, LEN (errtext$) -1))

IF ((errnum AND 1) > 0) THEN PRINT “ Invalid DDC”

IF ((errnum AND 2) > 0) THEN PRINT “ Invalid DDC option”

IF ((errnum AND 4) > 0) THEN PRINT “ Conflict error”

IF ((errnum AND 8) > 0) THEN PRINT “ NVRAM setup error”

IF ((errnum AND 16) > 0) THEN PRINT “ Calibration error”

IF ((errnum AND 32) > 0) THEN PRINT “ NVRAM calibration error”
END IF
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IF ((stadc% AND 32) > 0) THEN PRINT “ Ready”
IF ((stadc% AND 64) > 0) THEN PRINT “ SRQ asserted”

IF ((stadc% AND 128) > 0) THEN PRINT “ Data acquisition complete”

RETURN

SUB, showstat (substat AS IeeeStatus)
‘' Display Status from Driver488/SUB
PRINT “SC :”; substate.SC>,
PRINT “CA :”; substate.CA,

PRINT “Primaddr :”; substate.Primaddr
PRINT “Secaddr :”; substate.Secaddr,
PRINT “SRQ :”; substate.SRQ,
PRINT “addrChange :”; substate.addrChange
PRINT “talker :”; substate.talker,
PRINT “listener :”; substate.listener,
PRINT “triggered :”; substate.triggered
PRINT “cleared :”; substate.cleared,
PRINT “transfer :”; substate.transfer,
PRINT “byteln :”; substate.byteln
PRINT “byteOut :”; substat.byteOut
END SUB

Command Summary

To obtain a summary of the QuickBASIC language commands for Driver488/SUB, turn to the
“Section I11: Command References’ of this manual.

9G. Pascal
Topics
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o Reading Driver StatusS...........cccoviiiiiiiiiiieeeeeeeeee e 11-168
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Accessing from a Pascal Program

Driver488/SUB provides support for Borland Turbo Pascal. To allow for ready accessto all

Driver488/SUB functions and type definitions, an include file provides all required declarations. In
addition, one include file must be included in the main module to provide for automatic detection of
certain compiler options and enable the required adjustments within the driver. Note that the header
files (* . h) must be included in your program and linked to the proper Driver488/SUB library files, as
described in the Sub-Chapter “Getting Started” earlier in this Chapter. The following include (uses)
directives should appear near the beginning of the program:

uses iottp60;
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The following declarations are assumed throughout the remainder of this discussion.

var
adc,ieee,dev,adc2 : Integer;

code : Integer;

hundred : array [0..99] of Integer;
response : string;

{ Device handles }

{ Return Code }

{ Driver488/SUB status structure }

{ Text buffer for Driver488/SUB responses }

i: Integer; { General purpose loop counter }

voltage : Real; { single reading variable }

sum : Real; { Summation used to compute average }

substat : IeeeStatusrec; { Driver488/SUB status structure }

nilptr : pointer; { General purpose pointer }

lrv : Longint; { General purpose long return value }

sp, stadc, { Driver488/SUB and ADC488 spoll response }
errnum : Integer; { ADC488 error number }
errtext : string; { ADC488 error response }

Establishing Communications

For the sake of this discussion, assume that Driver488/SUB has been configured to start with a
configuration including the devices 1eeE (IEEE 488 interface) and apc (an ADC488/8S connected to
the IEEE 488 interface). Additional interfaces and/or devices may also have been defined, as the driver
can support up to four interfaces and 56 devices simultaneously. To open the two devices of interest,
we use the following statements:

ieee: = ioOpenName (‘IEEE’);

adc: = ioOpenName (‘ADC’);

If the apc was not configured within Driver488/SUB, it can be optionally created “on the fly.” First,
verify that opening the apc failed, then use the cetError command to clear the error condition
generated by thisfailure. Next, use the handle of the device DEVIEEE, which is aways available within
Driver488/SUB, to clone anew device called apc using the MakeDevice command. Lastly, the IEEE
bus address 14 is assigned to the apc:

if adc = -1 then begin
rv: = ioGetError (ieee, response);
dev: = ioOpenName (‘DEVIEEE’) ;
adc: = ioMakeDevice (dev,’ADC’);
rv: = ioBusAddress (adc,14,-1);
end;

If other devices were needed for the application at hand, they could either be defined in the startup
configuration for Driver488/SUB or they could be created “on the fly” from the application:

dev: = ioOpenName (‘DEVIEEE’) ;
adc2: = ioMakeDevice (dev,’ADC2’) ;
rv: = ioBusAddress (adc2,14,-1) ;

The new device apc2 is configured to reside at a different bus address so that the two devices may be
distinguished. Thereis one other important difference between abc and abc2 at thispoint. abc2 isa
temporary device; that is, as soon as the creating application closes, apc2 ceasesto exist. If our intent
was to create a device that could be accessed after this application ends, we must tell Driver488/SUB
this:

rv: = ioKeepDevice (adc2);

After executing the above statement, apc2 is marked as being permanent; that is, the device will not be
removed when the creating application exists. If we later wish to remove the device, however, we can
do so explicitly:

rv: = ioRemoveDevice% (adc2);
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Confirming Communication

With or without an open device handle, the application can, if desired, confirm communication with
Driver488/SUB viathe Hel1lo function.

rv: = ioHello (ieee,response);
Writeln (response);

The function also fillsin a string from which information can be extracted if it is desirable to display
facts about the driver in use.

Setting Up Event Handling

If the event notification mechanism of Driver488/SUB isto be used, it should normally be set up
during application initialization and left in place until application shutdown. No specia actionis
required if event naotification is not needed for the particular application. First, the onEvent function
establishes the notification path by specifying the function to be called, as follows:

rv: = ioOnEvent (ieee,@isr,nilptr);

Either during initialization or at some appropriate later point in the application, specific event types
may be armed or pisarmed for use in the event system. Individual event types may be turned on and
off at will freely through the life of the application. In this case, we arm to request notification of

| EEE 488 bus service requests:

rv: = ioArm (ieee, acSRQ);

To cease recognizing bus service request, we might bisarm just the one class of events:
rv: = ioDisarm (ieee, acSRQ);

Or, to completely disable event notifications:

rv: = ioDisarm (ieee, 0);

Note that an external device handle is acceptablein this and other functions which actually refer to the
interface; the external device handle will simply be trandated to the handle of the interface to which the
deviceis attached, prior to taking action. Thistrandation isfully automatic within Driver488/SUB and
requires little overhead, so you need not and should not go to great lengths to pass an interface handle
if your application structure makes the use of external device handles the more logical choice.

Reading Driver Status

Y our application may interrogate Driver488/SUB at any time to determine its status and other
information. status information is returned in a structure provided by the application and can be
displayed by the showstat function shown below:

rv: = ioStatus (ieee, substat);
showstat (@substat);

Another function to display the information contained in the status structure could be:

procedure showstat (substat : StatPtr);

begin
Write(‘'SC
Write(‘'CA
Write (‘Primaddr
Write(‘Secaddr
Writeln ('*SRQ
Write (‘addrChange
Write(‘talker
Writeln(‘listener
Write(‘triggered
Write(‘cleared
Write(‘transfer
Writeln(‘bytelIn
Writeln (‘byteOut

substat”.sC) ;
substat”.CA);
substat”.Primaddr) ;
substat”.Secaddr) ;
substat”.SRQ) ;
substat”.addrChange) ;
substat”.talker) ;
substat”.listener) ;
substat”.triggered) ;
substat”.cleared) ;
substat”.transfer) ;
substat”.bytelIn);
substat”.byteOut) ;

P T T e e T
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end;
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External Device Initialization

Refer to the device manufacturer’ s documentation on specific requirements for initializing your
|EEE 488 instrument. In the case of the ADC488, appropriate initialization involves sending it a
Clear command and placing it into Remote mMode:

rv: = ioClear (adc);
rv: = ioRemote (adc);

For our hypothetical application, we also wish to have the ADC488 generate a service request should it
detect acommand error. Thisinvolves sending a command string consisting of textual datato the
ADCA488:

lrv: = ioOutput (adc, ‘M8X’);

We may also wish to perform other initialization and configuration. In this case, we set up the
ADCA488 (adc) in the following configuration:

Differential inputs (A0)

Scan group channel 1 (C1)

Compensated ASCII floating-point output format (GO)
Channel 1 range to +/-10V (R3)

One-shot trigger on talk (T6)

The command to perform this configuration combines the above strings and adds the output
command for the ADC488:

lrv: = ioOutput (adc,’A0C1GOR3T6X’)

Interrupt Handling

In case we send out an invalid command, either due to a programming error or an unanticipated
condition in the equipment, Driver488/SUB will automatically notify the interrupt handling function as
established above:

lrv: = ioOutput (adc,’V13X’)

Theinterrupt handler as established above might consist of afunction similar to the following:

procedure isr (var param); far;

var

sp, stadc, { Driver488/SUB and ADC488 spoll response }
errnum : Integer; { ADC488 error number }

errtext : string; { ADC error response }

begin

{ Check if the interrupt was due to a Service Request }
sp: = ioSPoll (ieee);
if sp = 0 then begin
Writeln (‘No SRQ detected’);
halt;
end;

{ Check that the Service Request was from the ADC488 }
stadc: = ioSPoll (adc);
if stadc = 64 then begin
Writeln (‘Not an ADC488 SRQ. SPOLL = ‘,stadc);
halt;
end;

{ Interpret the Serial Poll response }
if bitSet(stadc,1) then
Writeln (‘Triggered’) ;
if bitSet(stadc,2) then
Writeln (‘Trigger overrun’);
if bitSet(stadc,4) then
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Writeln(‘Buffer overrun’);

if bitSet(stadc,8) then
{ Read and interpret the ADC488 error status }
Writeln (*ADC488 error’);

errnum: = 5;
lrv: = ioOutput (adc,’E?’);
lrv: = ioEnter (adc,errtext);

Val (errtext,errnum,code);
ifbitSet (errnum,l) then

Writeln (‘Invalid DDC’);
ifbitSet (errnum,2) then

Writeln (‘Invalid DDC option’);
ifbitSet (errnum,4) then

Writeln (‘Conflict error’);
ifbitSet (errnum,8) then

Writeln (‘NVRAM setup error’);
ifbitSet (errnum,l1l6) then

Writeln (‘Calibration error’);
ifbitSet (errnum,32) then

Writeln (‘NVRAM calibration error’);

end;

ifbitSet (stadc,32) then
Writeln (‘Ready’):;
ifbitSet (stadc,64) then
Writeln (‘SRQ asserted’);
ifbitSet (stadc,128) then
Writeln (‘Data acquisition complete’);

{ Set up interrupt pointers }

nilptr: = nil;

rv: = ioOnEvent (ieee,@isr,nilptr);
end;

Basic Data Acquisition

With both Driver488/SUB and the external device ready for action, we next might try taking a simple
reading using the ADC488. Here, we use the serial poll (spo11) capabilities of the system to
determine when aresponse is ready and format the reply.

While not bitset (ioSPoll(adc),32) do begin end;

lrv: = ioEnter (adc,response);

Val (response,voltage,code);

Writeln (‘ADC488 channel #1 reading value is’,voltage);

Block Data Acquisition
First, we set up the ADC488 (adc) for the following configuration:

Compensated binary output format (G10)

100 usec scan interval (I3)

No pre-trigger scans = 0, 100 post-trigger scans (N100)
Continuous trigger on GET (T1)

We then wait for the ADC488 to start the acquisition process. Once the acquisition is complete, which
is determined by the MSB of the ADC488's seria poll response, the buffer pointer of the ADC488 is

reset (80).:
lrv: = ioOutput (adc,’G1l0I3N100T1X’);
while not bitset (ioSPoll (adc),32) do begin end;
rv: = ioTrigger (adc);
while not bitset (ioSPoll (adc),128) do begin end;
lrv: = ioOutput (adc,’BOX’);

Next, we fill the buffer with 100 readings from the ADC488. The noterm terminator structureis used
to disable scanning for terminators such as carriage-return and line-feed.
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noterm.eoi: = false;
noterm.nChar: = 0;
lrv: = ioEnterX (adc,hundred, 200, true,noterm, true,nilptr);

The Enterx function will use aDMA transfer if available. Because DMA transfers are performed
entirely by the hardware, the program can continue with other work while the DMA transfer function
occurs. For example, the program will process the previous set of data while collecting a new set of
datainto adifferent buffer. However, before processing the data we must wait for the transfer to
complete. For illustration purposes, we query the Driver488/SUB status both before and after waiting.

rv: = ioStatus (ieee,substat);
showstat (@substat);

rv: ioWait (adc);

rv: = ioStatus (ieee,substat);
showstat (@substat);

Now we process the buffer:

{ Print the received characters }
for i: = 0 to 99 do begin
Write (hundred[i]) ;
if (imodl10) = 9 then
Writeln (‘’);
end;

The above functions provide enough functionality for a basic data acquisition program. Additional
functions provided by Driver488/SUB are described in the “ Section 111: Command References’ of this
manual.

Sample Program

program manual;

uses iottp60, dos;

var

adc,ieee,dev,adc2 : Integer; Device handles }

code : Integer; Return Code }

hundred : array [0..99] of Integer; Driver488/SUB status structure }

response : string;

i: Integer;

rv: Integer;

voltage : Real;

sum : Real;

substat : IeeeStatusrec;
nilptr : pointer;

lrv : Longint;

noterm : termrec;

Text buffer for Driver488 responses }
General purpose loop counter }
General purpose return value }
Single reading variable }
Summation used to compute average }
Driver488/SUB status structure }
General purpose pointer }

General purpose long return value }
Driver488 terminator structure }

P e e e L T Y Y e P SNy

{ Function to determine if bit is set according to mask value }
function bitSet (source,mask : integer) : boolean;
begin
if (source div mask) mod 2 = 0
then bitSet: = false;
else
bitSet: = true;
end;
end;

procedure isr (var param) ; far;

var

sp, stadc
errnum : Integer;
errtext : string;

{ Driver488 and ADC488 spoll response }
{ ADC488 error number }
{ ADC488 error response }
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begin
{ Check if the interrupt was due to a Service Request }
sp: = ioSPoll (ieee);
if sp = 0 then begin
Writeln (‘No SRQ detected’);
halt;
end;
{ Check that the Service Request was from the ADC488 }
stadc: = ioSPoll (adc);
if not bitSet (stadc,64) then begin
Writeln (‘Not an ADC488 SRQ.SPOLL = ‘,stadc);
halt;
end;
{ Interpret the Serial Poll response }
if bitSet(stadc,1l) then
Writeln (‘Triggered’);
if bitSet(stadc,2) then
Writeln (‘Trigger overrun’);
if bitSet(stadc,4) then
Writeln (‘Buffer overrun’);
if bitSet(stadc,8) then
{ Read and interpret the ADC488 error status }
Writeln (*ADC488 error’);
errnum: = 5;
lrv: = ioOutput (adc,’E?’);
lrv: = ioEnter (adc,errtext);
Val (errtext,errnum,code);
ifbitSet (errnum,l) then
Writeln (‘Invalid DDC’);
ifbitSet (errnum,2) then
Writeln (‘Invalid DDC option’);
ifbitSet (errnum,4) then
Writeln (‘Conflict error’);
ifbitSet (errnum,8) then
Writeln (‘NVRAM setup error’);
ifbitSet (errnum,l1l6) then
Writeln (‘Calibration error’);
ifbitSet (errnum,32) then
Writeln (‘NVRAM calibration error’);
end;
ifbitSet (stadc,32) then
Writeln (‘Ready’):;
ifbitSet (stadc,64) then
Writeln (‘SRQ asserted’);
ifbitSet (stadc,128) then
Writeln (‘Data acquisition complete’);
{ Set up interrupt pointers }
nilptr: = nil;
rv: = ioOnEvent (ieee,@isr,nilptr);
end;

{ Display Status from Driver488/SUB }
procedure showstat (substat : StatPtr);

begin
Write(‘scC : ', substat”®.sC);
Write (‘CA : ', substat”.ca);
Write (‘Primaddr : ', substat”.Primaddr);
Write(‘Secaddr : ', substat”.Secaddr);
Writeln ('SRQ : ', substat”.SRQ);
Write (‘addrChange : ', substat”.addrChange) ;
Write(‘talker : ', substat”.talker);
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v, substat”.listener);
‘, substat”.triggered);
v, substat®.cleared);

, substat”.transfer);
‘, substat”.byteln);

‘, substat”.byteOut);

Writeln(‘listener
Write(‘triggered
Write(‘cleared
Write(‘transfer
Writeln(‘byteIn
Writeln (‘byteOut

s s e e ee ee
-

end;
begin
{ Establish communications with Driver488/SUB }
ieee: = ioOpenName (‘IEEE’);
if ieee = -1 then begin
Writeln(‘Cannot initialize IEEE system’);
halt;
end;
{ Disable the automatic onscreen error display }
if ioError (ieee,OFF) = -1 then begin end;
{ Open the ADC488 device handle or create if necessary }
adc: = ioOpenName (‘ADC’);
if adc = -1 then begin
rv: = ioGetError (ieee,response);
dev: = ioOpenName (‘DEVIEEE’) ;
adc: = ioMakeDevice (dev,’ADC’);
rv: = ioBusAddress (adc,14,-1);
end;
{ Read the Driver488/SUB revision number }
rv: = ioHello (ieee,response);
Writeln (response);
{ set up interrupt pointers }
rv: = ioOnEvent (ieee,@isr,nilptr);
{ Enable Driver488/SUB interrupt on Error or Service Request }
rv: = ioArm (ieee,acSRQ);
{ Display the Driver488/SUB system status }
rv: = ioStatus (ieee,substat);
showstat (@substat);
{ Put the ADC488 into remote mode }
rv: = ioRemote (adc);
{ Clear the ADC488 }
rv: = ioClear (adc);
{ Enable ADC488 SRQ on command errors }
lrv: = ioOutput (adc,’M8X’);
{ Send an invalid command to the ADC488 }
Writeln (‘Sending invalid ADC command’) ;
lrv: = ioOutput (adc,’V13X');
{ Set up the ADC488:
Differential inputs (20)
Scan group channel 1 (Cl)
Compensated ASCII floating-point output format (GO)
Channel 1 range to 3 (+/-10V)
One-shot trigger on talk (T6)
}
lrv: = ioOutput (adc,’A0C1lGOR3T6X’);
{ wait for the ready bit of the ADC488 to be asserted }
while not bitset (ioSPoll (adc),32) do begin end;
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end.

{ Display a reading }

lrv: = ioEnter (adc,response);

Val (response,voltage,code);

Writeln (‘ADC488 channel #1 reading value is

{ Display the average of 10 readings }
sum: = 0.0;
for i: 0 to 9 do begin

lrv: = ioEnter (adc,response);
Val (response,voltage,code);
sum: = sum + voltage;

end;

‘\,voltage) ;

Writeln (‘The average of 10 readings is ‘,sum/10.0);

{ Set up the ADC488:
Compensated binary output format (G10)
100uSec scan interval (I3)

No pre-trigger scans, 100 post-trigger scans (nl00)

Continuous trigger on GET (T1)

}

lrv: = ioOutput (adc,’G1l0I3N100T1X’);

{ Wait for the ready bit of the ADC488 to be asserted }
while not bitset (ioSPoll (adc),32 do begin end;

{ Trigger the ADC488 }
rv: = ioTrigger (adc);

{ Wait for the ready bit of the ADC488 to be asserted }
while not bitset (ioSPoll (adc),128) do begin end;

{ Reset the buffer pointer of the ADC488 }
lrv: = ioOutput (adc,’BOX’);

{ Take 100 readings from the ADC488 }

noterm.EOI: = false;
noterm.nChar: = 0;
lrv: = ioEnterX (adc,hundred, 200, true,noterm, true,nilptr);

{ Check the Status before and after waiting }
rv: = ioStatus (ieee,substat);

{ Wwait for completion of input operation }
rv: = ioWait (adc);

rv: = ioStatus (ieee,substat);
showstat (@substat);

{ Print the received characters }
for i: = 0 to 99 do begin
Write (hundred[il]);
if (i mod 10) = 9 then
Writeln (‘');
end;

Command Summary

To obtain a summary of the Pascal language commands for Driver488/SUB, turn to the “Section I11:
Command References’ of this manual.
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Data Transfers

For Driver488/SUB, W31, W95, & WNT

Topics
®  TerMINATOKS ... 11-175
TERM TermMINATOIS ..cccooviiiiiiiiiiiiiiiiiiiiiiiieieeeeeeeeeeeeee ettt eeees 11-175
e Data Input and OULPUL..........ccoorriiiiiiiiii e 11-176
e AsynNchronous Transfers.......cccccoiiiiiiiiicieeece e 11-177

Terminators

Every transfer of data, between a program and Driver488, or between Driver488 and a bus device, must
have a definite end. Thisisacommon requirement in most systems. For example, most printers do not
print aline until they receive the carriage return that ends that line. Similarly, aBASIC Input
statement waits for the <Enter> key to be pressed before returning the entered data to the program.
The only time that some terminator is not required is when the number of characters that compose the
datais known in advance or istransferred along with the data. Thisisthe case, for example, when
fixed-length records are read from a random access disk file.

Driver488 actually uses two terminators;
e Thedataterminator (Term) for output to bus devices from Driver488.

e Thedataterminator (Term) to input from bus device into Driver438.

TERM Terminators

The Term terminators delimit the end of strings transferred between Driver488 and bus devices. The
Term output terminator marks the end of strings transferred from Driver488 to bus devices, and the
Term iNput terminator marks the end of strings transferred into Driver488 from bus devices.

The Term terminators normally consist of one or two ASCI| characters. The characters do not need to
be printable and, in fact, are usually specia characters such as carriage return and line feed. Input and
output terminators need not be the same.

Y ou can specify that no characters are to be used as Term terminators. If the Term output terminator is
set to NONE, then Driver488 does not append any characters to the data sent to the device. When the
Term iNput terminator is set to NONE, Driver488 does not check for terminator charactersin the
returned data.

The Term terminators can include the IEEE 488 bus end-or-identify (eo1) signal. The oz signal,
when asserted during a character transfer, marks that character asthe last of the transfer. Thisallows
the detection of the end of data regardless of which characters comprise the data. Thisfeatureisvery
useful in binary data transfers which might contain any ASCII values from o to 255.

To support the EozT signal, the Term input and output terminators can be composed of just Eo1, one or
two characters, or one or two characterswith ox. If Eo1 is specified, it has adightly different
meaning on input than on output.

When Eor aloneis specified as the Term output terminator, the Eox bus signal is asserted during the
last data character transmitted. If Eoz is specified with one or two characters, then Eoz is asserted on
the last character. Inthisway, EOT is asserted on the last character transmitted to the bus device.

When o1 aloneis specified as the Term input terminator, then all the characters received from the bus
device, including the one on which o1 was asserted are returned to the user’s program. When one or
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two characters are specified, without Eoz, all the characters up to, but not including, the Term input
terminator characters, are returned to the program. However, if both Eox and characters are specified,
the following considerations apply:

e |f Eo1 isreceived, and the complete terminator character sequence has not been received (even if
the first of the two characters has been received), then all the received characters are returned to
the program.

o |f the complete terminator character sequence has been received, with or without Eox asserted on
the last character, then only the characters up to but not including the terminator characters are
returned.

e |f only one character is specified for input termination, the complete terminator character sequence
consists of just that one character, but if two characters are specified, then it consists of both
characters, received consecutively.

During normal output, without a specified character count, the Term output terminator is appended to
the data before sending the data to the bus devices. During normal Enter, the Term input terminator
received by Driver4d88 is stripped off before being returned to the program. See the Enter and
output commandsin the following text, and in “ Section 111: Command References.”

Data Input and Output

When a program performs data 1/O through Driver488, it tells Driver488 where in memory to find or
put the data and the amount of datato transfer. Driver488 handles the actual transfer. The program
sends the address and quantity of data to be transferred, and Driver488 takes care of the details of the
transfer. The program must be able to tell Driver488 where in memory to find the data, that is, it must
be able to provide Driver488 with the actual address of the buffer. In C language, a character array is
usually used at the memory location for the incoming or outgoing data:

char buffer [20];
Thefollowing isatypical Enterx command:

char buffer [20]
EnterX (dev, buffer, sizeofbuffer, 1, OL, 0, OL);

The Driver488 Enterx command addresses the ADC bus device (dev), requests Driver488 to read 20
bytes of data and put the received datain the buffer memory location. This gives Driver488 all the
information it needs to be able to transfer the received data directly into the buffer character array.

Data I/O using the Driver488 outputx command is also possible. For instance, suppose the data from
the above example was to be sent to adevice called pac. Here, we would use the following command:

OutputX (DAC, buffer, sizeofbuffer, 1, 0L, 0, OL);

Data /O isnormally performed with terminator detection set to the default values of carriage-return
line-feed (cr LF) with end-or-identify (Eox). However, it is possible to explicitly specify that the
Enter should stop on detection of Eox only, or on detection of Eox or some single character. For
example, to terminate on EOI:

term.eoi=1;

term.nChar=0;
EnterX (dev, buffer, sizeofbuffer, 1, &term, 0 OL);

This reads data into the buffer character array until either 20 characters have been received, or Eo1 has
been detected. However, if EOT causes the transfer to stop, we may need to know how much data was
received. Thisinformation can be obtained by using the Buf fered command:

N=Buffered (dev)

The number of bytes transferred isread intoN. This value can now be used to send the read data out to
the device (dev), asfollows:

OutputN (dev, buffer, N, 1, &term, 0, OL);

Note that the variable n has been used in place of the literal 20 to specify how many bytes to transmit.
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Asynchronous Transfers

Driver488 can return to the user’s program while atransfer isin progress. Thisis useful whenever the
transfer takes a substantial amount of time, and other processing could proceed while waiting. For
example, suppose a certain bus device can transfer only 1000 bytes per second. If there are 10,000
bytesto transfer it takes 10 seconds to complete the transfer. The following statements might be used
to receive this data:

char data [10000];
EnterX (ADC, data, 10000, 1, OL, 1, OL);

/*Now do other work while the transfer is processing*/
Wait (ADC);

The “true” async flag tells Driver488 to return to the program after setting up the transfer. The
program is then free to do other processing, aslong as it does not need access to the |EEE 488 bus.
Finally, when the program is ready to process the received data, it performs await to check that the
data has been completely received. In thisway, asynchronous transfers overlap |EEE 488 bus data
transfers with program execution.

The use of DMA and interrupts requires proper hardware and software configuration. For more
information, refer to the Sub-Chapter “Installation & Configuration” early in this Chapter.

9l.

Operating Modes

For Driver488/SUB, W31, W95, & WNT

Topics
LI 1 ') o oo o3 o [o] o HOu 1-177
e Operating Mode TranSItioNS.........ccoieivviiiiiii e 1-177
e System Controller Mode.............cooiiiiiiiiiii e, 11-178
e System Controller, Not Active Controller Mode.................... 11-179
e Not System Controller Mode...............ooooiiiiiiiiiiiien 11-181
e Active Controller, Not System Controller Mode.................... 11-181
Introduction

There are four types of |EEE 488 bus devices: Active Controllers, Peripherals, Talk-Only devices, and
Listen-Always devices:

o Insimple systems, Talk-Only and Listen-Always devices are usually used together, such as a Talk-
Only digitizer sending resultsto a Listen-Always plotter. In these systems, no controller is needed
because the talker assumesit is the only talker on the bus, and the listener(s) assume they are all
supposed to receive all data sent over the bus. Thisisasimple and effective method of
transferring data from one device to another, but is not adequate for more complex systems where,
for example, one computer is controlling many different bus devices.

e Inmore complex systems, the Active Controller sends commands to the various bus Peripherals,
telling them what to do. The controller sends bus commands such as: Unlisten, Listen
Address Group, Untalk, and Talk Address Group to specify which device(s) send data, and
which receiveit.

When an |EEE 488 bus system isfirst turned on, some device must be the Active Controller. This
deviceisthe System Controller and always keeps some control of the bus. In particular, the System
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Controller controls the Interface Clear (1Fc) and Remote Enable (REN) bus management lines. By
asserting Interface Clear, the System Controller forces all other bus devicesto stop their bus operations,
and regains control as the Active Controller.

Operating Mode Transitions

The System Controller isinitially the Active Controller. It can, if desired, Pass Control to another
device and thereby make that device the Active Controller. Notice that the System Controller remains
the System Controller even when it is not the Active Controller. Of course, the device to which control
is passed must be capable of taking the role of Active Controller. 1t would make no sense to try to pass
control to a printer. Control should only be passed to other computers that are capable, and ready, to
become the Active Controller. Note further that there must be exactly one System Controller on the
IEEE 488 bus. All other potential controllers must be configured as Peripherals when they power up.

The state diagram which follows, shows the relationships between the various operating modes. The
top half of the state diagram shows the two operating states of a System Controller. At power on, itis
the Active Controller. It directs the bus transfers by sending the bus commands mentioned previously.
It also has control of the Interface Clear and Remote Enable bus lines. The System Controller can
pulse Interface Clear to reset al of the other bus devices.

Furthermore, the System Controller can pass control to some other bus device and thereby become a
Peripheral to the new Active Controller. If the System Controller receives control from the new Active
Contraller, then it once again becomes the Active Controller. The System Controller can also force the
Active Controller to relinquish control by asserting the Interface Clear signal.

( System Controller (SC) )

1 - Control passed from Active System Controller
to System Controller, Not Active.

Active
System
Controller

SC CA

System
Controller,
Not Active

2 - Active System Controller receives or X SC +*CA

asserts interface clear.

Nm

P
Power On N v
. Controller Active (CA) Peripheral (*CA)
3 - Active Controller, Not System Controller
passes control or detects interface clear. (] h ) _Power On

Active

Controller,
Not System
Controller

Peripheral,
Not System
Controller

*SC + *CA

4 - Active Controller, Not System Controller
receives control.

*SC.CA

Note: The numbers above(l thru 4) refer to the
diagram's corresponding flow arrows. I\ Not System Controller (*SC)

1EEE 488 Bus Operating Modes State Diagram

The bottom half of the state diagram shows the two operating states of a Not System Controller device.
At power on, it is a Peripheral to the System Controller which isthe Active Controller. If it receives
control from the Active Controller, it becomes the new Active Controller. Even though it isthe Active
Controller, it is gtill not the System Controller. The System Controller can force the Active Controller
to give up control by asserting Interface Clear. The Active Controller can aso give up control by
Passing Control to another device, which may or may not be the System Controller.

In summary, a bus deviceis set in hardware as either the sole System Controller in the system, or asa
non-System Controller. At power on, the System Controller isthe Active Controller, and the other
devices are Peripherals. The System Controller can give up control by passing control, and can regain
control by asserting Interface Clear, or by receiving control. A Peripheral can become the Active
Controller by receiving control, and can give up control by Passing Control, or on detecting Interface
Clear.
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System Controller Mode

The most common Driver488 configuration is as the System Controller, controlling several |EEE 488
bus instruments. In this mode, Driver488 can perform all the various | EEE 488 bus protocols
necessary to control and communicate with any |EEE 488 bus devices. Asthe System Controller in the
Active Controller mode, Driver488 can use all the commands available for the Active Controller state,
plus control the Interface Clear and Remote Enable lines. The allowed bus commands and their actions

are:
Command Action
Abort Pulse Interface Clear.
Local Unassert Remote Enable, or send Go To Local to selected devices.
Remote Assert Remote Enable, optionally setting devices to Remote.
Local Lockout Prevent local (front-panel) control of bus devices.
Clear Clear al or selected devices.
Trigger Trigger selected devices.
Enter Receive data from a bus device.
Output Send data to bus devices.
Pass Control Give up control to another device which becomes the Active Controller.
SPoll Serial Poll abusdevice, or check the Service Request state.
PPoll Parallel Poll the bus.
PPoll Config Configure Parallel Poll responses.
PPoll Disable Disable the Parallel Poll response of selected bus devices.
PPoll Unconfig | Disablethe Parallel Poll response of al bus devices
Send Send low-level bus sequences.
Resume Unassert Attention. Use to allow Peripheral-to-Peripheral transfers.

System Controller, Not Active Controller Mode

After Passing Control to another device, the System Controller is no longer the Active Controller. It
acts as a Peripheral to the new Active Controller, and the allowed bus commands and their actions are
modified accordingly. However, it still maintains control of the Interface Clear and Remote Enable
lines. The available bus commands and their actions are:

Command Action

Abort Pulse Interface Clear.

Local Unassert Remote Enable.

Remote Assert Remote Enable.

Enter Receive data from a bus device as directed by the Active Controller.
Output Send data to bus devices as directed by the Active Controller.
Request Set own Serial Pall request (including Service Reguest) status.
SPoll Get own Serial Poll request status.

Asabus Peripheral, Driver488 must respond to the commands issued by the Active Controller. The
controller can, for example, address Driver488 to listen in preparation for sending data. There are two
ways to detect our being addressed to listen: through the status command, or by detecting an
interrupt with the Arm command.

The status command can be used to watch for commands from the Active Controller. The Operating
Mode, which isa ~p~ while Driver488 is a Peripheral, changesto a ~c~ if the Active Controller passes
control to Driver488. The Addressed State goesfrom Idle “I” tO Listen “L” Of Talk “T” if
Driver488 is addressed to listen or to talk, and goes back to 1d1e »1~ when the Active Controller
issuesUnlisten (UNL), Untalk (UNT), Or specifiesanother Talker Address Group (TAG). The
Trigger “T1” and clear “c1~ indicators are set when Driver488 istriggered or cleared, and reset
when status isread. The Address Change indicator is set to change “G1” when the Addressed State
changes. These indicators allow the program to sense the commands issued to Driver488 by the Active
Controller.

The various status indicators and their descriptions are provided in the following table:
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Status I ndicator Description

“P” (Peripheral) Driver488 isin the Peripheral (*ca) operating mode.

“C” (Controller) Driver488 is the Active Controller (ca).

“T1” (Trigger) Driver488, as a Peripheral, has received a Trigger bus command.

"Cl” (Clear) Driver488, as a Peripheral, has received a clear bus command.

“T” (Talk) Driver488 isin the Talk state and can output to the bus.

“"L” (Listen) Driver488 isin the Listen state and can Enter from the bus.

“I” (Idle) Driver488isin neither the Talk nor Listen State.

“"Gl” (Change) An Address Change has occurred, that is, a change between Peripheral
and Controller, or among Talk, Listen, and Idle hasoccurred.
Thisis, perhaps, the most useful interrupt in the Peripheral mode.

The following BASIC program fragment illustrates the use of the Address Change and Addressed State
indicators to communicate with the Active Controller.

First check status until it indicates there has been an Address Change:

while (1) {
Status (ieee, &stat);
if (!stat.addrChange) { continue;}
if (stat.idle) {continue;)

/* If we are addressed to listen, we ENTER a line from the */
/* controller and print it out. */

if (stat.listener) {
Enter (ieee, data);
printf (“%d”, data);
printf (“\n”;
continue;

}

/* If we are addressed to talk, we INPUT a line from the keyboard*/
/* and OUTPUT it to the controller.*/

if (stat.talker) {
gets (message);
Output (ieee, message);
continue;

}

printf (Bad addressed state.\n”);
break;

}

It isalso possible to detect these conditions with the Axrm command and handle them in an Interrupt
Service Routine (ISR). The Peripheral, Controller, Talk, Listen, and Idle conditions cause
interrupts only when the Address Change indicator *G1~ in the status response is set. The Change,
Trigger, and Clear indicators are al reset by the status command. Thus, the status command
should be used in the Interrupt Service Routine to prevent re-interruption by an indicator which has not
been resat.

The various arm conditions and their descriptions are provided in the following table:
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Arm Condition

Description

SRQ

Theinternal Service Request stateis set. Seethe spol1 command in
“Section |11: Command References’ for more information.

Peripheral Driver488 isin the Peripheral (*ca) operating mode.
Controller Driver488 isthe Active Controller (ca).

Trigger Driver488, as a Peripheral, has received a Trigger bus command.
Clear Driver488, as a Peripheral, has received a clear bus command.
Talk Driver488 isin the Talk state and can output to the bus.

Listen Driver488isin the Listen state and can Enter from the bus.
Idle Driver488 isin neither the Talk nor Listen State.

Bytein Driver488 has been received a byte from the | EEE 488 bus.
Byteout Driver488 can output a byte to the |EEE 488 bus.

Error Driver488 has detected an error condition.

Change An Address Change has occurred, that is, a change between Peripheral

and Controller, or among Talk, Listen, and Idle hasoccurred.
Thisis, perhaps, the most useful interrupt in the Peripheral mode.

Not System Controller Mode

If Driver488 is not configured as the System Controller, then at power on, it is a bus Peripheral. It
might use a program like the one previously described to communicate with the Active Controller.
When Driver488 is not the System Controller and not the Active Controller (*sce*ca), the available
bus commands and their actions are:

Command Action

Enter Receive data from a bus device as directed by the Active Controller.
Output Send data to bus devices as directed by the Active Controller.
Request Set own Serial Poll request (including Service Request) status.
SPoll

Get own Seria Poll request status.

Active Controller, Not System Controller Mode

If the Active Controller passes control to the Driver488, then it becomes the new Active Controller.
This can be detected by the status command or as an armed interrupt. Asan Active Controller, but
not the System Controller, the available bus commands and their actions are:

Command Action
Abort Assert Attention and send My Talk Address to stop any bus transfers.
Local Send Go To Local to selected devices.

Local Lockout

Prevent local (front-panel) control of bus devices.

Clear Clear al or selected devices.

Trigger Trigger selected devices.

Enter Receive data from a bus device.

Output Send data to bus devices.

Pass Control Give up control to another device which becomes the Active Controller.
SPoll Serial Poll abusdevice, or check the Service Request state.

PPoll Parallel Poll the bus.

PPoll Config

Configure Parallel Poll responses.

PPoll Disable

Disable the Parallel Poll response of selected bus devices.

PPoll Unconfig

Disable the Parallel Poll response of all bus devices.

Send

Send low-level bus sequences.

Resume

Unassert Attention. Used to allow Peripheral-to-Peripheral transfers.

11-182

Personal488 User’s Manual, Rev. 3.0

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



1. SOFTWARE GUIDES - 9. Driver488/SUB 9J. Utility Programs

9J. Utility Programs

Topics
o Printer & Serial RedireCtion ..........c.oooiiiiiiiiiiiieeeeeeeee e 11-182
e Removal & Reinstallation..............ccooooiiiiiiiicii e, 11-184
MARKDRVR & REMDRVR........ccociiiiiitiiieee ettt 11-184
e Moving Files from an IEEE 488 (HP-1B) Controller to a PCI11-185
PRNTEMUL FRIES ..ottt aaee e 11-185
Configuration of the IEEE Interface for PRNTEMUL..............cccevvnnnnnn.. 11-185
RUNNING PRNTEMUL ....oouiiiiiiii et 11-185
(D F= ) = T I = 0 1) (=Y RS 11-186

Printer & Serial Redirection

IEEELPT and IEEECOM are stand-alone utilities (Driver488 need not be installed to use them) that
allow programs which are unaware of the |EEE 488 bus to control |EEE 488 bus devices asif they
were printer (IEEELPT) or serial (IEEEcoM) devices. They automatically redirect communications
destined for printer or serial portsto specified |IEEE 488 bus devices. For example, the command:

C> IEEELPT IEEEOS5

will configure IEEE 488 bus device 5 to appear asthefirst parallel printer port (LpT1:). Any text that
isdestined for LpT1: will, instead be send to bus device 5. For example, the cory command:

C> COPY TEXTFILE.DOC LPT1l:

will copy the contents of TEXTFILE.DoOC to the IEEE 488 bus. Any software which printsto LpT1:
will now send its datato IEEE 488 bus device 5.

Similarly, the command:
C> IEEECOM IEEE12

will redirect communications to and from the com1 : serial port to IEEE 488 bus device 12. Thus, a
plotting program which expects a serial plotter can communicate with an |EEE 488 plotter using
Power488.

Serial port redirection is often less effective than printer port redirection because many programs
control the seria port hardware directly and bypass the redirection program. It isstill possibleto
redirect output from such a program to an |EEE device if that program can be configured to send its
output to adisk file rather than directly to the printer or plotter. If afile such as \DEvV\coM1 is
specified, the program will act as though the data were being written to an actual disk file, while the
output will be sent to the IEEE 488 bus device to which com1 was redirected. The program may even
issue awarning message that the specified file exists and will be overwritten. If it does, then the user
may tell it that it may delete or overwrite the file. No harm can result from trying to delete a device.

To understand how these programs are used, it is necessary to keep in mind the difference between
logical and physical devices. When the computer first boots up, it takes an inventory of the installed
hardware. It might, for example, find two parallel printer ports, and one serial communications port.
These are the physical devices. The physical device, LpT1 (note the absence of the colon) is the printer
port first identified by the computer. The logical device LpT1: (with the colon) refersto the device
which is currently configured to receive data to be printed. The computer maintains two tables of four
entries each to keep track of physical devices by logical device name. In the case of two printer and
one seria port, these tables initially appear as:
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LPT1:

Printer Port Assignments
LPT2:

LPT3: LPT4:

COM1:

Serial Port Assignments

COM2 :

COM3:

COM4 :

LPT1

LPT2

(none) (none)

COoM1

(none)

(none)

(none)

The 1EEELPT command takes up to four optional device arguments. Each argument is of the form

IEEEpp, IEEEppss Of LPTn, Where pp isan |EEE 488 bus primary address from 00 to 30, ppss isa
bus address composed of a primary address from 00 to 30 followed by a secondary address from 00 to
31, and nisaphysica printer port device number, from 1 to 4.

If IEEELPT is executed with no arguments, then it just displays the current logical printer port
assignments. If one or more arguments are provided, then the first logical printer port (LPT1:) is
redirected to the physical device specified by the first argument, the next logical port (zpT2:) is
redirected to the next specified physical device, and so on. |f fewer than four devices are specified,
then the remaining logical printers are directed to any unused physical parallel printer ports. For
example, on a machine with two physical parallel printer ports these commands have the effects
indicated in the following table:

Command Printer Port Assignments

LPT1: LPT2: LPT3: LPT4:
(Boot-Up) LPT1 LPT2 (none) (none)
IEEELPT (No change) LPT1 LPT2 (none) (none)
IEEELPT IEEEOS5 IEEEO5 LPT1 LPT2 (none)
IEEELPT IEEEO5 IEEE1201 IEEEO5 IEEE1201 LPT1 LPT2
IEEELPT IEEEO5 IEEE1201 IEEEl7 IEEEO5 IEEE1201 IEEE17 LPT1
IEEELPT IEEEO5 IEEE1201 IEEE1l7 IEEE29 IEEEO5 IEEE1201 IEEE1l7 IEEE29
IEEELPT LPT1 IEEEO5 LPT1 IEEEOS LPT2 (none)
IEEELPT LPT2 LPT1 IEEE1201 LPT2 LPT1 IEEE1201 (none)

Note that the port assignments are flexible, any order may be used. Also note how the physical printer
ports are added to the assignments if there is room for them and if they have not already been specified.

Serial port redirection is accomplished by 1EEEcoM. IEEECOM isused identically to IEEELPT except
that the physical port names (without colons) are com1 through com4 rather than LpT1 through LpT4.
For example, the TEEECOM command:

IEEECOM IEEEl12 COM2 COM1

will redirect communications from com1: to |EEE 488 bus device 12, coM2: to coM2, and coM3 : to

COM1.

In addition to the port specifications, both 1EEELPT and TEEECOM allow two optional parameters. The
/Aioaddr parameter is used to specify the 1/O base address of the |EEE 488 interface board and the
/Baddr parameter setsits |EEE 488 bus address.

The 1/O base address must be specified when the associated | EEE 488 interface board is not at the
default I/O address of 02E1 (hex). Thel/O base addressis usually given as a hexadecimal number.
For example, to use the default 1/0 address, the parameter would be /a&H02E1. |If the hexadecimal I/0
addressendsin a o or an 8 then consecutive I/O addresses will be used. If the addressendsin a1 then
I/0O addresses will be separated by sH400. /O addresses ending in other than o, 1, or 8 are not
allowed. For example, the command:

IEEELPT IEEEO5 /A&H22El

would configure LpT1: for output to IEEE 488 bus address 05 on a second interface card located at
22E1 (hex). Thel/O base addressisusually set by switches or jumpers on theinterface card. Refer
to the manufacturer’ s instructions for your | EEE 488 board to determine its I/O address.

The default 1/0 port base address for IEEELPT and IEEECOM IS /A&HO2E1.
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The /B setsthe primary |EEE 488 bus address of | EEE 488 interface card. Every |EEE 488 bus
device, including the controller must have a unique |EEE 488 addressin the range of 00 to 30
(decimal). The default addressfor theinterface card is 21, but must be changed if any |IEEE
Peripheral uses the same address. For example, the command:

IEEECOM IEEE21 /BOO

sets the interface card bus addressto 00 so that com1: may be redirected to an |EEE 488 bus device
with an address of 21.

Removal & Reinstallation

Driver488 is a special type of terminate-and-stay-resident (TSR) program that controls Power488,
Personal488, and LAN488. When DRVR488 . CoM is executed, it installs itself permanently into
memory and connects itself into DOS so that it appears to be a standard device driver that can be used
to control |EEE 488 devices. Normally, Driver488 is present in memory whenever the computer is
operating, even if it isnot being used. Most computers have enough memory so that the amount taken
by Driver488 is not critical, but some very large programs need so much memory that they cannot
operate if Driver488 isinstalled.

It is possible to temporarily remove Driver488 by editing the auToexEc. BAT file. Once Driver488is
installed, the auToExEC. BAT file will contain one or more lines similar to the following:

C:\IEEE488\DRVR488

These are the commands that install Driver488. They can be disabled by adding the word REM,
followed by a space, to convert them to remarks:

REM C:\IEEE488\DRVR488

When the computer is rebooted, these lines will be ignored, Driver488 will not be loaded, and the
memory that would have been used for Driver488 will now be available for other programs. If
Driver488 is needed later, the auToExEC. BAT file must be re-edited to remove the REMS and to re-
enable Driver488, and then the computer must be rebooted.

A more practical method involves the creation of a separate batch file that holds the prRvr488
commands. When Driver488 isinstalled, the bRvR488 commands are placed in the AUTOEXEC. BAT
file. By moving these commands to a separate batch file, it is possible to avoid installing Driver488
beforeit isneeded. To create a separate batch file, first copy AuToEXEC. BAT to anew file, perhaps
DRIVER.BAT. Then edit the AuToEXEC.BAT file, deleting the bDRVR488 commands, and edit
DRIVER.BAT, leaving only the bRVR488 commands. When the system is rebooted, Driver488 will no
longer be installed because the aAuToEXEC . BAT file no longer contains the DRV R488 commands.
However, whenever Driver488 is needed, it can be installed by typing prRIVER which will execute the
DRVR488 commandsin the bRIVER.BAT file. Once Driver488 has been installed, it will remain
installed until the system is rebooted.

MARKDRVR & REMDRVR

Using the techniques described above, it is possible to install Driver488 only when it is needed.
However, it is still necessary to reboot the computer to remove Driver488. The MARKDRVR and
REMDRVR Utilities allow Driver488 and other TSR programs, such as sidekick and superkey, to be
installed and removed at will, without rebooting.

Before installing the TSR program, the MARkDRVR command should be used to “snapshot” the system
state:

C:> MARKDRVR comment
C:> C:\IEEE488\DRVR488

The MarRKDRVR command is followed by an optional comment of up to 119 character that is normally
used to note which TSR programs are about to be installed. When the above command is executed it
savesinternal system information including the interrupt vectors, the device driver chain, and the free
memory pointer. Thisinformation, along with the specified comment, is saved for use by REMDRVR.
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The MarkDRVR command is then followed by the commands needed to install the TSR programs.
When using Driver488, these would be the prRvR488 commands. When these commands have
completed, Driver488 isinstalled and ready for use.

When Driver488 is no longer needed, it can be removed by using the REMDRVR command:
C:> REMDRVR

REMDRVR Prints out the comment that was saved by MARKDRVR and then uses the information that
MARKDRVR Saved to restore the system to the state it had before MARKDRVR had been executed. This
removes Driver488 and any other TSR programs that had been loaded in the interim and recovers their
memory for reuse.

If several different TSR programs are being used, then it might be appropriate to use MARKDRVR more
than once. Then, when REMDRVR is used, it will only remove the TSR programs that were installed
after the last MARKDRVR command. Each time REMDRVR is used, it will remove one more “layer” of
TSR programs. The comment saved by MARKDRVR can help keep track of which TSR programs are
removed at each step.

Note that the most recently installed programs are always removed first. It isnot possible to remove a
program until all the more recently installed programs have been removed.

When working with Power488, it is good practice to create a bDRIVER. BAT file that includes the
DRVR488 commands as described above. Then aMARKDRVR command, such as MARKDRVR
Driver488 can be added to the beginning of the bRIVER.BAT file. Then, Driver488 can beinstalled
by typing DRIVER and removed by typing REMDRVR. Driver488 can thus be installed and removed as
desired, without rebooting the computer.

Moving Files from an IEEE 488 (HP-1B) Controller to a PC

Included on the Driver488 release disk is a utility program that allows files to be transferred from any
|EEE controller to the PC in which Driver488 resides. This utility program configuresthe PC asa
Peripheral on the |EEE network, much like a standard | EEE 488 printer. Any controller capable of
sending information to an |EEE 488 printer, including controllers like the HP 9000 series computers,
can send any type of datato the PC.

Once launched to the PC, the file transfer utility allows the operator to redirect the incoming data either
to the PC screen, aPC disk file, or a printer attached to the PC.

PRNTEMUL Files
In the \uTzILs subdirectory of the Driver488 diskette, there are 2 files:

e PRNTEMUL.EXE. Thisfileisthe MS-DOS executable version of the program. Thisisall that you
will need to emulate an |EEE 488 printer on a PC/AT or PS/2 computer.

e PRNTEMUL.C: Thisisthe C source code of the PRNTEMUL . EXE program. It uses a C subroutine
interface of Driver488, which islocated in the \suBap1 directory of the main Driver488 directory.
Refer to the corresponding language support section on how to compile this code.

Configuration of the IEEE Interface for PRNTEMUL

The PRNTEMUL program requires the Driver488 to be configured as a Peripheral (same as an |IEEE
printer). Make sure that the |EEE interfaceis configured at a unique |EEE address.

Once Driver488 is configured properly, reboot the computer and connect your PC/AT to your |IEEE
controller.

Running PRNTEMUL

After the |EEE interfaces of each computer has been configured and connected, run the PRNTEMUL
program from the \uT1Ls directory by typing one of the following commands at the DOS prompt:
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Command Description

PRNTEMUL <ENTER> Prints information received from the |EEE 488 bus
to the screen.

PRNTEMUL > MYPROG.BAS <ENTER> Redirects information to afile called MyproOG.BAS

PRNTEMUL > LPT1 <ENTER> Redirects information to the printer port (LpT1).

Once the PRNTEMUL program is started, it will continue to send any information received from the
|EEE bus to the specified destination until any key is pressed. Once akey is pressed, the PRNTEMUL

program will return to DOS at which time it can be run again, with a different destination specifi
so desired.

Data Transfer

Dataistransferred to the computer running PRNTEMUL the same way information is sent to an |EEE
printer. For adescription of how to print information out, refer to the documentation of your IEEE

controller.

ed, if

For example, the following commands might be used on an HP 9000 computer running HP BASIC:

Command Description

LOAD “MYPROG.BAS” Load a program to print out.

PRINTER IS 710 Set the current printer to address 10 of the |IEEE bus.

LIST List the current program to the selected printer (computer
running PRNTEMUL).

The output of the PRNTEMUL program could be redirected to a datafile to transfer source files from the

|EEE controller to a PC/AT or PS/2.

9K.

Command Descriptions
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Introduction

There are two types of commands: Bus commands and system commands. Bus commands
communicate with the |IEEE 488 bus. System commands configure or request information from

Driver488. This Sub-Chapter contains a detailed description of the bus and system command formats
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Format

Syntax

Returns

Mode

Bus States

available for Driver488/SUB and Driver488/W31. The commands for Driver488/W95 and
Driver488/WNT are provided as guides, pending current software revisions. Refer to your operating
system header file for the latest available information specific to your application.

A double-lined banner box similar to the following:

Driver488/X XX Only

indicates differences among these Driver488 versions. For more detail on the individual system
commands, see “ Section 111: Command References.”

The format for the Driver488/SUB, W31, W95, and WNT command descriptions consists of several
sections which together define the command. Using the C language, this format isimplemented for the
system commands found in Sub-Chapter 15B: “Driver488/SUB, W31, W95 & WNT Commands’ of
the “ Section I11: Command References’ in this manual.

The Syntax section of the system command description describes the proper command syntax that must
be sent to Driver488. To define the specific command function, syntax parameters accompany each of
the system commands. For five detailed listings of syntax parameters for Driver488/SUB and
Driver488/W3L1, turn to the topic “ Syntax Parameters’ found in each of the five Sub-Chapters of
Chapter 14 “Command Summaries.”

The Returns section describes the return of the function completed. Note that most functions return a
value of -1 toindicate an error. Where no other return value is needed, a o indicates normal
completion. Some functions can also return specific values such as the number of bytes of data
successfully transferred.

Note: Thisformat section differs from the Response section of the Driver488/DRV .

This section of the command description format specifies the operating modes in which the command is
valid. Driver488 may be configured as the System Controller in which caseit isinitially the Active
Controller, or as a Not System Controller in which case it isinitially in the Peripheral state. The
Driver488 configuration as System Controller or Not System Controller can be changed by the
INSTALL program.

Note: Evenif Driver488is not configured as the System Controller, it can still become the Active
Controller if another controller on the IEEE 488 bus passes control to Driver488.

The modes are referred to by their names and states as shown below:

M ode Name State M ode Name State
System Controller sc Not System Controller *SC
Active Controller CA Peripheral (Not Active Controller) *CA
Active System Controller SCeCA System Controller, Not Active SCe*CA
Not System Controller, *SCeCA Not System Controller, *SCe*C
Active Controller Not Active Controller A

This section of the command description format indicates the state of the bus device. The mnemonics
abbreviations for these bus states, as well as the relevant bus lines and bus commands, are listed in the
following two tables:
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BusState BusLines Data Transfer (DIO) Lines
8 7 6 5 4 3 2 1
Hex Value (QuickBASIC) &H80 | &H40 | &H20 | &H10 | &HO8 | &HO04 | &HO2 | &HOL
Decimal Value 128 64 32 16 8 4 2 1
Bus M anagement Lines
IFC Interface Clear
REN Remote Enable
| EEE 488 I nterface: Bus M anagement Lines
ATN Attention (&HO04) 0 0 0 0 0 1 0 0
EOI End-Or-Identify (& H80) 1 0 0 0 0 0 0 0
SRQ Service Request (& H40) 0 1 0 0 0 0 0 0
|EEE 488 I nterface: Handshake Lines
DAV Data Valid (& H08) 0 0 0 0 1 0 0 0
NDAC Not Data Accepted (& H10) 0 0 0 1 0 0 0 0
NRFD Not Ready For Data (& H20) 0 0 1 0 0 0 0 0
Serial Interface: Bus M anagement Lines
DTR Data Terminal Ready (&HO02) 0 0 0 0 0 0 1 0
RI Ring Indicator (& H10) 0 0 0 1 0 0 0 0
RTS Request To Send (&HO1) 0 0 0 0 0 0 0 1
Serial Interface: Handshake Lines
CTS Clear To Send (&HO04) 0 0 0 0 0 1 0 0
DCD Data Carrier Detect (& H08) 0 0 0 0 1 0 0 0
DSR Data Set Ready (& H20) 0 0 1 0 0 0 0 0
Bus State Bus Commands Data Transfer (DIO) Lines
(IEEE488) (ATNisasserted“1”) 8 7 6 5 4 3 2 1
Hex Value (QuickBASIC) &H80 | &H40 | &H20 | &HI10 | &HO8 | &H04 | &HO2 | &HOL
Decima Value 128 64 32 16 8 4 2 1
DCL Device Clear (&H14) X 0 0 1 0 1 0 0
GET Group Execute Trigger (&H08) X 0 0 0 1 0 0 0
GTL Go To Loca (&HO01) X 0 0 0 0 0 0 1
LAG Listen Address Group (& H20-3F) X 0 1 a d d r n
LLO Local Lock Out (&H11) X 0 0 1 0 0 0 1
MLA My Listen Address X 0 1 a d d r n
MTA My Talk Address X 1 0 a d d r n
PPC Parallel Poll Config X 1 1 0 S P2 Pl PO
PPD Parallel Poll Disable (&H70) X 1 1 1 0 0 0 0
PPU Parallel Poll Unconfig (&H15) X 0 0 1 0 1 0 1
SCG Second. Cmd. Group (& H60-7F) X 1 1 c 0 m m d
sbcC Selected Device Clear (& HO4) X 0 0 0 0 1 0 0
SPD Serial Poll Disable (& H19) X 0 0 1 1 0 0 1
SPE Serial Poll Enable (& H18) X 0 0 1 1 0 0 0
TAG Talker Address Group (& H40-5F) X 1 0 a d d r n
TCT Take Control (&HQ09) X 0 0 0 1 0 0 1
UNL Unlisten (&H3F) X 0 1 1 1 1 1 1
UNT Untalk (&H5F) X 1 0 1 1 1 1 1
(x ="“don’t care”)

If acommand is preceded by an asterisk (*), that command is unasserted. For example, *REN states
that the remote enable lineis unasserted. Conversely, REN without the asterisk states that the line
becomes asserted.

For afurther description of these bus states and their bus lines, turn to the topic “Bus States’ found in
the Sub-Chapter “Command Descriptions’ of Chapter 8, and to “ Section V: Appendix” in this manual.
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Examples
The Exampl es section of the command description format lists one or more short examples of the
command’s normal use. These and additional programs can be found in language or example
subdirectories of the Driver488 installation directory.

Data Types

Driver488 uses a number of data bit masks, data constants, and data structures. The following
constructions have been defined for the C language. Other languages are shown in their respective
language sections of this manual.

Arm Condition Bit Masks
Defined bit masks used in the Arm and Disarm functions:

acError acChange acIdle acSRQ

acByteIn acClear acListen acTalk

acByteOut acController acPeripheral acTrigger

Control Line Bit Masks
Thefollowing control Line functionsfor |EEE 488 devices:
clEOI clSRQ c1NRFD c1NDAC clDAV clATN

return the following defined bit masks, as shown in the table:

Control Line Bit Masks Data Transfer (DIO) Lines

8 7 6 5 4 3 2 1

Hex Vaue (QuickBASIC) &H80 | &H40 | &H20 | &H10 | &HO8 | &HO4 | &HO02 | &HO1

Decimal Value 128 64 32 16 8 4 2 1

Bit M ask | Eor | srRQ | NRFD [ NDAC [ DAV [ ATN | 0 | 0
Thefollowing control Line functionsfor serial devices:

c1DSR clRI c1DCD clcTs c1DTR clRTS

return the following defined bit masks, as shown in the table:

Control Line Bit Masks Data Transfer (DIO) Lines

8 7 6 5 4 3 2 1

Hex Value (QuickBASIC) &H80 | &H40 | &H20 | &H10 | &HO8 | &HO04 | &HO02 | &HO1

Decimal Value 128 64 32 16 8 4 2 1

Bit M ask | o | o | DpsrR [ RI | DCD | CTS | DTR | RTS

For more information on the control Line command, turnto “Section I11: Command References’ in

this manual.

Terminator Structures

Structure used by Enter, output, and Term:

typedef struct {

bool EOI;

int nChar;

bool EightBits;

int termChar [2];
} TermT;

/*
/*
/*
/*

Do we care about or send EOI?*/

0,1, or 2 characters to match*/

7 (False) or 8 (True) bit terminator match*/
The actual terminating character*/
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Status Structure
Structure used by status:

typedef struct { /* These flags are TRUE (non-zero) if: */
bool SC; /* we are System Controller */
bool CA; /* we are Active Controller */
char Primaddr; /* our primary bus address */
char Secaddr; /* our secondary bus address */
bool SRQ:; /* SRQ is active (CA) or rsv is active (-CA) */
bool addrChange; /* we detected an address status change */
bool talker; /* we are an active talker */
bool listener; /* we are an active listener */
bool triggered; /* we have been triggered */
bool cleared; /* we have been cleared */
bool transfer; /* we have a transfer in progress */
bool bytelIn; /* we have an input byte to read */
bool byteOut; /* we may be able to output a byte */

} IeeeStatusT;
typedef IeeeStatusT*IeeeStatusPT;

Completion Code Bit Masks
Structure used by all the Enter and output functions;

typedef enum {

ccCount = 0x0001 /* specified number of characters transferred */
ccBuffer = 0x0002 /* buffer count exhausted */

ccTerm = 0x0004 /* terminator character(s) detected */
ccEnd = 0x0008 /* End signal (EOI) detected */

ccChange = 0x0010 /* unexpected change of I/O signals */
ccStop = 0x0020 /* transfer terminated by program cmd */
ccDone = 0x4000 /* transfer has terminated */

ccError = 0x8000 /* details in error code field */
} CompCodeT;
typedef CompCodeT far *CompCodePT;

Miscellaneous Constants
The following constants are defined and are required as parametersin several functions:

IN ouT ON OFF FILL OFF FILL ERROR

OL. Command Reference

For Driver488/SUB, W31, W95, & WNT

To obtain a detailed description of the command references for Driver488/SUB and Driver488/W31,
turn to Section |11 in this manual entitled “Command References.” The commands for Driver488/W95
and Driver488/WNT are provided as guides, pending current software revisions. Refer to your
operating system header file for the latest available information specific to your application. The
commands are presented in al phabetical order for ease of use.
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10A.

Introduction

Note:  Driver488/WIN from previous manuals, has been renamed Driver 488/W31.

Driver488/W3L1 includes a Windows Dynamic Link Library (pLw) for integrating | EEE 488.2 control
into Microsoft Windows applications. Driver488/W31 transfers data at up to 1M byte/second. It uses
HP-style IEEE 488 commands for high- and low-level |EEE 488.1 bus control, and offers additional
commands that support the |EEE 488.2 standard. Furthermore, Driver488/W31 conforms to Windows'
standard application architecture, allowing Windows to link with the IEEE 488 driver during run time,
and to manage its memory requirements, interrupts and messages.

Because Microsoft Windows enables multitasking, multiple test applications may concurrently require
access to the same network of |EEE 488 instruments. Driver488/W31 automatically arbitrates among
test applications, letting multiple applications run concurrently without the risk of dataloss.

Microsoft Windows provides access to Dynamic Data Exchange (DDE), a mechanism by which
unrelated applications can exchange data during run time. Driver488/W31 lets you use thisinter-
application communication technique to transfer data acquired from instruments to any other
compatible application. For example, with Driver488/\W31, an application program can collect data
from an instrument and automatically transfer it to a concurrently running Excel spreadsheet.

Driver488/W31 provides language interfaces for Microsoft C, Quick C on Windows, Visual Basic,
Turbo C and Borland C++. Driver488/W31 makes | EEE eventsin your C or C++ applications

conform to Windows' standard event handling scheme, passing | EEE events such as bus errors and
SrQs to Windows as standard messages. This assures consistent handling of IEEE and user events.

Visual Basic lets you easily develop full-featured Windows applications. Unlike DOS-based test-
system development environments, which merely code for insertion into an application, Visua Basic
greatly simplifies the task of adding a user interface to your application. In addition, Visual Basic
contains atool palette for designing your application’s user interface, letting you use point-and-click
operations to design and test your interface.

Driver488/W31 augments this tool palette with an IEEE Event Custom Control tool. When you
include this Event Custom Control tool in your application, it creates service routines for |EEE events
such as bus errors and instruments interrupts (srQ), letting your application handle asynchronous bus
eventswith ease. At run time, the IEEE Event Custom Control traps | EEE events which are then
automatically dispatched to the appropriate service routines.
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Driver488/W31 supports up to four IEEE 488 interfaces. These can be multiple external deviceson
each interface up to the limitsimposed by either electrical loading (14 devices), or with a product such
as Expander488, to the limits of the |EEE 488 addressing protocols.

Driver488/W31 supports the GP488B, AT488, MP488, MP488CT, GP488/MM, and NB488 series of
| EEE 488.2 interface hardware (with the exception of the Digital 1/0 and Counter/Timer functions).
All interaction between the application and the driver takes place via subroutine calls. Note that
Counter/Timer support is available in the ToTTIMER . DLL package included on the Driver488/W31
diskette. Refer to your appropriate manuals for more information.

10B.

Installation & Configuration

Topics
o Before YOU Get Started ..........ooovviiiniiiiiiie e 11-192
e Making Backup Disk COPIES........ccceiiiiiiiiiiiiiiciie e 11-193
o Driver INStallation .......oouiieiiiiee e 11-193
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e Modification of the Initialization Fil€.........ccoooviviiiiiiiiiiinnn 11-199
D] @ AV/=] g 0] g=IRST=To 1 (0] o F- T 11-200

Before You Get Started

Prior to Driver488/W31 software installation, configure your interface board by setting the appropriate
jumpers and switches as detailed in the “ Section |: Hardware Guides.” Note the configuration settings
used, as they must match those used within the Driver488/W31 software install ation.

Once the |IEEE 488 interface hardware isinstalled, you are ready to proceed with the steps outlined
within this Sub-Chapter to install and configure the Driver488/W31 software. The Driver488/W31
software disk(s) include the driver files themselves, installation tools, example programs, and various
additional utility programs. A file called README . TXT, if present, is atext file containing new material
that was not available when this manual went to press.
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NOTICE

1. TheDriver488/W31 software, including all filesand data, and the diskette on which it is
contained (the*“ Licensed Software”), islicensed to you, the end user, for your own internal
use. You do not obtain titleto the licensed software. You may not sublicense, rent, lease,
convey, modify, trandate, convert to another programming language, decompile, or
disassemble the licensed software for any pur pose.

2. You may:
e only usethe software on one single machine;

e copy the softwar e into any machine-readable or printed form for backup in support
of your use of the program on the single machine; and,

e transfer the programsand licenseto useto another party if the other party agreesto
accept the terms and conditions of the licensing agreement. If you transfer the
programs, you must at the sametime either transfer all copieswhether in printed or
in machine-readable form to the same party and destroy any copies not transferred.

The first thing to do, before installing the software, isto make a backup copy of the Driver488/W31
software disks onto blank disks. To make the backup copy, follow the instructions given below.

Making Backup Disk Copies

1. Boot up the system according to the manufacturer’ sinstructions.

2. Findthe MS-DOS icon, and open the DOS window.

3. Typethe command cb\ to go back to your system’sroot directory.
4. Placethefirst Driver488/W31 software disk into drive A:.
5

TypepiskcorY A: A: and follow theinstructions given by the bxskcopy program. (Y ou may
need to swap the original (source) and blank (target) disksin drive a: several timesto complete
thepxskcory. If your blank disk isunformatted, the pzskcory program allows you to format it
before copying.)

6. When the copy is complete, remove the backup (target) disk from drive a: and label it to match
the original (source) Driver488/W31 software disk just copied.

7. Storetheorigina Driver488/W31 software disk in asafe place.

8. Place the next Driver488/W31 software disk into drive a: and repeat steps 4-6 for each original
(source) disk included in the Driver488/W31 package.

9. Place the backup copy of the Installation disk into drive a:, type a: INSTALL, then follow the
instructions on the screen.

Driver Installation

There are two steps involved ininstalling Driver488/W31 onto your working disk. The batch file must
first be used to copy the required files from the distribution disk to your working disk, and then the
configuration must be established by using the Driver488/W31 configuration utility or modifying the
supplied Windows-style initialization file.

Note: Driver488/W31 requires about 2.5MB of hard disk space.

Driver488/W31 should normally be installed on a hard disk. Installing Driver488/W31 on afloppy
disk, while possible, is not recommended. The installation batch file will install bRVR488W. INT into
your Windows directory and all other filesinto a new subdirectory, named \1EEE4 88, within your
Windows directory. Three subdirectories exist within the \1EEE488 subdirectory which include the
language interfaces, example program(s), and utility programs. \LANGS, \EXAMPLES, and \UTILS,
respectively.
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Assuming that the Driver488/W31 disk isin drive a:, specify the full path of your Windows directory.
For example, if your Windows directory is ¢: \wInpows, you would copy all required files by entering
the following command at the DOS prompt:

INSTALL C:\WINDOWS

The language support files can be copied to any location accessible to your compiler and other
development tools. If you wish to have the Driver488/W31 support reside with your application,
simply copy or move the files from the \LanGs\xxx directory appropriate to your development
environment:

e For Borland C compilers: \LaNGS\BC
e For Microsoft C compilers. \LaNes\MC
e For Visua Basic: \LaNGsS\VB

Alternatively, you can place the files where your compiler expectsits own files, which may involve
placing include filesin one place and library filesin another.

Example programs are contained in individual subdirectories of \ExaMpLES with a precompiled
executable made from the provided source files, alowing you to run the example and compare the
source code without necessarily needing to compile the program.

The utilities subdirectory \UTILS contains two utility programs. WINTEST and QUIKTEST. These
programs were designed as an exercise in order to see the functionality contained within
Driver488/W3L1, to test that your hardware is properly installed and working correctly, and to
experiment with command sequences that might be used in your application. For more information on
these programs, refer to the Sub-Chapter “ Utility Programs’ found later in this Chapter.

Note: Before using Driver488/W31, the ¢: \wINDows\ IEEE4 88 subdirectory must be added to your
path. To do so, you may wish to add the following line to your AUTOEXEC . BAT file:
set PATH=C:\WINDOWS\IEEE488;%PATH%

or simply add the following segment to your path statement:
;C:\WINDOWS\IEEE488

Note if any error messages display when trying to load Driver488/\W31 in memory. If so, refer to
“Section 1V: Troubleshooting” in this manual..

Enhanced Mode DMA Transfers

Driver488/W31 contains an option to use Direct Memory Access (DMA) transfers which provides the
highest data transfer rate of the interface hardware. Due to the fact the Microsoft-supplied enhanced-
mode DMA device-driver does not allow Driver488/W31 to properly interrogate the DMA controller,
you must instruct Windows to use the DMA device driver. If you wish to use DMA transfers, perform
the following additional installation steps:

1. Inc:\WINDOWS\SYSTEM. INI, changetheline: device=*vdmad
to: device=vdmad.386

2. Next, copy vDMAD. 386 from the ¢: \WINDOWS\ IEEE488 directory into the ¢: \WINDOWS
directory: COPY\WINDOWS\IEEE488\VDMAD.386 \WINDOWS

Note: Thedevice driver vamad. 386 can be used in Windows 3.1 only. DO NOT use any other
operating system.

Personal488 User’s Manual, Rev. 3.0 11-195

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



10B. Installation & Configuration I1. SOFTWARE GUIDES - 10. Driver488/W31

Configuration Utility

The Driver488/W3L1 startup configuration is specified in a Windows-style initialization file named
DRVR488W. INI, which residesin the \wINpows directory. The first screen of the coNFIc programis
used to enter the configuration settings so the Driver488/W31 software can be correctly modified to
reflect the state of the hardware.

An aternative to using the configuration utility, is to modify theinitialization file directly (either using
atext editor or from an application program). For more information on this process, refer to the last
topic “Madification of the Initiaization File’ found in this Sub-Chapter.

The driver can be reconfigured at any time by running the conrFzc program. If the driver is currently
loaded (the Driver488/W31 icon is present), any changes made will not take affect until the driver is
closed and rel oaded.

Interfaces

The minimum requirement for configuring your system is to make certain that your |EEE 488.2
interface board or module is selected under “Device Type.” The default settingsin all of the other
fields match those of the interface as shipped from the factory. If you are unsure of a setting, itis
recommended that you leave it asis.

External Devices

Within your |EEE 488.2 application program, devices on the bus are accessed by name. These names
must be created and configured within the conrFie program. After configuring your interface
parameters, press <F5> to open the External Devices window. All configured devices will be
accessible in your application program via the openName command. For more details, refer to the
topic “Configuration of |EEE 488 External Devices’ found later in this Sub-Chapter.

Opening the Configuration Utility

In general, all Driver488/W31 configuration utility screens have three main windows: the “name” of
the interfaces or devices on the left, the “ configuration” window on the right, and the “instruction”
window at the bottom of the screen. Based on current cursor position, the valid keys for each window
will display in the Instructions box.

To begin the interface configuration, move the cursor in the name window to select an interface
description for modification. (Interfaces can be added or deleted using <F3> and <F4>.) Notice
moving the cursor up and down the list of interfaces or devices in the left window changes the
parameters in the configuration window. The configuration fields always correspond with the currently
selected interface and device type.

Once all modifications have been made to the configuration screen, <F10> must be pressed to accept
the changes made or <F9> can be pressed to exit without making any change. Additional function keys
allow the user to continue onto the configuration of external devicesvia <F5> or to view agraphic
representation of the interface card with the selected settings via <F7>.
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Configuration of IEEE 488 Interfaces

Note: The DI'IV8|'488/W31 = Personal488 Configuration =
supports only the File
| EEE interface.

I Interface Configuration

The fol | OWi ng Interface Type E Interface Base Address E
Driver488/W3L figure Name

displays the configuration of: IEEE Bus Address

An MP488 | EEE 488.2 System Controller [X DMA Channel E
interface in the upper screen Timeout (mS) Interrupt e
%C“ on, and AWAVE external ‘IN* Terminators | [ 'ODUT' Terminators I
device in the lower screen CRLF[2] | Userterm chars User term chars
section. ®EDl [1st[O]H 2nd[ " ]H| | KEOI  [1st[0]H 2nd[0 ]H

For additional information on | [Device Configuration

using more than one Name [P Teme s =
interface, refer to the final primaryaddr  [16_[3] User term chars

. v [ EOl |1st[0]H 2nd[0]H
topic “Multiple Interface Secondaryaddr |y oy;q] #|
M anagement” in the Sub- Add Device Timeout [mS) 10000 ['OUT" Terminators
Chapter “Installation & CALF[*] | Userterm chars
Configuration” of Chapter 8. wEor  [1st[ Jn 2nd[ Ju

il |

Delete Device

Once an interface is selected,
the fields and default entries Configuration Utility Screen with MP488 Board

which display in the
configuration window depend on the device type specified. The configuration parameters of the IEEE
interface, shown in the figure, are as follows:

Configuration Parameters

e Name: Thisfield isadescriptive instrument name which is manually assigned by the user. This
must be aunique name. Typically, IEEE is used.

e |EEE BusAddress. Thisisthe setting for the IEEE bus address of the board. It will be checked
against al the instruments on the bus for conflicts. It must be avalid address from o to 30.

e DMA: A direct memory access (DMA) I/O Board | Specified DMA Channel
channel can be specified for use by the I/O GP4388B 1, 2, 3 or none
interface card. If DMA isto be used, select AT488 1,2, 3,5, 6, 7or none
achannel as per the hardware setting. If no MP488 1,2, 3,5, 6, 7or none
DMA isto be used, select NONE. The MP488CT | 1,2, 3,5, 6, 7 or none
NB488 does not support DMA, thereforethe  [Ng4ss Not applicable
DMA field will not display if this device CARD483 | Not applicable
typeisused. Valid settings are displayed in
the table.

e Interrupt: A hardwareinterrupt level I/O Board | Specified Interrupt Level
(IRQ) can be specified to improve the GP4388B levels 2-7 or none
efficiency of the 1/0O adapter control and AT488 levels 3-7, 9-12, 14-15 or none
communication using Driver488/W31. For MP488 levels 3-7, 9-12, 14-15 or none
DMA operation or any use of onEvent and [ MP488CT | levels 3-7, 9-12, 14-15 or none
arm functions, an interrupt level must be NB483 level 7 for LPT1, level 5 for LPT2
selected. Boards may share the same CARD488 | levels3-7, 9-12, 14-15 or none

interrupt level. If nointerrupt level isto be
used, select NONE. Valid interrupt levels
depend on the type of interface. Possible settings are shown in the table.

e SysController: Thisfield determines whether or not the |EEE 488 interface card isto be the
System Controller. The System Controller has ultimate control of the |EEE 488 bus, and the
ability of asserting the Interface Clear (zFc) and Remote Enable (REN) signals. Each |IEEE 488
bus can have only one System Controller. If the board is a Peripheral, it may still take control of
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the IEEE 488 busiif the Active Controller passes control to the board. The board may then control
the bus and, when it is done, pass control back to the System Controller or another computer,
which then becomes the Active Controller. If the board will be operating in Peripheral mode (not
System Controller), select NO in this field.

Timeout (ms): Thetime out period is the amount of time that data transfers wait before assuming
that the device does not transfer data. 1f the time out period elapses while waiting to transfer data,
an error signal occurs. Thisfield isthe default timeout for any bus request or action, measured in
milliseconds. If no timeout is desired, the value may be set to zero.

Device Type: Thisfield specifies the type of device represented by the IEEE device name
selected.

I1/O Address

|EEE 488: Thisfield isthe I/O base address which sets the addresses used by the computer to
communicate with the |EEE interface hardware on the board. The addressis specified in
hexadecimal and can be 02E1, 22E1, 42E1 Of 62E1.

Note: Thisfield does not apply to the NB488. Instead, the NB488 uses the 1/0O address of the
dataregister (the first register) of the LPT port interface, typically 0x0378.

Bus Terminators: The |EEE 488 bus terminators specify the characters and/or end-or-identify
(moz) signal that isto be appended to datathat is sent to the external device, or mark the end of
datathat is received from the external device.

This SeCOI']d Drlver488/W31 . = Personal488 Configuration [~]
example displays the configuration | File
of an NB488 |EEE interface : .
duIe eCIerd in the upper Interface Configuration
mo ’ S) Th pp Interface Type LPT Port
xreenb[&(:tll‘?n' _IS screen Name Enable Printer Port x
_r t f esthe prIeVIOltJI?II:hEEE IEEE Bus Address -21 LPT Port Type -Standard *
Inter ?lce exfar;z.?fWI t e System Controller [
exception o Irreren .
con(fai%uration parameters which rimeeut (nS) pieneet
are deg:rl bed bel ow. ‘IN' Terminators T"OUT" Terminators I
CRLF E User term chars CRLF E User term chars
Configuration Parameters REDl |1st[]H 2nd[0]H| [®EOI |1st[]H 2nd[0]H
o LPT Port: The LPT pOI‘t iS " Device Configuration ) )
the external parallel port to be Name 'E"H LT:'“'“”
connected to the NB488. Primary addr Heey term chars
Valid selections are; LpT1 Secondary addr i
LPT2, Or LPT3. Thisfield Timeout [m5] 10000 T"OUT" Terminators
takes the place of the I/O [cRLFIS] | User tem chars
Address field. ®EDl |1st[0]H 2nd[2]H

Enable Printer Port:
Because most laptop and
notebook PCs provide only
one LPT port, the NB488 offers LPT pass-through for simultaneous | EEE 488 instrument control
and printer operation. If thisoption is selected, a printer connected to the NB488 will operate asiif
it were connected directly to the LPT port. If not enabled, then the printer will not operate when
the NB488 is active. The disadvantage of pass-through printer support isthat it makes
communications with the NB488 about 20% slower.

Configuration Utility Screen for NB488

Note: If thisoptionisin use, it isimportant to note that printing will not occur while any |IEEE
devices are open. If you attempt to print while |EEE 488 devices are open, the program responds
asif printing were accomplished. However, Windows actually spools the printer output but then
waits until all IEEE 488 devices are closed before printing.
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To print through the NB488 printer port, you can either close all IEEE 488 devices, print as
necessary and then reopen all instruments on the bus or allow Windows to spool the printer data
until the driver devices are closed.

LPT Port Type: Thisfield isused to specify whether the LPT port is a standard IBM

PC/XT/IAT/PS/2 compatible port. Valid options are Standard or 4-bit. The slower 4-bit optionis
provided for those computers which do not fully implement the IBM standard printer port. These
computers can only read 4 bits at a time from the NB488 making communication with the NB488

up to 30% slower.

A test program has been provided with NB488 to help identify the user’s LPT port type. Once the
NB488 isinstalled, type: NBTEST . EXE. This program will determine if your computer can
communicate with the NB488 and what type of LPT port isinstalled (Standard or 4-hit).

It isimportant to note there are four different versions of the NB488 driver. The conFie utility
determines which is to be used based on the user-defined parameters. If both pass-through printer
support and the 4-bit LPT port support are selected, then the communication with the IEEE 488 bit
may be slowed as much as 40% compared with the fastest case in which neither option is selected.
The actual performance will very depending on the exact type and speed of the computer used.

To save your changes to disk, pull down the File menu item and double-click on the Save option. Or to
exit without making any changes, double-click on the Exit option. All changes will be saved in the
directory where you installed Driver488/W31. If at any time you wish to alter your Driver488/W31

configuration, simply rerun CONFIG.

Configuration of IEEE 488 External Devices

Configuration of |EEE 488 external devices under Driver488/\W31 is done by editing an initialization
file that stores the specific configuration information about all of the configured external devices. The
configuration for each device is set when the Driver488/W31 loads itself into memory and is present at

the start of the application program.

Each external device requires a handle to communicate with Driver488/W31. An external device
handle is a means of maintaining a record about 3 configurable items: its |EEE 488 bus address, its

| EEE 488 bus terminators and itstime out period. Any communication with the external device uses
these three items. The different configurable items, which define the external device, are listed in the
following figure. All external devices have either a default value or a user supplied value for the
different fields. All fields can be changed by Driver488/W31 commands during program execution.

Like the first two configuration
screen figures, this third figure
displays the configuration of an
external device named WAVE,
specified in the lower screen
section. The following parameters
are available for modification:

Configuration Parameters

Name: Thisfield specifies
the type of device represented
by the IEEE device name
selected. External device
names are user defined names
which are used to convey the
configuration information
about each device, from the
initialization file to the
application program. Each
external device must have a
name to identify its
configuration to

Fi

Personal488 Configuration
le

[ Interface Configuration

Timeout [m5] Interrupt

Delete Interface

Interface Type E Interface Basze Address H
=

IEEE Bus Address
System Controller [%X

‘IN* Terminators ['0UT* Terminators
CRLF E User term chars CRLF E User term chars
®EOl [1st[00]H 2nd[00|H| | EEDI  |1st[00]H 2nd[0 ]H
" Device Configuration
Name ['IN* Terminators
Primary addr CR LF E User term chars
E—— ®EOl |1t ]H 2nd[]H
Timeout [m5] T"OUT" Terminators
- CRLF E User term chars
®E0l  [1st[ O |H 2nd[ " ]H

Configuration Utility Screen for External Devices
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Driver488/W31. The name can then be used to obtain a handle to that device which will be used
by all the Driver488/W31 commands. External device names consist of 1 to 32 characters, and the
first character must be aletter. The remaining characters may be letters, numbers, or underscores
(). External device names are case insensitive; upper and lower case |etters are equivalent. apc
is the same device as adc.

e |EEE BusAddress. Thisisthe setting for the IEEE 488 bus address of the board. It will be
checked against all the devices on the bus for conflicts. The IEEE 488 bus address consists of a
primary address from 00 to 30, and an optional secondary address from 00 to 31. Where required,
Driver488/W31 accepts a secondary address of -1 to indicate “NONE.”

e Timeout (ms): Thetime out period isthe amount of time that data transfers wait before assuming
that the device does not transfer data. 1f the time out period el apses while waiting to transfer data,
an error signal occurs. Thisfield isthe default timeout for any bus request or action, measured in
milliseconds. If no timeout is desired, the value may be set to zero.

o Device Type: Thisfield specifiesthe type of device represented by the external device name
selected.

e BusTerminators: The |EEE 488 bus terminators specify the characters and/or end-or-identify
(moz) signal that isto be appended to datathat is sent to the external device, or mark the end of
datathat is received from the external device.

Note: Because secondary addresses and bus terminators are specified by each handle, it may be
useful to have several different external devices defined for asingle |EEE 488 bus device. For
example, separate device handles would be used to communicate with different secondary
addresses within adevice. Also, different device handles might be used for communication of
command and status strings (terminated by carriage return/line feed) and for communication
of binary data (terminated by Eox).

Note: If installation or configuration problems exist, refer to “ Section IV: Troubleshooting.”

To save your changes to disk, pull down the File menu item and double-click on the Save option. Or to
exit without making any changes, double-click on the Exit option. All changes will be saved in the
directory where you installed Driver488/W31. If at any time you wish to alter your Driver488/\W31
configuration, Simply rerun CONFIG.

Modification of the Initialization File

If instead of using the configuration utility you wish to modify the initialization file directly, (either
using atext editor or from an application program), the following text describes the required contents.

The example initialization file DRVR488wW. INTI provides a default setup with one 16-bit IEEE 488
interface at bus address 21, and one external device called wave at bus address 16. Thisfile can be
modified to define other configurations, as described in the following paragraphs. Fields not described,
should be l€eft asin the example. The order of the fields within the fileis significant and should be
preserved. |f your application will modify the initialization file, note that per Microsoft
recommendations for future compatibility, it should be accessed only through the
GetPrivateProfileString and SetPrivateProfileString functions.

Refer to the supplied prRvR488wW. INT while reviewing the following material :

e Thefield labeled “Driver” in each section, isthe filename of the driver file for a particular layer of
the driver. Thiscan bejust the filename if the driver fileis present in the Windows directory or in
the DOS search path, or this can include afull path to thefile.

e To support multiple |EEE 488 interfaces, duplicate the driver core sections labeled IEEE_3,
IEEE 4, and 1EEE for each additional interface, changing the names as required to avoid duplicate
names. For instance, IEEE_3 might be changed to 1EEE2_ 3. These names follow the rules given
for device names under MakeDevice found in “Section I11: Command References’ of this manual.
Also, for more information on multiple interfaces, see the last topic “Multiple Interface
Management” in the Sub-Chapter “Installation & Configuration” of Chapter 8.
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e Terminatorsrefer to the particular characters or other signals which indicate the end of adata
transfer. For instance, a carriage return (cr) and line feed (n.F) pair typically indicates the end of a
line of text to a printer. However, some printers may use just cr or just LF to indicate the end of a
line. Other devices may use one of these combinations or some other character, with or without
the IEEE 488 end-or-identify (Eox1) signal, to indicate the end of atransfer.

Driver488/W31 provides for automatic insertion and detection of these terminators, with the exact
terminator to be used, configurable for each interface and external device. Terminators are
indicated in the initialization file as a quoted string containing any combination of the following,
which indicates no more than 2 characters plus an optional goz:

CR : Carriage return (decimal 13, hex OD)

LF : Linefeed (decimal 10, hex 0A)

$char : A specific character asindicated in decimal
*x A gpecific printable character such as X

EOI : ThelEEE 488 End Or Identify signal

For example, to specify terminators of carriage return followed by line feed with Eoz, the
specification would be cr LF EoI. To specify aterminator of the character x (decimal 88, hex
58) without 2oz, you could use either * x or $88.

Driver Core Sections
Drivers Section

This section contains the names of all active succeeding driver core sections. Any given section can be
disabled by removing or commenting out the corresponding line in this section, as has been done with
the support for a second |EEE 488 interface in the supplied initialization file.

Router Section

The Router section refersto the driver core section responsible for communications among the other
parts of the driver.

M essage Handling Section

The Message Handling section refers to the section responsible for error reporting.

Interrupt Section

The Interrupt section refers to the section responsible for coordination of interrupts and event handling.
DMA Section

The DMA section refers to the section responsible for data transfers via Direct Memory Access.
|EEE_3 Section

The IEEE_3 section concerns the lowest-level access to the interface board and is responsible for
directly controlling the hardware. 1ts components include the following:

e |Oaddr: &HO02E1, &H22E1, &H42E1, &H62E1, &H0378, &W0278 Or &W03BC according to the
hardware configuration.

e DMA: The DMA channel number to be used (such as 1, 3, 5, etc.) as selected on the interface
hardware. If DMA isnot desired for any reason, the entry NONE in place of a channel number
indicates this fact. For more information on enhanced mode DMA transfers, see the topic “Driver
Installation” in the Sub-Chapter “Installation & Configuration” of this Chapter.

e Interrupt: Theinterrupt channel to be used (such as 2, 7, 15, etc.) as selected on the interface
hardware. If interrupt support is not desired, the word NONE replaces the channel number.
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e Subset: MP488CT, MP488, AT488, GP488BP, GP488B or NB488 depending on the type of
interface which is present. Also, note that a section defining a GP488B interface must follow a
section defining one of the other interfaces.

|EEE_4 Section

The IEEE_4 section concerns components which are common to all |EEE 488 interfaces but not
necessarily al types of communications. These components include the following:

e Slave: Name of the dave device. With multiple interfaces, this allows the specification of which
interfaceisin this particular chain. The slave must be a device using the 1oTMP488 . EXE driver.

e |EEE BusAddress. The |lEEE 488 Bus Address to be assigned to the interface. This must be a
one- or two-digit decimal address between 0 and 30.

e System Controller: Thedigit 1 indicates System Controller, and o indicates not System
Controller.

| EEE Section

The 1EEE section, which is the device visible to applications as the interface device, concerns
components which are common to all types of communication. These components include the
following:

e Slave: Name of the dave device. With multiple interfaces, this allows the specification of which
interfaceisin this particular chain. The slave must be a device using the TOTIEEE4 . EXE driver.

e Timeout: Timeout interval in milliseconds.

e Termin: Input terminator (Enter) following the format specified for terminators, as described
above.

e Termout: Output terminator (output) following the format specified for terminators, as
described above.

IEEEDEV Section

The 1EEEDEV section is used for predefined external devices, such asadigital multimeter (pvm),
oscilloscope (scorE), or analog-to-digital converter (abc), and is visible to applications as an external
device. The name can be changed to suit the application and will be the name referenced by the
openName command. There must be at |east one external device defined in the initialization filein
order to use the MakeDevice command. There may be multiple external devices on each interface, up
to the limits imposed by |EEE 488, but the total number of devices (interfaces plus external devices)
may not exceed 56 at any one time. The components for this section, include the following:

e Slave: Name of the dave device. With multiple interfaces, this allows the specification of which
interface serves this external device. The slave must be a device using the TOTGNRCD . EXE driver.
As noted above, several external devices can specify the same slave when multiple devices are
physically connected to the same interface.

e Termin: Input terminator (Enter) following the format specified for terminators, as described
above.

e Termout: Output terminator (output) following the format specified for terminators, as
described above.

e |EEE BusAddress: |EEE 488 Bus Address (decimal) to be assigned to the device. If this
addressis one or two digits, it isinterpreted as a primary address with no secondary address. With
three digits, it isinterpreted as a one-digit primary address followed by a two-digit secondary
address. With four digits, it isinterpreted as atwo-digit primary address followed by a two-digit
secondary address.

e Timeout: Timeout interval in milliseconds.

Additional external devices on the same |EEE 488 interface can be configured by duplicating the
IEEEDEV Section and modifying the bus address and other parameters as required.
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External Device Interfacing

Topics
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EXAIMPIE ... e e e aaees 11-205

Introduction

This Sub-Chapter isatechnical review of external device interfacing. It contains information on how
to use external devices and multiple interfaces.

Driver488/W3L1 controls I/O adapters and their attached external devices. In turn, Driver488/W31is
controlled via subroutine calls.

Driver488/W31 communicates directly with I/O adapters such as an IEEE 488 interface board. More
than one I/O adapter may reside on a single plug-in board. For example, the |EEE 488 interface board
contains the |EEE 488 1/0O adapter.

I/O adapters connect to external devices such as digitizers, multimeters, plotters, and oscilloscopes
(IEEE 488 interface); and serial devices such as printers, plotters, and modems. However,
Driver488/W31 alows direct control of |EEE 488 external devicesonly.

Note: To reiterate, Driverd88/W31 supports | EEE 488 external devices, and does not support serial
external devices.

Driver488/W3L is controlled by sending data and commands, and receiving responses and status by
subroutine calls. This method is the only Application Program Interface, API, available to connect the
application (user’s) program to Driver488/W31.

Subroutine Calls

The subroutine API isalibrary of subroutines linked to the application program that are invoked like
any other subroutinesin that programming language. Once invoked, these routines can control
Driver488/W31.

Configuration of Named Devices

Named devices provide a method to maintain a permanent record of an external device's configuration
that does not change between application programs. Once the configuration of a particular external
deviceis established, its Driver488/W31 configuration for that device will remain the same until the
next time you reconfigure it or unload and reload the driver. The external devices supported by
Driver488/W31 are | EEE 488 external devices only.

External devices are most easily configured at installation. For Driver488/W31, the device names,
terminators, timeout period, and bus addresses may be entered into a configuration file (either manually
or using the coNF1a utility) which contains the device configuration information. This configuration
fileisautomatically read during driver load to install the configured named devices. The application
program can then refer to the external device by name and have all of the configuration information
automatically set.
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Every device to be accessed by Driver488/W31 must have a valid device name. Driver488/W31 comes
with several device and interface names preconfigured for use. Among those already configured for the
GP488B board, for example, are: IEEE and WAVE. Y ou can configure up to 32 external devices for
each |EEE 488 interface.

It is also possible to configure new named devices by using the Driver488/W31 command
MakeDevice. TheMakeDevice command creates atemporary device that isanidentical copy of an
already existing Driver488/W31 device. The new device has default configuration settings identical to
those of the existing device. The new device can then be reconfigured by calling the proper functions,
such asBusaAddress, IntLevel, and Timeout. When Driver488/W31 is closed, the new deviceis
forgotten unless the KeepDevice command is used to make it permanent.

The following code illustrates how the subroutine APl version of the MakeDevice command could be
used to configure several new named devices. Using the C language subroutine interface, three named
devices can be configured as follows:

wave = OpenName (“WAVE”)
dmm = MakeDevice (WAVE, "DMM") ;

if (dmm == -1) { process error...}
err = BusAddress (dmm,16,-1);

if (err == -1) { processerror...}
term.EOI = TRUE;

term.nChars = 2;

term.termChar[0] = ‘\r’;
term.termChar([1] = ‘\n’;

err = Term(dmm, &term, BOTH) ;
if (err == -1) {process error...}

adc = MakeDevice (WAVE, "ADC") ;

if (a == -1) { process error...}
err = BusAddress (adc,14,00);

if (err == -1) { process error...}
term.EOI = FALSE;

term.nChars = 1;

term.termChar[0] = ‘\n’;

err = Term(adc, &term, BOTH) ;

if (err == -1) { process error...}

scope = MakeDevice (WAVE, "SCOPE") ;

if (scope == -1) { process error...}
err = BusAddress(scope,12,01);

if (err == -1) { process error...}
term.EOI = TRUE;

term.nChars = 0;

err = Term(scope, &term, BOTH) ;

if (err == -1) { process error...}

The above example defines the following: An external device named pmum (digital multimeter) as
device 16 with bus terminators of carriage return (\r), line feed (\n), and Eoz; a second external
device named apc (analog-to-digital converter) as device 14 with bus terminators of carriage return
and line feed (together as \n); and athird external device named oscilloscope (ScoPE) as device 12
with bus terminators of Eoz only.

External devices defined in a configuration file are permanent. Their definitions last until they are
explicitly removed or until the configuration file is changed and Driver488/W31l isrestarted. Devices
defined after installation are normally temporary. They are forgotten as soon as the program finishes.
The KeepDevice command can be used to make these devices permanent. The RemoveDevice
command removes the definitions of devices even if they are permanent. These commands are
described in further detail in the “ Section I11: Command Reference” of this manual.
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Use of External Devices

When using subroutine Application Program Interface (API) functions, it isfirst necessary to obtain a
device handle for the device(s) with which you wish to interact.

When using Driver488/W31, the openName function must be the first function called in the program.
It takes the name of the device to open and returns a handle for the specified interface board or device.
Every other function can then use that handle to access the device.

The following program illustrates how Driver488/W31 might communicate with an anal og-to-digital
converter (adc) and an oscilloscope (scope):

DevHandleT ieee; // handle to access the interface board ieee
DevHandleT adc; // handle to access a ADC488

DevHandleT scope; // handle to access the scope

DevHandleT deviceList[5]; // array containing a list of device handles;
int err;

Communication with asingle device:

adc = OpenName (“ADC”) ;

If you use several devices, you must open each one.

ieee = OpenName (“IEEE”) ;

scope = OpenName (“SCOPE”) ; // Add adc to the list of devices
deviceList[0] = adc; // Add oscilloscope to the list of devices
deviceList[1l] = scope // End of list marker

deviceList[2] = -1;

Abort (ieee) ; // Send Interface Clear (IFC)

Output (scope, "SYST:ERR?") ; // Read SCOPE error status

Enter (scope,data) ;
printf (data);

Output (adc, "A0 C1 GO R3 TO X"); // Set up ADC488
Enter (adc,data) ;
printf (data) ;

ClearList (deviceList) ; // Send a Selected Device Clear (SDC) to a list
Close (adc) ; // Close ADC488. Handle is now unavailable for
// access.

If wetried to call output by sending the handle adc without first opening the name apc, an error
would result and output would return a -1 as shown below:

result = Output (adc, “AO0 Cl1l GO R3 TO X"”);
printf (“Output returned: %d.\n”,result);

should print:

Output returned: -1.

As mentioned above, named devices have another advantage: they automatically use the correct bus
terminators and time out. When a named deviceis defined, it is assigned bus terminators and atime
out period. When communicating with that named device occurs, Driver488/W31 uses these
terminators and time out period automatically. Thus Term commands are not needed to reconfigure the
bus terminators for devices that cannot use the default terminators (which are usually carriage-return
line-feed Eo1). Itisstill possible to override the automatic bus terminators by explicitly specifying the
terminatorsin an Enter Or output command, or to change them semi-permanently viathe Term
command. For more information, see the Enter, output, and Term commands described in

“Section I11: Command References.”

Extensions For Multiple Interfaces

Driver488/W31 allows the simultaneous control of multiple interfaces each with several attached
devices. To avoid confusion, external devices may be referred to by their “full name” which consists of
two parts. The “first name” isthe hardware interface name, followed by a colon separator ( : ). The
“last name” isthe external device name on that interface. For example, the “full name” of pMm might
be IEEE: DMM.
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Duplicate Device Names

Duplicate device names are most often used in systems that consist of several identical sets of
equipment. For example, atest set might consist of asignal generator and an oscilloscope. If three test
sets were controlled by a single computer using three separate | EEE 488 interfaces, then each signal
generator and each oscilloscope might be given the same name and the program would specify which
test set to use by opening the correct interface (OpenName (“IEEE”) for one, OpenName (“IEEE2”)
for the other), or by using the interface names when opening the devices

(OpenName ( “IEEE: GENERATOR”) for one and OopenName (“IEEE2 : GENERATOR”) for the other).

Unique names are appropriate when the devices work together, even if more than one interfaceis used.
If two different oscilloscopes, on two different interfaces are used as part of the same system, then they
would each be given a name appropriate to its function. This avoids confusion and eliminates the need
to specify the interface when opening the devices.

Access of Multiple Interfaces

If the computer only has one | EEE 488 interface, then there is no confusion; for every external device
isknown to be on that interface. Asnoted above, duplicate device names on one interface are not
recommended; if they exist, the most recently defined device with the requested name will be used.
When more than one interface is available and duplicate names appear on different interfaces, the
following rules apply.

1. If the externa device name is specified without its interface name, then any external device with
that name may be used. If more than one external device has that name, then the choice of which
particular external deviceis not defined.

2. If the external device name is specified with its interface name prefixed, then that external device
on that hardware interfaceis used. If that external device is not attached to the specified hardware
interface, then an error occurs.

Example
Assume there are three |EEE 488 interfaces. IEEE, IEEE2, and IEEE3 controlling multiple devices:
SCOPE (On IEEE), DA (On IEEE2) and DA (On IEEE3). Since there are two external devices, both
named pa, their full name must be used to specify them.
We can communicate with the external devices, according to the two rules above.
scope = OpenName (“SCOPE”) ; // SCOPE on IEEE (Rule 1)
da = OpenName (“DA”) // DA on IEEE2 or IEEE3 (not specified)
da = OpenName (“IEEE2:DA”) ; // DA on IEEE2 (Rule 2)
scope = OpenName (“IEEE2:SCOPE”) ; // Error (not IEEE:SCOPE) (Rule 2)
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Introduction

C Languages

Driver488/W31 provides support for Microsoft C, Quick C and Borland C++. In addition,
Driver488/W3L1 features an | EEE 488 Event Message. The |EEE Event Message can be used to trap
| EEE 488 events such as bus errors and instrument interrupts (srQ) letting your application handle
asynchronous bus events. At run time, the |EEE 488 M essage Handler traps | EEE 488 events, which
are then automatically dispatched to the appropriate service routines.

The following text outlines the steps necessary to produce an application program that communicates
with Driver488/W31. For more details on using C languages to develop a basic data acquisition
program and on how to use the |EEE 488 Event Message with Driver488/W31, turn to the next Sub-
Chapter “C Languages’ in this Chapter. All of the examples described in that Sub-Chapter were
developed using Quick C for Windows. For details on using the WINTEST and QUIKTEST utility
programs, turn to the following Sub-Chapter “Utility Programs’ in this Chapter. Additional functions
provided by Driver488/W3L1 are described in “Section 111: Command References’ of this manual.

Visual Basic

Driver488/W31 provides support for Microsoft’s Visual Basic. Visual Basic includes atool palette for
designing your application’s user interface, letting you use point-and-click operations to design and test
your entire user interface. For example, to place a button in one of your application’s windows, you
simply select the button tool from the tool palette, then click and drag in the desired window to place
and size the button.

In addition, Driver488/W31 adds to the tool palette with an IEEE 488 Event Custom Control.
Including the Event Custom Control in your application creates service routines for | EEE 488 events
such as bus errors and instrument interrupts (srQ), letting your application handle asynchronous bus
events with unparalleled ease. At run time, the IEEE 488 Event Custom Control traps | EEE 488
events, which are then automatically dispatched to the appropriate service routines.

The following text outlines the steps necessary to produce an application program that communicates
with Driver488/W31. For more details on using Visual Basic to develop a basic data acquisition
program, how to use the |EEE 488 Event Custom Control, and performing Dynamic Data Exchange
with Driver488/W31, turn to the following Sub-Chapter “Visual Basic” in this Chapter. For details on
using the wINTEST and QUIKTEST utility programs, turn to the following Sub-Chapter “ Utility
Programs’ in this Chapter. Additional functions provided by Driver488/W31 are described in
“Section 111: Command References’ of this manual.

C Languages

To successfully operate Driver488/\W31, several declarations must be included in the user’s application
program. These declarations are found in two headers which must be included in the main module of
your C program. The two required headers can be found in the language-specific subdirectory at the
end of the path \IEEE4 88\ LANGUAGE, if installed under the default conditions.

In the same directory as the headersis the library that must be linked with your C project to resolve
Driver488/W31 external references.

Note:  For proper configuration, the C compiler must have byte alignment when using term structure.

Required Headers
For Microsoft C and Quick C Users:

e All programs need to include the following header files to run with Driver488/W31.:

iot main.h
iotmc60w.h

e These header files must be included in your test program. To do so, insert the following lines:
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#include “iot main.h”
#include “iotmc60w.h”

These lines must be included at the top of your program before any calls to the Driver488/W31
subroutine functions are made. Notice that the header file iot _main.h must be in the module
containing your main () function and may not appear in any other modules.

For Borland C Users:

e All programs need to include the following header files to run with Driver488/W31.:
iot main.h
iotbc20w.h
e These header files must be included in your test program. To do so, insert the following lines:

#include “iot_main.h”
#include “iotbc20w.h”

These lines must be included at the top of your program before any calls to the Drvier488/W31
subroutine functions are made. Notice that the header file iot_main.h must be in the module
containing your main () function and may not appear in any other modules.

Required Libraries
For Microsoft C & Quick C Users:

e All programs need to include the following library in the link process to run with Driver488/W31:
drvr488.1ib
Thisfile must be included in your test program’s makefile or link process. Due to the complexity

of makefiles, this discussion will not attempt to build a makefile but does include sample makefiles
for each of the examples used within the next Sub-Chapter “C Languages’ in this Chapter.

For Borland C Users:

e All programs need to include the following library in the link process to run with Driver488/W31.:
drvr488.1ib
Thisfile must be included in your test progranm' s project file or link process. Dueto the
complexity of project files, this discussion will not attempt to build a project file but does include

sample project files for each of the examples used within the next Sub-Chapter “C Languages’ in
this Chapter.

Visual Basic

To successfully operate Driver488/W31, atext file must be included in the user’ s application program.
The required library can be found in the language-specific subdirectory at the end of the path
\IEEE488\WINAPI, if installed under the default conditions.

Required Files
In order to have access to all the Driver488/W31 functions, you must include the following file:
IOTVB10.TXT

Y ou can accomplish this through the Add Fileitem under the File menu. Type *.TXT into the
selection field to find the file in your project.

Certain functions provided by Driver488/W31 require that data structures be passed in a particular
format which is not easily generated from a VB application. Conversion functions are provided in:
IOTVB10.BAS

Thisfile should be included in the Project Window. Using the VB File menu, select theitem Add File
and select ToTvB10.BAS. At thispoint, al Driver488/W31 functions should be accessible.
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If you require event handling support, use the custom control written for event handling. The IEEE
488 Event Custom Control support isincluded in the following file:

IOTEVENT.VBX
Thisfile should be included in the Project Window. For more information on using the |EEE 488

Event Custom Controal, turn to the topic “1EEE 488 Event Custom Control” found in the following Sub-
Chapter “Visual Basic” in this Chapter.

10E. C Languages

Topics

e Accessing from a Windows Program ..........cccccceeeeieeeeeeeeeeeennnnns 11-208

Opening & Closing the DIriVEr ... 11-208
e Establishing Communications ...........ooooovviiiiiiiiiiiie e, 11-209
o Confirming CommMUNICAtIONS ........uciiiiiiiiiiiiiiii e 11-211
o IEEE 488 EveNnt MeSSage........ccoooviiiiiiiiiiiiiiiee e 11-211
o Reading Driver StatusS...........ccoiiiiiiiiiiii e 11-213
o External Device Initialization............cccoooviiiiiiiiiei, 11-214
e Basic Data ACQUISTEION .......ccooiiiiiiiiiiiiia e 11-214
o Block Data ACQUISITION ......coooiiiiiiiiiiiiii e 11-215
o SAMPIE Programs ..ot 11-216

Data Acquisition Sample Programs ..., 11-216

IEEE 488 Event Message Sample Programs............cccooooiviiiiiiiinineieeeeenne. 11-224
o ComMMANd SUMMANY ....uuuiiiiiiiieiiiiiiiiiiae e e eeeetis e e e e e e eeenaenens 11-231

Accessing from a Windows Program

The structure of a Windows program generally dictates that actions take place in response to messages
such as an operator key press, mouse action, menu selection, etc. This discussion coversthe basic
actions needed to control Driver488/W31. How these actions are combined and coordinated in
response to Windows messages, is up to the application designer.

Opening & Closing the Driver

The first Driver488/W31 programming example is designed for simplicity. Its sole purposeisto verify
proper communication with the driver, and upon closing, remove the driver from memory.

In every C program using Driver488/W31, header files of declarations must be merged into the
program. In the following example, those declarations have been omitted from the listing for the sake
of brevity.

With the associated source files, the following program can be built using the file ExaMpLE1 . MaK (for
Microsoft C or Quick C users) or ExaMpPLE1 . PRJ (for Borland C users) found on the Driver488/W31
disk.

This example has several declarations that will be used later:

HWND hDriver /* handle for Driver488/W31l */

DevHandleT ieee; /* handle for the IEEE board * /

char hellomsg[256]; /* string to hold the hello response */
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The program only has one menu with two selections: Go and Quit. When Go is selected, the service
routine for Go opens Driver488/W31. Then the Hello function is called, using the handle returned
from the openName function:

case WM INITDIALOG:
cwCenter (hWwndDlg, 0);
/* initialize working variables */
ieee=OpenName (“IEEE”) ;
Hello(ieee, hellomsg) ;
SetDlgItemText (hWndDlg, 101, (LPSTR)hellomsg);
Close(ieee);
break; /* End of WM_INITDIALOG */

After the Hello Message window is displayed, as shown in the figure, the driver handleis closed. Since
in this application the handle is created every time Go is selected, a potential conflict could ariseif that
handle is not closed as we exit this subroutine. Clicking the OK button will close this window.

I Hello Response I

Driver488/WIN Revision 2.08 Jun 28 19941 Copyright [C) 1992 I0tech Inc|

Hello Message Window

When the application is closed by selecting Quit, thewM DESTROY message is sent to Driver488/W31:

case WM CLOSE: /* close the window */
hDriver=FindWindow ( (LPSTR) "Driver488Loader",
(LPSTR) "Driver488/W31") ;
SendMessage (hDriver, WM DESTROY, 0, OL);
DestroyWindow (hWnd) ;
if (hWwnd == hWndMain)
PostQuitMessage (0) ; /* Quit the application */
break;

Establishing Communications

The following program contains most of the function calls of Driver488/W31. The user interface of
this program isintentionally simple to highlight the Driver488/W31 operations. To centralize all of the
Driver488/W31-related code, the architecture of this example is not typical of a C program. This
exampl e operates the multi-channel 16-bit anal og-to-digital converter; the ADCA488.

In every C program using Driver488/W31, header files of declarations must be merged into the
program. In the next example, those declarations are omitted from the listing for the sake of brevity.

With the associated source files, the following program can be built using the file ExamMpLE2 . MaK (for
Miscrosoft C or Quick C users) or ExaMPLE2 . PRJ (for Borland C users) found on the Driver488/W31
disk.

This example has several declarations that will be used later:

HWND hDriver /* handle for Driver488/W31l */
DevHandleT ieee, adc, devhandle; /* handles for the IEEE board * /
char textstr[2048], responsel[64]; /* string for Driver488responses */
double sum, voltage; /* variables for ADC488 responses */

For the sake of this discussion, assume that Driver488/W31 has been configured to start with a
configuration including the devices 1EEE (IEEE 488 interface) and apc (ADC488/8S connected to the
|EEE 488 interface). Additional interfaces and/or devices may also have been defined, as the driver
can support up to 4 interfaces and 56 devices simultaneously. To open the two devices of interest, we
use the following statements:
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/* Open Driver488/W31l */
if ((ieee=OpenName (“IEEE”))<0) {
MessageBox (hWwndDlg, (LPSTR) "Cannot initialize IEEE system",
NULL,MB_OK) ;
EndDialog (hWwndDlg, TRUE) ;
return TRUE;

}

/* Open or create the device named ADC */
Error (ieee, OFF);
switch (adc=OpenName (“ADC”)) {
case -2:
MessageBox (hWndDlg, (LPSTR) "ADC device already open",NULL,
MB_OK) ;
EndDialog (hWwndDlg, TRUE) ;
return TRUE;
case -1:
/* Create the device ADC by copying the default device WAVE*/
switch (devhandle=OpenName (“WAVE”)) {
case -2:
MessageBox (hWndDlg, (LPSTR) "WAVE device already
open",NULL,MB OK) ;
EndDialog (hWwndDlg, TRUE) ;
return TRUE;
case -1:
MessageBox (hWndDlg, (LPSTR) "Cannot open WAVE
device",NULL,MB OK) ;
EndDialog (hWwndDlg, TRUE) ;
return TRUE;
default:
break;

if ((adc=MakeDevice(devhandle, “ADC”))) {
MessageBox (hWndDlg, (LPSTR)"Cannot create ADC device", NULL,
MB_OK) ;
EndDialog (hWwndDlg, TRUE) ;
return TRUE;

}

Close (devhandle) ;
break;
default:
break;

}

GetError (ieee, textstr);
BusAddress (adc, 14, -1);

If the apc was not configured within Driver488/W31, it can be optionally created “on the fly”, as
shown above. First Error was used to turn oFF automatic error reporting so that our application can
trap the error instead. If opening the name apc failed, the handle of the device 1EEE, which is always
available within Driver488/W31, is used to clone a new device called apc using the MakeDevice
command. GetError iSthen called to clear theinternal error registered within Driver488/W31.
Lastly, the IEEE bus address 14 is assigned to the apc.

If other devices were needed for the application at hand, they could either be defined in the startup
configuration for Driver488/W31 or they could be created “on the fly” from the application:

adc2 = MakeDevice(adc, “ADC2")
BusAddress (adc2,10,-1)

The new device apc2 is configured to reside at a different bus address so that the two devices may be
distinguished. Thereisone other important difference between apc and apc2 at this point. apc2 isa
temporary device; that is, as soon as the creating application closes, apc2 ceasesto exist. If our intent
was to create a device that could be accessed after this application ends, we must tell Driver488/W31
this:

KeepDevice (adc2)

After executing the previous statement, apc2 is marked as being permanent; that is, the device will not
be removed when the creating application exits. If we later wish to remove the device, however, we
can do so explicitly:

RemoveDevice (adc2)

Personal488 User’s Manual, Rev. 3.0 11-211

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



10E. C Languages I1. SOFTWARE GUIDES - 10. Driver488/W31

Confirming Communications

With or without an open device handle, the application can, if desired, confirm communication with
Driver488/W31 viathe Hello function:

Hello(ieee, textstr);
strcat (textstr, “\r\n”);

The function also fillsin a string, from which information can be extracted if it is desirable to display
facts about the driver in use.

IEEE 488 Event Message

The |EEE 488 Event Message feature of Driver488/W31 allows a C program to respond to |EEE 488
bus events. Driver488/W31 will send the Windows Message wM_IEEE488EVENT to the application
when an enable event occurs. A listing of available eventsis shown in the table:

Event Description

SRQ The Service Request bus lineis asserted.

Peripheral | An addressed status change has occurred and the interface is a Peripheral.

Controller | An addressed status change has occurred and the interfaceis an Active Controller.

Trigger The interface has received a device Trigger command.

Clear The interface has received a device clear command.

Talk An addressed status change has occurred and the interfaceis a Talker.

Listen An addressed status change has occurred and the interface is a Listener.

Idle An addressed status change has occurred and the interface is neither a Talker nor a
Listener.

BytelIn The interface has received a data byte.

ByteOut The interface has been configured to output a data byte.

Error A Driver488/W31 error has occurred.

Change Theinterface has changed its addressed state. The Controller/Peripheral or
Talker/Listener/Idle states of the interface have changed.

Note:  This Event table mirrors the Arm Condition table found under the topic “ System Controller,
Not Active Controller Mode” in the Sub-Chapter “Operating Modes® of Chapter 9.

To trap the IEEE 488 Event Message: Simply check for thewM IEEE488EVENT message in the default
switch of the application’s window handler. If the |IEEE 488 Event Message is detected, execute code
to handle the event.

The following exampl e uses the capability of the ADCA488 to issue an |EEE 488 srq when it needs
servicing. The |IEEE 488 Event Message will be issued and trapped on the srg and the ADC488 will
be serviced.

In every C program using Driver488/W31, header files of declarations must be merged into the
program. In the following example, those declarations have been omitted from the listing for the sake
of brevity.

With the associated source files, the following program can be built using the file ExaMpLE3 . MaK (for
Microsoft C or Quick C users) or ExaMPLE3 . PRJ (for Borland C users) found on the Driver488/W31
disk.

This example has several declarations that will be used later:

HWND hDriver /* handle for Driver488/W31l */

DevHandleT ieee; /* handle for the IEEE board * /

char textstr[2048], responsel[64]; /* string for Driver488responses */

char hellomsg[256]; /* string to hold the hello response */
int i, hundred[100]; /* general counter and data buffer */
TermT noterm; /* structure for disabling terminators */

Starting out like the previous example, this program then differs by adding an Exrror line to turn on the
automatic error reporting:
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/* open Driver488/W31l */
if ((ieee=OpenName (“IEEE”))) {
MessageBox (hWwndDlg, (LPSTR)"Cannot initialize IEEE system",
NULL, MB OK) ;
EndDialog (hWwndDlg, TRUE) ;
return TRUE;

}

/* open device named ADC */
Error (ieee, OFF);
switch (adc=OpenName (“ADC”)) {
case -2:
MessageBox (hWndDlg, (LPSTR)"ADC device already open", NULL,
MB_OK) ;
EndDialog (hWwndDlg, TRUE) ;
return TRUE;
case -1:
/* Create the device ADC by copying the default device WAVE*/
switch (devhandle=OpenName (“WAVE”)) {

case -2:
MessageBox (hWndDlg, (LPSTR)"WAVE device already
open", NULL, MB OK);
EndDialog (hWwndDlg, TRUE) ;
return TRUE;
case -1:
MessageBox (hWndDlg, (LPSTR)"Cannot open WAVE
device",NULL, MB OK) ;
EndDialog (hWwndDlg, TRUE) ;
return TRUE;
default:

break;

if ((adc=MakeDevice(devhandle, “ADC”))) {
MessageBox (hWndDlg, (LPSTR)"Cannot create ADC device", NULL,
MB_OK) ;
EndDialog (hWwndDlg, TRUE) ;
return TRUE;

}

Close (devhandle) ;
break;
default:
break;

}

GetError (ieee, response);
Error (ieee, ON);
BusAddress (adc, 14, -1);

When the |EEE 488 Event Message has been passed to the application, the following service routineis
executed. The particular subroutine is invoked when the ADC generates an srRQ on “acquisition
complete.”

default:
if (Message==WM IEEE488EVENT) {
strepy (textstr, "SRQ event detected\r\n");
SetDlgItemText (hWndDlg, 201, (LPSTR)textstr);

}

/* Clear the SRQ condition */
SPoll (adc) ;

/* Reset the buffer pointer of the ADC488 */
Output (adc, “BOX”);

/* Get 100 readings from the ADC488 */
for (i=0;id;i++) {
Enter (adc, response) ;
strcat (textstr, response);
strcat (textstr, “\r\n”);

}

SetDlgItemText (hWndDlg, 201, (LPSTR)textstr);

}

return FALSE;
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To enablethewM IEEE488EVENT Message, Driver488/W31 must be told to which window to send the
message using the onEvent command. It must also enable the message on an srQ with the arm
command.

/* Setup event handling for trapping the SRQ */
OnEvent (ieee, hWndDlg, (OpaqueP)OL);
Arm(ieee, acSRQ);

Note that upon closing the handle, al event handling associated with this control is disabled. Y ou must
keep the device open during the time in which its events are of interest. That is, with an ADC488, you
would open the device, assign the device handle, configure the ade with output commands, and then
wait for the srQ event to be triggered. The srq event handler would read data from the ADC488 and
then close the device, allowing other tasks access, and eliminating the event notification. The data read
fromthe ADC488, is displayed in the ADC488 Response window, as shown in the figure.

I ADC488 Response I

SHA event detected
-02.38833
-02.40800
-02 42766
-02 44633
-02.46500
-02.48400
-02.50133
-02.51866
-02.53500
-02.55233

Data read from the ADC488

Finally, the ADC488 is setup to complete an acquisition and assert srQ.

/* Clear the ADC488 */
Clear (adc) ;

/* Setup the ADC488 to SRQ on acquisition complete */
Output (adc, “M128X”);

/* Setup the ADC488:
100 uSec scan interval (I3)
No pre-trigger scans, 100 post-trigger scans (N100)
Continuous trigger on GET (T1)

*/

Output (adc, “I3N100T1X”);

/* Wait for the ready bit of the ADC488 to be asserted */
while ((SPoll(adc) & 32) == 0);

/* Trigger the ADC488 */
Trigger (adc) ;
Reading Driver Status

Y our application may interrogate Driver488/W31 at any time to determine its status and other
information. status information is returned in a structure provided by the application and can be
displayed by the showstat function shown below.

Status (ieee, &substat);
showstat (&substat, textstr);

Another function to display the information contained in the status structure could be:

void showstat (IeeeStatusT *substat, char *textstr) {
char response[64];

sprintf (response, “SC :%d\r\n”, substat->SC);
strcat (textstr, response);
sprintf (response, “CA :%d\r\n”, substat->Ca);
strcat (textstr, response);
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sprintf (response, “PrimAddr :%d\r\n”, substat->Primaddr);
strcat (textstr, response);

sprintf (response, “SecAddr :%d\r\n”, substat->Secaddr);
strcat (textstr, response);

sprintf (response, “SRQ :%d\r\n”, substat->SRQ);
strcat (textstr, response);

sprintf (response, “addrChange :%d\r\n”, substat->addrChange) ;
strcat (textstr, response);

sprintf (response, “talker :%d\r\n”, substat->talker);
strcat (textstr, response);

sprintf (response, “listener :%d\r\n”, substat->listener);
strcat (textstr, response);

sprintf (response, “triggered :%d\r\n”, substat->triggered);
strcat (textstr, response);

sprintf (response, “cleared :%d\r\n”, substat->cleared);
strcat (textstr, response);

sprintf (response, “transfer :%d\r\n”, substat->transfer);
strcat (textstr, response);

sprintf (response, “bytelIn :%d\r\n”, substat->byteIn);
strcat (textstr, response);

sprintf (response, “byteOut :%d\r\n”, substat->byteOut);
strcat (textstr, response);

}

External Device Initialization

Refer to the device manufacturer’ s documentation on specific requirements for initializing your
|EEE 488 instrument. In the case of the ADC488, appropriate initialization involves sending it a
Clear command and placing it into Remote mode:

Clear (adc) ;
Remote (adc) ;

For our hypothetical application, we also wish to have the ADCA488 generate a service request should it
detect acommand error. Thisinvolves sending a command string consisting of textual datato the
ADCA488:

Output (adec, “M8X”) ;

We may aso wish to perform other initialization and configuration. In this case, we set up the
ADCA488 (adc) in the following configuration:

/* Setup the ADC488
Differential inputs (A0)
Scan group channel 1 (C1)
Compensated ASCII floating-point output format (GO)
Channel 1 range to +/- 10V (R3)
One-shot trigger on talk (T6)
*
/

The command to perform this configuration combines the above strings and adds the Execute (x)
command for the ADCA488:

Output (adc, “AO0CLlGOR3T6X”) ;

Basic Data Acquisition

With both Driver488/W31 and the external device ready for action, we next might try taking asimple
reading using the ADC488. Here, we use the serial poll (spo11) capabilities of Driver488/W31 to
determine when aresponse is ready and to format the reply.

/* Wait for the ready bit of the ADC488 to be asserted */
while ((SPoll(adc) & 32) == 0);

/* Display the reading */

Enter (adc, response);

strcat (textstr, “ADC488 channel #1 reading value is ”);
strcat (textstr, response);

strcat (textstr, “\r\n”);
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/* Now acquire and display the average of 10 readings */
sum = 0.0;
for (i=0;i<10;i++) {

Enter (adc, response) ;

sscanf (response, "%$1£f", &voltage) ;

sum+=voltage;

}

sum/=10.0;

sprintf (response, “The average of 10 readings is %1f\r\n”, sum);
strcat (textstr, response);

Block Data Acquisition

First, we set up the ADC488 (adc) in the following configuration:

/* Setup the ADC488:
Compensated binary output format (G10)
100 uSec scan interval (I3)
No pre-trigger scans, 100 post-trigger scans (N100)
Continuous trigger on GET (T1)
*
/

We then wait for the ADC488 to start the acquisition process. Once the acquisition is complete, which
is determined by the MSB of the ADC488's seria poll response, the buffer pointer of the ADC488 is
reset (o).

Output (adc, “G1l0I3N100T1X”) ;

/* wait for the ready bit of the ADC488 to be asserted */
while ((SPoll(adc) & 32) == 0);

/* Trigger the ADC488 */
Trigger (adc) ;

/* wait for the acquisition complete bit of ADC488 to be asserted */
while ((SPoll(adc) & 128) == 0);

/* Reset the buffer pointer of the ADC488 */
Output (adc, “BOX”);

Next, we fill the buffer with 100 readings from the ADC488. Since the data being returned from the
ADC488 isin abinary format, the noterm terminator structure is used to disable scanning for
terminators such as carriage return and line feed.

noterm.EOI = 0;
noterm.nChar = 0;
EnterX (adec, (char *)hundred, 200, 1, &noterm, 1, 0);

The Enterx function will use aDMA transfer if available. Because DMA transfers are performed
entirely by the hardware, the program can continue with other work while the DMA transfer function
occurs. For example, the program will process the previous set of data while collecting a new set of
datainto adifferent buffer. However, before processing the data we must wait for the transfer to
complete. For illustration purposes, we query the Driver488/W31 status both before and after waiting.

/* Display DRIVER488/W31l status */
Status(ieee, &substat);
showstat (&substat, textstr);

/* Wait for completion of input operation*/
Wait (adc) ;

/* Display DRIVER488/W31l status */
Status (ieee, &substat);
showstat (&substat, textstr);
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Now we process the buffer:

/* Print the received characters */
for (i=0;i<100;i++) {
sprintf (response, “%6d ”, hundred[i]);
strcat (textstr, response);
if ((i%8)==7) {
strcat (textstr, "\r\n");
}
}

strcat (textstr, "\r\n");
SetDlgItemText (hWndDlg, 201, (LPSTR)textstr);

The readings are stored in the local variable textstr in the above example. They could, however be
placed into atext-type control. Refer to the Driver488/W31 status display in the ADC488 Response
window, shown in the following figure:

I ADCA488 Response I

5C -1
CA -1
PrimAddr 21

SecAddr :255
RO -0

addrChange :1
talker -0
listener -1
triggered :0
cleared :0
ransfer :0

Driver488/W31 Status Display

The functions described so far in this Sub-Chapter provide enough functionality for a basic data
acquisition program. The following program listing covers the examples used. Additional functions
provided by Driver488/W3L1 are described in the “ Section I11: Command References’ of this manual.

Sample Programs

Data Acquisition Sample Programs

The following examples were developed using Quick C for Windows. Additional example programs
areincluded on the Driver488/W31 disk.

Source Code (Example 2.c)

/* QuickCase:W KNB Version 1.00 */
#include “EXAMPLE2.h”

#include “iot_main.h”

#include “iotmc60w.h”

#include “stdio.h”

/* function prototypes */
void showstat (IeeeStatusT *substat, char *textstr);

int PASCAL WinMain (HANDLE hInstance, HANDLE hPrevInstance, LPSTR
lpszCmdLine, int nCmdShow)

{

/*******************************************************************/
/* HANDLE hInstance; handle for this instance */
/* HANDLE hPrevInstance; handle for possible previous instances */
/* LPSTR lpszCmdLine; long pointer to exec command line */
/* int nCmdShow; Show code for main window display */

/*******************************************************************/
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MSG msg; /* MSG structure to store your messages
int nRc; /* return value from Register Classes */

strcpy (szAppName, “EXAMPLE2") ;
hInst = hInstance;
if (!hPrevInstance) ({
/* register window classes if first instance of application
if ((nRc = nCwRegisterClasses()) == -1) {
/* registering one of the windows failed
LoadString (hInst,IDS ERR REGISTER CLASS,szString,
sizeof (szString)) ;
MessageBox (NULL, szString, NULL, MB ICONEXCLAMATION) ;
return nRc;

}
}

/* create application’s Main window
hWndMain = CreateWindow (

szAppName /* Window class name
“Driver488/W31l Simple Example” , /* Window’s title
WS_CAPTION | /* Title and Min/Max
WS_SYSMENU /* Add system menu box
WS_MINIMIZEBOX | /* Add minimize box
WS _MAXIMIZEBOX | /* Add maximize box
WS _THICKFRAME | /* thick sizeable frame
WS_CLIPCHILDREN | /* don’t draw in child windows areas*/
WS OVERLAPPED,
CW_USEDEFAULT, O, /* Use default X, Y
CW_USEDEFAULT, O, /* Use default X, Y
NULL, /* Parent window’s handle
NULL, /* Default to Class Menu
hInst, /* Instance of window
NULL) ; /* Create struct for WM _CREATE

if (hWwndMain == NULL) {
LoadString (hInst, IDS ERR CREATE WINDOW, szString,
sizeof (szString)) ;
MessageBox (NULL, szString, NULL, MB ICONEXCLAMATION) ;
return IDS ERR CREATE WINDOW;
}

ShowWindow (hWndMain, nCmdShow) /* display main window

while (GetMessage (&msg, NULL, 0, 0)) { /* Until WM QUIT message
TranslateMessage (&msg) ;
DispatchMessage (&msg) ;

}

/* Do clean up before exiting from the application
CwUnRegisterClasses() ;

return msg.wParam;

} /* End of WinMain

*/

*/
*/

*/

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

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

*/
*/

*/

*/

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

/*
/* Main Window Procedure

/*

*/
*/
*/

/* This procedure provides service routines for the Windows events */

/* (messages)that Windows sends to the window, as well as the user

/* initiated events (messages) that are generated when the user
/* selectsthe action bar and pulldown menu controls or the
/* corresponding keyboard accelerators.

/*

*/
*/
*/
*/
*/

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

LONG FAR PASCAL WndProc (HWND hWnd, WORD Message, WORD wParam, LONG

lParam)
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{

HMENU hMenu=0; /* handle for the menu */
HBITMAP hBitmap=0 /* handle for bitmaps */
HDC hDC; /* handle for the display device */
PAINTSTRUCT ps; /* holds PAINT information */
int nRc=0; /* return code */

HWND hDriver;

switch (Message) {
case WM _COMMAND :

/* The Windows messages for action bar and pulldown menu items */
/* are processed here. */
switch (wParam) {

case IDM F GO:

/* Place User Code to respond to the */
/* Menu Item Named “&Go” here. */

FARPROC lpfnEX2DLGMsgProc;

lpfnEX2DLGMsgProc = MakeProcInstance ( (FAPROC) EX2DLGMsgProc,

hInst);
nRc = DialogBox (hInst, MAKEINTRESOURCE (200), hwWnd,

lpfnEX2DLGMsgProc) ;
FreeProcInstance (1pfnEX2DLGMsgProc) ;

}

break;

case IDM F_QUIT:

/* Place User Code to respond to the */
/* Menu Item Named “&Quit” here. */
SendMessage (hWwnd, WM CLOSE, 0, OL);
break;
default:

return DefWindowProc (hWnd, Message, wParam, lParam);

}

break; /* End of WM COMMAND */
case WM _CREATE:
break; /* End of WM CREATE */
case WM MOVE: /* code for moving the window */
break;
case WM SIZE: /* code for sizing client area */
break; /* End of WM SIZE */
case WM PAINT: /* code for the window’s client area */
/* Obtain a handle to the device context */

/* BeginPaint will sends WM _ERASEBKGND if appropriate */
memset (&ps, 0x00, sizeof (PAINTSTRUCT)) ;
hDC = BeginPaint (hWnd, &ps):;

/* Included in case the background is not a pure color */
SetBkMode (hDC, TRANSPARENT) ;

/* Inform Windows painting is complete */
EndPaint (hWwnd, &ps);

break; /* End of WM PAINT */

case WM CLOSE: /* close the window */

/* Destroy child windows, modeless dialogs, then,this window */
hDriver=FindWindow ( (LPSTR) "Driver488/W31l Loader",
(LPSTR) "Driver488/wW31") ;
SendMessage (hDriver, WM DESTROY, 0, OL);
DestroyWindow (hWnd) ;
if (hWwnd == hWndMain)

PostQuitMessage(0); /* Quit the application */
break;
default:
/* For any message for which you don’t specifically provide */
/* a service routine, you should return the message to */
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/* Windows for default message processing. */
return DefWindowProc (hWnd, Message, wParam, lParam);

return OL;

} /* End of WndProc */

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

/* */
/* Dialog Window Procedure */
/* */
/* This procedure is associated with the dialog box that is */

/* included in the function name of the procedure. It provides the */
/* service routines for the events (messages) that occur because */
/* the end user operates one of the dialog box’s buttons, entry */
/* fields, or controls. */

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

BOOL FAR PASCAL EX2DLGMsgProc (HWND hWndDlg, WORD Message, WORD wParam,
LONG lParam)

{

DevHandleT ieee, adc, devhandle; /* handles for the IEEE devices */
IeeeStatusT substat; /* structure for the Driver488/W31l Status*/
chartextstr[2048] ,response[64];

/* strings for Driver488/W31l responses */

double sum, voltage; /* variables for ADC488 responses */
int i, hundred[100]; /* general counter and data buffer */
TermT noterm; /* structure for disabling terminators */

switch (Message)

{

case WM _INITDIALOG:
cwCenter (hWwndD1lg, 0);
/* initialize working variables */

/* open Driver488/W31 */
if ((ieee=OpenName (“IEEE”))<0) {
MessageBox (hWndDlg, (LPSTR)"Cannot initialize IEEE system",

}

NULL, MB OK);
EndDialog (hWwndDlg, TRUE) ;
return TRUE;

/* open or create the device named ADC */
Error (ieee, OFF);
switch (adc=OpenName (“ADC”)) {

case

case

case

-2:
MessageBox (hWndDlg, (LPSTR)"ADC device already open", NULL,
MB_OK) ;
EndDialog (hWwndDlg, TRUE) ;
return TRUE;
-1:
/* Create the device ADC by copying the default device WAVE */
switch (devhandle=OpenName (“*WAVE”)) {
-2
MessageBox (hWndDlg, (LPSTR)"WAVE device already open",
NULL, MB OK);
EndDialog (hWwndDlg, TRUE) ;
return TRUE;
case -1:
MessageBox (hWndDlg, (LPSTR)"Cannot open WAVE device",
NULL, MB OK) ;
EndDialog (hWndDlg, TRUE) ;
return TRUE;
default:
break;
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if ((adc=MakeDevice(devhandle, “ADC”))<0) {
MessageBox (hWndDlg, (LPSTR) "Cannot create ADC device", NULL,
MB_OK) ;
EndDialog (hWndDlg, TRUE) ;
return TRUE;
}
Close (devhandle) ;
break;
default:
break;
}
GetError (ieee, textstr);
BusAddress (adc, 14, -1);
/* get Driver488/W31l hello response */
Hello(ieee, textstr);
strcat (textstr, “\r\n”);

/* get Driver488/W31l status response */
Status (ieee, &substat);
showstat (&substat, textstr);

/* Clear the ADC488 */
Clear (adc) ;

/* Setup the ADC488
Differential inputs (2A0)
Scan group channel 1 (Cl)
Compensated ASCII floating-point output format (GO)
Channel 1 range to +/- 10V (R3)
One-shot trigger on talk (T6)
*/
Output (adec, “AOClGOR3T6X”) ;

/* wait for the ready bit of the ADC488 to be asserted */
while ((SPoll(adc) & 32) == 0);

/* display the reading */

Enter (adc, response);

strcat (textstr, “ADC488 channel #1 reading value is ”);
strcat (textstr, response);

strcat (textstr, “\r\n”);

/* Now aquire and display the average of 10 readings */
sum = 0.0;

for (i=0;i<0;i++) {

Enter (adc, response) ;

sscanf (response, "%$1£f", &voltage) ;

sum+=voltage;

}
sum/=10.0;
sprintf (response, “The average of 10 readings is %1f\r\n”, sum);
strcat (textstr, response);

/* Setup the ADC488:
Compensated binary output format (G10)
100 uSec scan interval (I3)
No pre-trigger scans, 100 post-trigger scans (N100)
Continuous trigger on GET (T1)
*/
Output (adc, “G1l0I3N100T1X”) ;

/* wait for the ready bit of the ADC488 to be asserted */
while ((SPoll(adc) & 32) == 0);

/* Trigger the ADC488 */

Trigger (adc) ;
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/* wait for the acquisition complete bit of ADC488 to be asserted */
while ((SPoll(adc) & 128) == 0);

/* Reset the buffer pointer of the ADC488 */

Output (adec, “BO0X”) ;

/* Take 100 readings from the ADC488 */

noterm.EOI = 0;

noterm.nChar = 0;

EnterX (adec, (char *)hundred, 200, 1, &noterm, 1, 0);

/* Display DRIVER488/W31 status */
Status (ieee, &substat);
showstat (&substat, textstr);

/* Wait for completion of input operation */
Wait (adc) ;

/* Display DRIVER488/W31l status */
Status (ieee, &substat);
showstat (&substat, textstr);

/* Print the received charcters */
for (i=0;i<100;i++) {

sprintf (response, “%6d ”, hundredl[i]);

strcat (textstr, response);

if ((i%8)==7) {

strcat (textstr, "\r\n");

}

}

strcat (textstr, "\r\n");
SetDlgItemText (hWndDlg, 201, (LPSTR)textstr);

Close(ieee) ;
Close(adc) ;

break; /* End of WM INITDIALOG */

case WM CLOSE:

/* Closing the Dialog behaves the same as Cancel */
PostMessage (hWwndDlg, WM COMMAND, IDCANCEL, OL);
break; /* End of WM CLOSE */

case WM_COMMAND:
switch (wParam)

case 201: /* Edit Control */
break;

case IDOK:
EndDialog (hWndDlg, TRUE) ;
break;

case IDCANCEL:
/* Ignore data values entered into the controls */
/* and dismiss the dialog window returning FALSE */
EndDialog (hWwndDlg, FALSE) ;
break;

}

break; /* End of WM COMMAND */

default:

return FALSE;

return TRUE;

} /* End of EX2DLGMsgProc */
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/*******************************************************************/

/* */
/* nCwRegisterClasses Function */
/* */
/* The following function registers all the classes of all the */
/* windows associated with this application. The function returns */
/* an error code if unsuccessful, otherwise it returns 0. */
/* */

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

int nCwRegisterClasses (void)
WNDCLASS wndclass; /* struct to define a window class */
memset (&wndclass, 0x00, sizeof (WNDCLASS)) ;

/* load WNDCLASS with window’s characteristics */
wndclass.style = CS_HREDRAW | CS VREDRAW | CS BYTEALIGNWINDOW;
wndclass.lpfnWndProc = WndProc;

/* Extra storage for Class and Window objects */
wndclass.cbClsExtra = 0;

wndclass.cbWndExtra = 0;

wndclass.hInstance = hlnst;

wndclass.hIcon = LoadIcon(hInst, “EXAMPLE2");

wndclass.hCursor = LoadCursor (NULL, IDC_ARROW) ;

/* Create brush for erasing background */
wndclass.hbrBackground = (HBRUSH) (COLOR WINDOW+1) ;

wndclass.lpszMenuName = szAppName; /* Menu Name is App Name */
wndclass.lpszClassName = szAppName; /* Class Name is App Name*/

if (!RegisterClass(&wndclass))

return -1;
return(0) ;

} /* End of nCwRegisterClasses */

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

/* cwCenter Function */
/* */
/* centers a window based on the client area of its parent */
/* */

/*******************************************************************/
void cwCenter (hWnd, top)

HWND hWnd;

int top;

{

POINT pt;

RECT swp;

RECT rParent;

int iwidth;

int iheight;

/* get the rectangles for the parent and the child */
GetWindowRect (hWnd, &swp) ;
GetClientRect (hWndMain, &rParent);

/* calculate the height and width for MoveWindow */
iwidth = swp.right - swp.left;
iheight = swp.bottom - swp.top;

/* f£find the center point and convert to screen coordinates */
pt.x = (rParent.right - rParent.left) / 2;
pt.y = (rParent.bottom - rParent.top) / 2;

ClientToScreen (hWndMain, &pt):;

/* calculate the new x, y starting point */
pt.x = pt.x - (iwidth / 2);
pt.y = pt.y - (iheight / 2);

/* top will adjust the window position, up or down */
if (top)
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pt.y = pt.y + top;

/* move the window */
MoveWindow (hWnd, pt.x, pt.y, iwidth, iheight, FALSE);

}

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

/* CwUnRegisterClasses Function */
/* */
/* Deletes any refrences to windows resources created for this */
/* application, frees memory, deletes instance, handles and does */
/* clean up prior to exiting the window */
/* */

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

void CwUnRegisterClasses (void)

{

WNDCLASS wndclass; /* struct to define a window class */
memset (&wndclass, 0x00, sizeof (WNDCLASS)):;

UnregisterClass (szAppName, hInst);
} /* End of CwUnRegisterClasses */

void showstat (IeeeStatusT *substat, char *textstr) {
char response[64];

sprintf (response, “SC :%d\r\n”, substat->SC);

strcat (textstr, response);

sprintf (response, “CA :%d\r\n”, substat->Ca);

strcat (textstr, response);

sprintf (response, “PrimAddr :%d\r\n”, substat->Primaddr);
strcat (textstr, response);

sprintf (response, “SecAddr :%d\r\n”, substat->Secaddr);
strcat (textstr, response);

sprintf (response, “SRQ :%d\r\n”, substat->SRQ);
strcat (textstr, response);

sprintf (response, “addrChange :%d\r\n”, substat->addrChange) ;

strcat (textstr, response);
sprintf (response, “talker :%d\r\n”, substat->talker);
strcat (textstr, response);

sprintf (response, “listener :%d\r\n”, substat->listener);
strcat (textstr, response);

sprintf (response, “triggered :%d\r\n”, substat->triggered);
strcat (textstr, response);

sprintf (response, “cleared :%d\r\n”, substat->cleared);
strcat (textstr, response);

sprintf (response, “transfer :%d\r\n”, substat->transfer);

strcat (textstr, response);

sprintf (response, “byteIn :%d\r\n”, substat->byteln);

strcat (textstr, response);

sprintf (response, “byteOut :%d\r\n”, substat->byteOut);
strcat (textstr, response);

}

Header File (Example2.h)

/* QuickCase:W KNB Version 1.00 */
#include <windows.h>

#include <string.h>

#define IDM FILE 1000

#define IDM F_GO 1050

#define IDM F QUIT 1150

#define IDS ERR REGISTER CLASS 1
#define IDS ERR CREATE WINDOW 2

char szString[128]; /* variable to load resource strings */
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char szAppName[20]; /* class name for the window */
HWND hInst;

HWND hWndMain;

void cwCenter (HWND, int);

LONG FAR PASCAL WndProc (HWND, WORD, WORD, LONG) ;

BOOL FAR PASCAL EX2DLGMsgProc (HWND, WORD, WORD, LONG) ;
int nCwRegisterClasses (void);

void CwUnRegisterClasses(void) ;

Resource Script  (Example2.rc)

#include “EXAMPLE2.h”
EXAMPLE2 ICON 488.ICO

EXAMPLE2 MENU
BEGIN
POPUP “&File”
BEGIN
MENUITEM “&Go”, IDM F GO
MENUITEM SEPARATOR
MENUITEM “&Quit”, IDM F QUIT
END
END

#include “EXAMPLE2.DLG”

STRINGTABLE
BEGIN

IDS ERR CREATE WINDOW, “Window creation failed!”

IDS _ERR REGISTER CLASS, “Error registering window class”
END

Dialog Script (Example2.dig)

DLGINCLUDE RCDATA DISCARDABLE
BEGIN

“EXAMPLE2.H\0"
END

200 DIALOG 27, 40, 293, 138

STYLE DS MODALFRAME | WS_POPUP | WS VISIBLE | WS_CAPTION
CAPTION “ADC488 Response”

FONT 8, “Helv”
BEGIN

EDITTEXT 201, 3, 6, 287, 99, ES MULTILINE | ES AUTOVSCROLL |
ES_AUTOHSCROLL

PUSHBUTTON “OK”, IDS ERR REGISTER CLASS, 127, 117, 40, 14
END

Definition (Example2.def)

NAME EXAMPLE2

EXETYPE WINDOWS

STUB ‘WINSTUB.EXE’

CODE PRELOAD MOVEABLE

DATA PRELOAD MOVEABLE MULTIPLE

HEAPSIZE 4096
STACKSIZE 5110
EXPORTS WndProc @l

EX2DLGMsgProc @2

IEEE 488 Event Message Sample Programs
Source Code (Example3.c)

/* QuickCase:W KNB Version 1.00 */
#include “EXAMPLE3.h”
#include “iot_main.h”
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#include “iotmc60w.h”
#include “stdio.h”

/* Global wvariables */
DevHandleT ieee, adc, devhandle; /* handles for IEEE devices */
char textstr[2048], response[64];

/* strings for Driver488/W31l responses*/

int PASCAL WinMain (HANDLE hInstance, HANDLE hPrevInstance, LPSTR
lpszCmdLine, int nCmdShow)

{

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

/* HANDLE hInstance; handle for this instance */
/* HANDLE hPrevInstance; handle for possible previous instances */
/* LPSTR lpszCmdLine; long pointer to exec command line */
/* int nCmdShow; Show code for main window display */

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

MSG msg; /* MSG structure to store your messages */
int nRc; /* return value from Register Classes */

strcpy (szAppName, “EXAMPLE3") ;
hInst = hInstance;
if (!hPrevInstance) {

/* register window classes if first instance of application */
if ((nRc = nCwRegisterClasses()) == -1) {
/* registering one of the windows failed */

LoadString (hInst, IDS ERR REGISTER_CLASS, szString,
sizeof (szString)) ;

MessageBox (NULL, szString, NULL, MB ICONEXCLAMATION) ;
return nRc;

}

}

/* create application’s Main window */
hWndMain = CreateWindow (
szAppName /* Window class name */
“Driver488/W31l Simple Example”, /* Window’s title */
WS _CAPTION | /* Title and Min/Max */
WS_SYSMENU | /* Add system menu box */
WS_MINIMIZEBOX | /* Add minimize box */
WS_MAXIMIZEBOX | /* Add maximize box */
WS _THICKFRAME | /* thick sizeable frame */
WS_CLIPCHILDREN | /* don’t draw in child windows areas */
WS OVERLAPPED,
CW_USEDEFAULT, O, /* Use default X, Y */
CW_USEDEFAULT, O, /* Use default X, Y */
NULL, /* Parent window’s handle */
NULL, /* Default to Class Menu */
hInst, /* Instance of window */
NULL) ; /* Create struct for WM _CREATE */

if (hWwndMain == NULL) {
LoadString (hInst, IDS ERR CREATE WINDOW, szString,
sizeof (szString)) ;
MessageBox (NULL, szString, NULL, MB ICONEXCLAMATION) ;
return IDS ERR CREATE WINDOW;

}

ShowWindow (hWndMain, nCmdShow) ; /* display main window */

while (GetMessage(&msg, NULL, 0, 0)) { /* Until WM QUIT message */
TranslateMessage (&msg) ;
DispatchMessage (&msg) ;

}
11-226 Personal488 User’s Manual, Rev. 3.0

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



I1. SOFTWARE GUIDES - 10. Driver488/W31

10E. C Languages

/* Do clean up before exiting from the application
CwUnRegisterClasses() ;

return msg.wParam;

} /* End of WinMain

*/

*/

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

/*
/* Main Window Procedure
/* This procedure provides service routines for the Windows

/* events (messages) that Windows sends to the window, as well as
/* the user initiated events (messages) that are generated when
/* the user selects the action bar and pulldown menu controls or

/* the corresponding keyboard accelerators.

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

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

LONG FAR PASCAL WndProc (HWND hWnd, WORD Message, WORD wParam,

lParam)

{

HMENU hMenu=0; /* handle for the menu

HBITMAP hBitmap=0; /* handle for bitmaps

HDC hDC; /* handle for the display device
PAINTSTRUCT ps; /* holds PAINT information

int nRc=0; /* return code

HWND hDriver;

switch (Message) {
case WM COMMAND:

LONG

*/
*/
*/
*/
*/

/* The Windows messages for action bar and pulldown menu items */

/* are processed here.
switch (wParam) {
case IDM F GO:
/* Place User Code to respond to the
/* Menu Item Named “&Go” here.

{

FARPROC 1lpfnEX3DLGMsgProc;

*/

*/
*/

lpfnEX3DLGMsgProc = MakeProcInstance ( (FARPROC) EX3DLGMsgProc,

hInst) ;
nRc = DialogBox (hInst, MAKEINTRESOURCE (200), hwWnd,
lpfnEX3DLGMsgProc) ;
FreeProcInstance (1lpfnEX3DLGMsgProc) ;
}
break;
case IDM F QUIT:

/* Place User Code to respond to the */
/* Menu Item Named “&Quit” here. */
SendMessage (hWnd, WM CLOSE, 0, OL);
break;
default:
return DefWindowProc (hWnd, Message, wParam, lParam);
}
break; /* End of WM COMMAND */
case WM CREATE:
break; /* End of WM CREATE */
case WM MOVE: /* code for moving the window */
break;
case WM SIZE: /* code for sizing client area */
break; /* End of WM SIZE */
case WM _PAINT: /* code for the window’s client area */
/* Obtain a handle to the device context */
/* BeginPaint will sends WM ERASEBKGND if appropriate */
memset (&ps, 0x00, sizeof (PAINTSTRUCT)) ;
hDC = BeginPaint (hWnd, &ps);
/* Included in case the background is not a pure color */
SetBkMode (hDC, TRANSPARENT) ;
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/* Inform Windows painting is complete */
EndPaint (hWnd, &ps);

break; /* End of WM PAINT */
case WM CLOSE: /* close the window */
/* Destroy child windows, modeless dialogs, then, this window */

hDriver=FindWindow ( (LPSTR) "Driver488/W31 Loader",
(LPSTR) "Driver488/wW31");

SendMessage (hDriver, WM DESTROY, 0, OL);
DestroyWindow (hWnd) ;

if (hWwnd == hWndMain)

PostQuitMessage(0); /* Quit the application */
break;

default:

/* For any message for which you don’t specifically provide a */
/* service routine, you should return the message to Windows */
/* for default message processing. */

return DefWindowProc (hWnd, Message, wParam, lParam);

}

return OL;

} /* End of WndProc */
/*******************************************************************/
/* */
/* Dialog Window Procedure */
/* */
/* This procedure is associated with the dialog box that is */

/* included inthe function name of the procedure. It provides the */
/* service routines for the events (messages) that occur because */
/* the end user operates one of the dialog box’s buttons, entry */

/* fields, or controls. */
/*******************************************************************/

BOOL FAR PASCAL EX3DLGMsgProc (HWND hWndDlg, WORD Message, WORD wParam,
LONG lParam)

double sum, voltage;
int i, hundred[100];
TermT noterm;

switch (Message) {

case WM _INITDIALOG:

cwCenter (hWndDlg, 0);

/* initialize working variables */

/* open Driver488/W31 */
if ((ieee=OpenName (“IEEE”))<0) {
MessageBox (hWndDlg, (LPSTR) "Cannot initialize IEEE system", NULL,
MB_OK) ;
EndDialog (hWndDlg, TRUE) ;
return TRUE;

}

/* open device named ADC */
Error (ieee, OFF);
switch (adc=OpenName (“ADC”)) {
case -2:
MessageBox (hWndDlg, (LPSTR)"ADC device already open", NULL,
MB_OK) ;
EndDialog (hWwndDlg, TRUE) ;
return TRUE;
case -1:
switch (devhandle=OpenName (“WAVE”)) {
case -2:
MessageBox (hWndDlg, (LPSTR)"WAVE device already open", NULL, MB OK);
EndDialog (hWndDlg, TRUE) ;
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return TRUE;

case -1:

MessageBox (hWndDlg, (LPSTR)"Cannot open WAVE device",
NULL, MB OK) ;

EndDialog (hWndDlg, TRUE) ;

return TRUE;

default:

break;
}
if ((adc=MakeDevice(devhandle, “ADC”))<0) {
MessageBox (hWndDlg, (LPSTR) "Cannot create ADC device", NULL,
MB_OK) ;

EndDialog (hWndDlg, TRUE) ;

return TRUE;
}
Close (devhandle) ;

break;
default:
break;

}

GetError (ieee, response);
Error (ieee, ON) ;
BusAddress (adc, 14, -1);

/* Setup event handling for trapping the SRQ */
OnEvent (ieee, hWndDlg, (OpaqueP)OL);
Arm(ieee, acSRQ);

/* Clear the ADC488 */
Clear (adc) ;

/* Setup the ADC488 to SRQ on acquisition complete */
Output (ade, “M128X”) ;
/* Setup the ADC488:

100 uSec scan interval (I3)

No pre-trigger scans, 100 post-trigger scans (N100)
Continuous trigger on GET (T1)

*/

Output (adc, “I3N100T1X”) ;

/* Wait for the ready bit of the ADC488 to be asserted */
while ((SPoll(adc) & 32) == 0);
/* Trigger the ADC488 */

Trigger (adc) ;
strcpy (textstr, "Waiting for SRQ event\r\n");
SetDlgItemText (hWndDlg, 201, (LPSTR)textstr);

break; /* End of WM INITDIALOG */
case WM CLOSE:
/* Closing the Dialog behaves the same as Cancel */
PostMessage (hWwndDlg, WM COMMAND, IDCANCEL, OL);
break; /* End of WM CLOSE */

case WM _COMMAND:

switch (wParam) {

case 201: /* Edit Control */
break;

case IDOK:
Close(ieee);
Close(adc) ;
EndDialog (hWndDlg, TRUE) ;
break;

case IDCANCEL:
/* Ignore data values entered into the controls */
/* and dismiss the dialog window returning FALSE */
EndDialog (hWwndDlg, FALSE) ;
break;
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}

break; /* End of WM COMMAND */
default:
if (Message==WM IEEE488EVENT) {
strcpy (textstr, "SRQ event detected\r\n");
SetDlgItemText (hWndDlg, 201, (LPSTR)textstr);

/* Clear the SRQ condition */
SPoll (adc) ;

/* Reset the buffer pointer of the ADC488 */
Output (adc, “BO0X”);
/* Get 100 readings from the ADC488 */

for (i=0;i<100;i++) {

Enter (adc, response) ;
strcat (textstr, response);
strcat (textstr, “\r\n”);

}

SetDlgItemText (hWndDlg, 201, (LPSTR)textstr);

}

return FALSE;

}

return TRUE;
} /* End of EX3DLGMsgProc */

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

/* */
/* nCwRegisterClasses Function */
/* */
/* The following function registers all the classes of all the */
/* windows associated with this application. The function returns */
/* an error code if unsuccessful, otherwise it returns 0. */
/* */

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

int nCwRegisterClasses (void)

{

WNDCLASS wndclass; /* struct to define a window class */
memset (&wndclass, 0x00, sizeof (WNDCLASS));
/* load WNDCLASS with window’s characteristics */

wndclass.style = CS HREDRAW | CS VREDRAW | CS_BYTEALIGNWINDOW;
wndclass.lpfnWndProc = WndProc;

/* Extra storage for Class and Window objects */
wndclass.cbClsExtra 0;

wndclass.cbWndExtra 0;

wndclass.hInstance = hInst;

wndclass.hIcon = LoadIcon (hInst, “EXAMPLE3");

wndclass.hCursor = LoadCursor (NULL, IDC ARROW) ;

/* Create brush for erasing background */
wndclass.hbrBackground = (HBRUSH) (COLOR WINDOW+1) ;

wndclass.lpszMenuName = szAppName; /* Menu Name is App Name */
wndclass.lpszClassName = szAppName; /* Class Name is App Name */

if (!RegisterClass (&wndclass))
return -1;

return (0) ;
} /* End of nCwRegisterClasses */

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

/* cwCenter Function */
/* */
/* centers a window based on the client area of its parent */
/* */

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

void cwCenter (hWnd, top)
HWND hWnd;
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int top;

{

POINT pt;
RECT swp;
RECT rParent;
int iwidth;
int iheight;

/* get the rectangles for the parent and the child */
GetWindowRect (hWnd, &swp) ;
GetClientRect (hWndMain, &rParent);

/* calculate the height and width for MoveWindow */
iwidth = swp.right - swp.left;
iheight = swp.bottom - swp.top;

/* find the center point and convert to screen coordinates */
pt.x = (rParent.right - rParent.left) / 2;

pt.y = (rParent.bottom - rParent.top) / 2;

ClientToScreen (hWndMain, &pt);

/* calculate the new x, y starting point */
pt.x = pt.x - (iwidth / 2);
pt.y = pt.y - (iheight / 2);

/* top will adjust the window position, up or down */
if (top)
pt.y = pt.y + top;

/* move the window */
MoveWindow (hWnd, pt.x, pt.y, iwidth, iheight, FALSE);

}

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

/* CwUnRegisterClasses Function */
/* */
/* Deletes any refrences to windows resources created for this */
/* application, frees memory, deletes instance, handles and does */
/* clean up prior to exiting the window */
/* */

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

void CwUnRegisterClasses(void)
WNDCLASS wndclass; /* struct to define a window class */
memset (&wndclass, 0x00, sizeof (WNDCLASS));

UnregisterClass (szAppName, hInst);
} /* End of CwUnRegisterClasses */

Header File (Example3.h)

/* QuickCase:W KNB Version 1.00 */
#include windows.h

include

g.h

#define IDM FILE 1000

#define IDM F_GO 1050

#define IDM F _QUIT 1150

#define IDS ERR REGISTER CLASS 1

#define IDS ERR CREATE WINDOW 2

char szString[128]; /* variable to load resource strings */

char szAppName[20]; /* class name for the window */
HWND hInst;
HWND hWndMain;
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void cwCenter (HWND, int);

LONG FAR PASCAL WndProc (HWND, WORD, WORD, LONG) ;

BOOL FAR PASCAL EX3DLGMsgProc (HWND, WORD, WORD, LONG) ;
int nCwRegisterClasses(void);

void CwUnRegisterClasses(void) ;

Resource Script  (Example3.rc)

#include “EXAMPLE3.h”
EXAMPLE3 ICON 488.ICO

EXAMPLE3 MENU
BEGIN
POPUP “&File”
BEGIN
MENUITEM “&Go”, IDM F GO
MENUITEM SEPARATOR
MENUITEM “&Quit”, IDM F QUIT
END
END

#include “EXAMPLE3.DLG”

STRINGTABLE
BEGIN

IDS _ERR CREATE WINDOW, “Window creation failed!”

IDS ERR REGISTER CLASS, “Error registering window class”
END

Dialog Script (Example3.dig)

DLGINCLUDE RCDATA DISCARDABLE
BEGIN

“EXAMPLE3.H\0"
END

200 DIALOG 27, 40, 293, 138

STYLE DS MODALFRAME | WS_POPUP | WS VISIBLE | WS_CAPTION

CAPTION “ADC488 Response”

FONT 8, “Helv”

BEGIN

EDITTEXT 201, 3, 6, 287, 99, ES MULTILINE | ES AUTOVSCROLL |

ES_ AUTOHSCROLL
PUSHBUTTON “OK”, IDS ERR REGISTER CLASS, 127, 117, 40, 14

END

Definition (Example3.def)

NAME EXAMPLE3

EXETYPE WINDOWS

STUB ‘WINSTUB.EXE’

CODE PRELOAD MOVEABLE

DATA PRELOAD MOVEABLE MULTIPLE

HEAPSIZE 4096
STACKSIZE 5110
EXPORTS WndProc @l

EX3DLGMsgProc @2

Command Summary

To obtain a summary of the C language commands for Driver488/W31, turn to the “ Section I11:
Command References’ of this manual.

[1-232

Personal488 User’s Manual, Rev. 3.0

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



I1. SOFTWARE GUIDES - 10. Driver488/W31

10F. Visual Basic

10F. Visual Basic
Topics
e Accessing from a Windows Program ..........ccccceeeeeieeeeeeeeeeeeeennns 11-232
Opening & Closing the DIIVEr ........oocuviiiii i 11-233
e Establishing Communications ............ccoovvvvviiiiiiiiie e, 11-234
e Confirming CommuNICAtIONS .........ccoeviiiiiiiiiiiieie e 11-235
e |EEE 488 Event Custom Control...........ccccvviiiiiii e, 11-235
e Reading Driver StatusS............ccceevviviiiiiii e 11-238
e External Device Initialization.............cccovvviiiiiiii e, 11-238
e Basic Data ACQUISTTION .........ccooiiiiiiiiiiiie e eeeeeeaeeees 11-239
o Block Data ACQUISITION .......ccooviiiiiiiiiiee e 11-239
e Dynamic Data Exchange (DDE).........ccccovvviiiiiiiiiii e, 11-241
APPLICATION ..ot e e e e e 11-241
SEIrVEE LINKS oot 11-241
ACQUISITION ENQGINE ..ot 11-243
o SAMPIE Programs .........ciiiiiiiiiiiiiiiiiii et 11-246
Data Acquisition Sample Program ..........ccccccceeiiiiieiiieciiiies e 11-246
IEEE 488 Event Custom Control Sample Program .........ccccccceeieeeeeeeennnn. 11-249
Acquisition Engine Sample Program ..........ccccccceeiiiiieiiceiiciie e 11-250
o ComMMANd SUMMANY ....uuuiiiiieeeeeiiiiiiiiias e e e e e e eeeearaan e e e e eeeeeeennannns 11-251

Accessing from a Windows Program

The structure of a Windows program generally dictates that actions take place in response to messages
such as an operator key press, mouse action, menu selection, etc. Thisdiscussion coversthe basic
actions needed to control Driver488/W31. How these actions are combined and coordinated in
response to Windows messages is up to the application designer.

The interface between Visual Basic (VB) and Driver488/W31 consists of three pieces:

e 10TVB10.TXT: A filecontaining the required external declarations

e TIOTVB10.BAS: A setof interface functions to handle structure conversions

e IOTEVENT.VBX: An|EEE 488 Event Custom Control

Y our application can call all Driver488/W3L1 functions as

documented in the “ Section 111: Command References.”
The following functions found in that Section, as shown

in the table, are renamed to avoid conflicts with VB

reserved words:

In order to have access to all the Driver488/W31

functions, you must include the file zoTvB10.TXT. You

can accomplish this through the Add File item under the

filemenu. Type *.TxT into the selection field to find

the filein your project.

Driver488/W31 Visual Basic
Command Name

Clear ioClear
Close ioClose
Error ioError
Local ioLocal
Output ioOutput
Reset ioReset
Resume ioResume
Stop ioStop
Wait ioWait

Certain functions provided by Driver488/W3L1 require

that data structures be passed in a particular format which is not easily generated froma VB
application. Conversion functions are provided in ToTvB10.Bas, which should be included in the
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Project window. Using the VB File menu, select the item Add File and select toTvB10.BAS. At this
point, all Driver488/W31 functions should be accessible.

If you require event handling support, use the custom control written for event handling. The IEEE
488 Event Custom Control support isincluded in the file toTEVENT . VBX, which should be included in
the Project window. For more information on using the |EEE 488 Event Custom Control, turn to the
following topic “I EEE 488 Event Custom Control” in this Sub-Chapter.

Opening & Closing the Driver

Thefirst Driver488/W31 programming example is designed for simplicity. Its sole purposeisto verify
proper communication with the driver, and upon closing, remove the driver from memory.

In every Visual Basic program using Driver488/W31, afile of declarations must be merged into the
program, typically to the cLoBaL.Bas file. In the following example, those declarations have been
omitted from the listing for the sake of brevity.

With the associated source files, the following program can be built using the file ExaMPLE1 . MAK
found on the Driver488/W3L1 disk.

This example has two declarations that will be used later:

Declare Function FindWindow Lib “User” (ByVal datal$, ByVal data2$)As
Integer

Declare Function SendMessage Lib “User” (ByVal winHandle%, ByVal
message%, ByVal wp%, ByVal lp As Long) As Integer

The form has only one text box with one button . When the button is pressed, the service routine for
Commandl_ cClick opensthedriver. ThentheHello functioniscalled, using the handle returned from
the openName function.

Sub Commandl Click ()
Dim ieee As Integer
Dim hellomsg As String * 247
ieee = OpenName (“IEEE”)
errcode = Hello (ieee, ByVal hellomsg)
Response.Text = hellomsg
errcode = ioClose(ieee)
End Sub

After the Hello Message window is displayed, as shown in the figure, the driver handleis closed. Since
in this application, the handle is created every time the form button is pressed, a potential conflict could
ariseif that handle is not closed as we exit this subroutine. Clicking the HELL O button will close this

window.
= Driverd88A%IN Hello Program vl —

Driverd88 wIN Revision 2.08 Jun 28 19941 Copyright [C] 1992 10tech Inc.

Hello Message Window

When the application is closed by the user, the tnload event is sent to the form. Our service routine
for unload uses the functions that were declared earlier in the cLoBaL. Bas file.

Sub Form Unload (Cancel As Integer)
‘Unload the IEEE driver
loaderName$ = “Driver488Loader”
winName$ = “Driver488/W31”
Hdriver% = FindWindow (loaderName$, winName$)
asdf = SendMessage (Hdriver%, &H2, 0, 0)
End Sub
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Establishing Communications

The following program contains most of the function calls of Driver488/W31. The user interface of
this program isintentionally simple to highlight the Driver488/W31 operations. To centralize all of the
Driver488/W31-related code, the architecture of this exampleis not typical of a Visual Basic program.
This example operates the multichannel, 16-bit analog to digital converter; the ADCA488.

In every Visual Basic program using Driver488/W31, afile of declarations must be merged into the
program, typically to the cLoBaL.Bas file. In the following example, those declarations have been
omitted from the listing for the sake of brevity.

With the associated source files, the following program can be built using the file ExaMPLE2 . MAK
found on the Driver488/W31 disk.

This example has two declarations that will be used later:

Declare Function FindWindow Lib “User” (ByVal datal$, ByVal data2$)As
Integer

Declare Function SendMessage Lib “User” (ByVal winHandle%,
ByValmessage%, ByVal wp%, ByVal lp As Long) As Integer

The following declarations are included in the General section of the form, and are assumed through
the remainder of the discussion:

Dim nl As String * 2

Dim mystring As String

Dim substat As IeeeStatus
Dim adc As Integer

Dim response As String * 256
Dim intResp(500) As Integer
Dim voltage As Single

Dim sum As Single

Dim noterm As terms

Dim sample As String * 7

For the sake of this discussion, assume that Driver488/W31 has been configured to start with a
configuration including the devices I1EEE (I EEE 488 interface) and apc (ADC488/8S connected to the
|EEE 488 interface). Additional interfaces and/or devices may also have been defined, as the driver
can support up to 4 interfaces and 56 devices simultaneously. To open the two devices of interest, we
use the following statements:

‘Open Driver488/wW31l
ieee% = OpenName (“IEEE”)

If (ieee% = -1) Then
MsgBox “Cannot initialize IEEE system”
End

End If

‘Open device named ADC
rv% = ioError (ieee%, TURNOFF)
devhandle% = OpenName (“wave”)
adc = OpenName (“ADC”)
If (adc = -1) Then
adc = MakeDevice (devhandle%, “ADC”)
If (adc = -1) Then
MsgBox “Can not initialize device ADC”
End
End If
End If

response = “”
rv% = GetError (leee%, response)
rv% = BusAddress (adc, 14, -1)

If the apc was not configured within Driver488/W31, it can be optionally created “on the fly”, as
shown above. First ioError Was used to TURNOFF automatic error reporting so that our application
can trap the error instead. If opening the name apc failed, the handle of the device wave, whichis
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always available within Driver488/W31, is used to clone a new device called apc using the
MakeDevice COmMMand. GetError isthen called to clear theinternal error registered within
Driver488/W31. Lastly, the |IEEE bus address 14 is assigned to the apc.

If other devices were needed for the application at hand, they could either be defined in the startup
configuration for Driver488/W31 or they could be created “on the fly” from the application:

adc2% = MakeDevice(adc, “ADC2")
rv% = BusAddress(adc2, 10, -1)

The new device apc2 is configured to reside at a different bus address so that the two devices may be
distinguished. Thereisone other important difference between abc and abc2 at thispoint. Abc2 isa
temporary device; that is, as soon as the creating application closes, ADC2 ceasesto exist. If our intent
were to create a device that could be accessed after this application ends, we must tell Driver488/W31
this:

rv%=KeepDevice (adc2)

After executing the above statement, apc2 is marked as being permanent; that is, the device will not be
removed when the creating application exits. If we later wish to remove the device, however, we can
do so explicitly:

rv%=RemoveDevice (adc2)

Confirming Communications

With or without an open device handle, the application can, if desired, confirm communication with
Driver488/W31 via the Hello function:

rv%s = Hello(ieee%, response)
mystring = “”

The function also fillsin a string, from which information can be extracted if it is desirable to display
facts about the driver in use.

IEEE 488 Event Custom Control

The |EEE 488 Event Custom Control feature of Driver488/W31 alows a Visual Basic program to
respond to | EEE 488 bus events. This feature is represented by atool icon in the toolbox containing
“488” within a double arrow which appears when the ToTEVENT . vBX fileisincluded in the Project
window. To begin this program from the VB File menu, select the tool icon and then select
IOTEVENT.VBX.

The |EEE 488 Event Custom Control has properties that correspond to |EEE 488

bus events that can be enabled or disabled. If an IEEE 488 Event Custom Control 488
property is enabled, the Visual Basic program will call a user written function

associated with the specified event when the event occurs. The | EEE 488 Event

Custom Control has two other properties: the Hand1e property and the ctr1Name | EEE 488 Event
property. The Handle property specifies the device that the events describe. The Custom Control
CtrlName property stores space for the name of an application text box. For more Icon
information on ctr1Name, refer to the topic “ Dynamic Data Exchange (DDE)”

found later in this Sub-Chapter.

The |EEE 488 bus events that Driver488/W31 supports are shown in the following table:
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Event Description

SRQ The Service Request bus lineis asserted.

Peripheral | An addressed status change has occurred and the interface is a Peripheral.

Controller | An addressed status change has occurred and the interfaceis an Active Controller.

Trigger The interface has received a device Trigger command.

Clear The interface has received a device clear command.

Talk An addressed status change has occurred and the interface is a Talker.

Listen An addressed status change has occurred and the interface is a Listener.

Idle An addressed status change has occurred and the interface is neither a Talker nor a
Listener.

Byteln The interface has received a data byte.

ByteOut The interface has been configured to output a data byte.

Error A Driver488/W31 error has occurred.

Change Theinterface has changed its addressed state. The Controller/Peripheral or
Talker/Listener/Idle states of the interface have changed.

Note:  This Event table mirrors the Arm Condition table found under the topic “ System Controller,
Not Active Controller Mode” in the Sub-Chapter “Operating Modes® of Chapter 9.

To use an | EEE 488 Event Custom Control:

1. Click onthe IEEE 488 tool in the toolbox and insert it on the form.
2. Enablethe properties that specify the events you wish to trap.

3. Open the Code window for the |EEE 488 Event Custom Control.
4

For each property you enabled, open the Procedure window that corresponds to the property and
write code enabling the program to perform the actions needed when the | EEE 488 event occurs.
When the |EEE 488 event occurs during program execution, the function associated with that
event will be called.

The upcoming example uses the programs of the ADCA488 to issue an |EEE 488 srQ when it needs
servicing. The |EEE 488 Event Custom Control will be programmed to trap the srQ and the ADC488
will be serviced.

In every Visual Basic program using Driver488/W31, afile of declarations must be merged into the
program, typically to the cLoBaL.BAs file. In the following example, those declarations have been
omitted from the listing for the sake of brevity.

With the associated source files, the following program can be built using the file ExaMPLE3 . MAK
found on the Driver488/W31 disk.

This example has several declarations that will be used later:

Declare Function FindWindow Lib “User” (ByVal datal$, ByVal data2$) As
Integer

Declare Function SendMessage Lib “User” (ByVal winHandle%, ByVal
message%, ByVal wp%, ByVal 1lp As Long) As Integer

The following declarations are included in the General section of the form, and are assumed through
the remainder of the discussion:

Dim nl As String * 2

Dim mystring As String

Dim substat As IeeeStatus
Dim adc As Integer

Dim response As String * 256
Dim intResp(500) As Integer
Dim voltage As Single

Dim sum As Single

Dim noterm As terms

Dim sample As String * 7
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When the |EEE 488 Event Custom Control has been placed in your application, the following service
routine is made available. The particular subroutine isinvoked when the ADC generates an SrRQ on
“acquisition complete”.

Sub Event4881 Srq ()

‘Clear SRQ condition
rv% = spoll (adc)

‘Reset the buffer pointer of the ADC488
rv% = ioOutput (adc, “BOX”)

‘Get 100 readings from the ADC488
TextWindow.Text = “”
For i% = 1 to 100
rv% = Enter (adc, response)
TextWindow.Text = TextWindow.Text + response
Next i%
End Sub

The sole button on the form opens the pre-configured ADC then initializesit by clearing it. Next, the
|EEE 488 event handling is setup by affiliating the Hand1le property of the Event4881 control to the
newly opened ADC handle. For the bus event to be captured and sent to the custom control, the ADC
handle must be left open.

Sub Commandl Click ()
‘Now opening a device named ADC
adc = OpenName (“ADC”)

If (adc = -1) Then
MsgBox “Cannot initialize device ADC”
End

End If

To activate this event (srQ), the srq property of the IEEE controller must be set to True. At design-
time, select the | EEE 488 tool icon on your form, then select srQ in the properties area. Set the srQ
property to True.

Note that upon closing the handle, al event handling associated with this control is disabled. Y ou must
keep the device open during the time in which its events are of interest. That is, with an ADC488, you
would open the device, assign the handle to the Event Custom Control’sHandle property, configure
the ade with iooutput commands, and then wait for the srg event to be triggered. The srg event
handler would read data from the ADC488 and then close the device, allowing other tasks access, and
eliminating the event notification. The dataread from the ADC488, is displayed in the Driver488/W31
Custom Control Example window, as shown in the figure.

= Driver438MWIN Custom Control Example v| =

—02.83766
—02.83366
—-02.82900
—02.82366
—02.81900
—-02.81333
—02_80700
—-02_80100
-02.79333
—02.78566
—-02_.77800
-02.76933
—02.76033
—-02.75100
—02.74066
—02.73066

Data read from the ADC488
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Finally, the ADC488 is setup to complete an acquisition and assert srQ.

‘Clear ADC
rv% = ioClear (adc)

‘Set up event handling for trapping the SRQ
Event4881.Handle = adc
Event4881.SRQ = -1

“Enable ADC to SRQ on acquisition complete
rv% = ioOutput (adc, ”M128X")

‘Setup the ADC488:

*100 uSec scan interval (I3)

‘No pre-trigger scans, 100 post-trigger scans (N100)
‘Continuous trigger on GET (T1)

rv% = ioOutput (adc, “13N100T1X”)

‘Trigger the ADC488
rv% = Trigger (adc)

Reading Driver Status

Y our application may interrogate Driver488/W31 at any time to determine its status and other
information. status information is returned in a structure provided by the application and can be
displayed by the function shown below.

rv% = Status(ieee%, substat)
Call showstat (substat)

Another function to display the information contained in the status structure could be:

Sub showstat (substat As IeeeStatus)
nl = Chr$(13) + Chr$(10)
mystring = “”
mystring = mystring
mystring = mystring
mystring = mystring

+ “SC:” + Str$ (substat.sSC) + nl

+ “CA:” + Str$ (substat.CA) + nl

+ “PrimAddr:” + Str$ (substat.PrimAddr) + nl

mystring = mystring + “SecAddr:” + Str$ (substat.SecAddr) + nl

mystring = mystring + “SRQ:” + Str$ (substat.SRQ) + nl

mystring = mystring + “addrChange:” + Str$ (substat.addrChange) + nl

mystring = mystring + “talker :” + Str$ (substat.talker) + nl

mystring = mystring + “listener:” + Str$ (substat.listener) + nl

mystring = mystring + “triggered:” + Str$ (substat.triggered) + nl

mystring = mystring + “cleared:” + Str$ (substat.cleared) + nl

mystring = mystring + “transfer:” + Str$ (substat.transfer) + nl

mystring = mystring + “byteIn :” + Str$ (substat.byteIn) + nl
mystring = mystring + “byteOut :” + Str$ (substat.byteOut) + nl
TextWindow.Text = TextWindow.Text + RTrim$ (mystring)

End Sub

External Device Initialization

Refer to the device manufacturer’ s documentation for specific requirements for initializing your
|EEE 488 instrument. In the case of the ADC488, appropriate initiaization involves sending it a
ioClear command and placing it into Remote mode:

rv% ioClear (adc)
rv% = Remote (adc)

For our hypothetical application, we also wish to have the ADCA488 generate a service request should it
detect acommand error. Thisinvolves sending a command string consisting of textual datato the
ADCA488:

rv% = ioOutput (adc, “M8X”)

We may aso wish to perform other initialization and configuration. In this case, we set up the
ADCA488 (adc) in the following configuration:
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‘Setup the ADC488:

‘Differential inputs (A0)

‘Scan group channel 1 (C1)

‘Compensated ASCII floating point output format (GO)
‘Channel 1 range to +/ 10V (R3)

‘One shot trigger on talk (T6)

The command to perform this configuration combines the above strings and adds the Execute (x)
command for the ADC488:

rv% = ioOutput(adc, “AOC1lGOR3T6X”)

Basic Data Acquisition

With both Driver488/W31 and the external device ready for action, we next might try taking a simple
reading using the ADC488. Here, we use the serial poll (spol1) capabilities of Driver488/W3L1 to
determine when aresponse is ready and to format the reply. The reply is appended to the existing
contents of the control Textwindow S0 that it will not erase previous responses.

‘Wait for the ready bit of the ADC488 to be asserted
While ((spoll(adc) And 32) = 0)
Wend

‘Display the reading

response = “”

mystring = “”

rv% = enter (adc, response)

voltage = Val (response)

mystring = mystring + “ADC488 channel #1l reading value is ” +
Str$ (voltage) + nl

TextWindow.Text = TextWindow.Text + mystring

‘Now acquire and display an average of 10 readings
sum = 0
For I% = 0 to 9
response = “”
rv% = enter (adc, response)
voltage = Val (response)
sum = sum + voltage
Next I%
sum = sum / 10

mystring = “”
mystring = mystring + “The average of 10 readings is” + Str$(sum) + nl
TextWindow.Text = TextWindow.Text + mystring

Block Data Acquisition

First, we set up the ADC488 (adc) in the following configuration:;

‘Setup the ADC488:

‘Compensated binary output format (G1l0)

‘100 uSec scan interval (I3)

‘No pre-trigger scans, 100 post-trigger scans (N100)
‘Continuous trigger on GET (T1)

We then wait for the ADC488 to start the acquisition process. Once the acquisition is complete, which
is determined by the MSB of the ADC488's seria poll response, the buffer pointer of the ADC488 is
reset (o).

rv% = iooutput(adc, “G10I3N100T1X”)

‘Wait for the ready bit of the ADC488 to be asserted
While ((spoll(adc) And 32) = 0)
Wend

‘Trigger the ADC488
rv% = Trigger (adc)

‘Wait for the acquisition complete bit of the ADC488 to be asserted
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While ((Spoll(adc) And 128) = 0)
Wend

‘Reset the buffer pointer of the ADC488
rv% = ioOutput(adc, “B0X”)

Next, we fill the buffer with 100 readings from the ADC488. Since the data being returned from the
ADC 488 isin abinary format, the noterm terminator structure is used to disable scanning for
terminators such as carriage return and line feed.

noterm.eoi = 0
noterm.nChar = 0
rv% = EnterXI(adc, intResp(0), 200, 1, noterm, 0, O0)

The Enterx function will use aDMA transfer if available. Because DMA transfers are performed
entirely by the hardware, the program can continue with other work while the DMA transfer function
occurs. For example, the program will process the previous set of data while collecting a new set of
datainto adifferent buffer. However, before processing the data we must wait for the transfer to
complete. For illustration purposes, we query the Driver488/W31 status both before and after waiting.

‘Display DRIVER488/W31 status
rv% = Status(ieee%, substat)
Call showstat (substat)

‘Wait for completion of input operation
rv% = ioWait (adc)

‘Display DRIVER488/W31l status
rv% = Status(ieee%, substat)
Call showstat (substat)

Now we process the buffer:

‘Print the received characters
mystring = “”
For i% = 0 To 99
mystring = mystring + Str$(intResp(i%)) +nl
Next i%

The readings are stored in the local variablemystring in the above example. They could, however be
placed into a text-type control. Refer to the Driver488/W31 status display in the Driver488/W31 ADC
Example Program window, shown in the following figure:

= Driver438/WIN ADC Example Program n -~

Driver488-¥IN Revision 2 .08 Jun 28 1994 t
Copyright (C) 1992 I0tech Inc.
SC o1

CA
PrimiAddr :
SecAddr =
SROQ :
addrChange
talker
listener
triggered
cleared
transfer
byteln
byteOut :
ADC488 channel ¥l reading wvalue i= 1.401
The average of 10 readings is 1.40123

=

COoOOoOQFEOQOO MMM

. -

Driver488/W31 Status Display

The functions described so far in this Sub-Chapter provide enough functionality for abasic data
acquisition program. The program listing which appears at the end of this Sub-Chapter, covers the
examples used. Additional functions provided by Driver488/W31 are described in the “ Section I11:
Command References’ of this manual
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Dynamic Data Exchange (DDE)

Dynamic Data Exchange (DDE) is a feature built into Microsoft Windows where by unrelated
application programs can communicate.

In test and measurement, there are several potential applications for DDE. For example, avery small
program can be written to collect data for another specialized program to process, like a spreadsheet
program. Programs such as Microsoft Excel have awide variety of graphics, analysis, and report
writing capabilities. Supplying datato Excel directly from an instrument can be a very powerful
solution to alaboratory application.

This example will explain the concept of DDE from a programmer’ s perspective using Visua Basic as
the development environment. Driver488/W31 will be used to collect instrument data that will be
automatically transferred to an unrelated application program.

Application

Datathat is transferred from one application to another, first goes through the clipboard. Thisis
important to know when debugging a DDE application. To see what is being transferred from
application to application at run time, just open the Clipboard in the Windows Program Manager.

Every DDE datatransfer requires a Client and a Server; the Client receives the data while the Server
suppliesit. Visua Basic hasthree controlsthat can act asaclient: A picture box, atext box, and a
label. Most controls on aform can act as a source for data, but only a form can act as a server.

Windows provides two kinds of application links: Hot links and cold links. Hot links update the datain
the client application as soon as the datais available on the server. Cold links require the operator to
reguest that the client be updated. Cold links give more control to the operator as to when the data
transfer takes place.

Let us see how Microsoft Excel and Microsoft Word for Windows set up a DDE link:
1. If you have them, start them both.

2. InWord, type in ashort string of text.

3. Select thetext, then click the Copy item under the Edit menu.

4. Bringthe Excel spreadsheet into the foreground by clicking on its window.

5

Select acell, then click Paste Link under its Edit menu. The link is now complete, and any
changes made in the string in the word processor will be reflected in the spreadsheet cell.

Server Links

Visua Basic provides two methods by which its applications can be linked to other applications:
Design-time and run-time links. A design-time link is performed while in the Visual Basic
development environment. Meanwhile, arun-time link is performed when your Visual Basic program
isrunning. Run-time links are more flexible than design-time links in that the application which will be
linked does not need to be chosen at design time.

Design-TimeLinks

To create a design-time link between your application and Microsoft Excel:
1. Placeatext box in your application’s form.

2. Select the text box by clicking on it with the mouse cursor.

3. Now go up into the Visual Basic Edit menu and select Copy.

4. If Excel isnot running, start it now.
5

Select acell in the Excel spreadshest, then select Paste Link under the Edit menu. The hot link is
now complete. Anything typed into your application’s text box will aso show up in the
spreadsheet cell. Thislink will be maintained when your application is running.
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During this process, some properties of the controlsin your application were altered by Visual Basic.
These include the LinkMode and the LinkTopic. For more information on the use and meaning of
Link properties, consult your Visual Basic User Manual or Help system.

Run-TimeLinks
To create arun-time link:

1. Your program must set itself up as a server viathe LinkMode property. Y our application may
have several forms, the form which contains the control that will supply the data must have its
LinkMode property set to SERVER. This property can be set at design time by selecting the
LinkMode property of your form and setting it to SERVER, or at run time by placing the following
command in the Load event service routine of your form:

LinkMode = SERVER

Note: The string sERVER is defined in consTaNT . TXT Which should be added to your project if
you wish to useiit.

2. Totake your application out of server mode at run time, issue the following command in the
service routine of your choice:

LinkMode = NONE

3. After your application has been setup as a server, the dataiin its controls isimmediately accessible
to other applications.

4. Start your application then launch Excel.

Select acell in the spreadsheet. We can now type in an application link by specifying: the
application to link, the form within the application, and the control within the form.

For example, if your application is named pProJECT1, with one form named ForM1, containing one
text box named TExT1, type the following into acell in your Excel spreadsheet:

=PROJECT1|FORM1!TEXT1

Y ou have now formed a hot link Anything typed in text box TExT1 will appear in the spreadsheet
cell.

Posting Link Information

One drawback to this run-time linking approach is that a user of your program would need to know the
names of your application’s controls (like TExT1) to complete the link. To eliminate this requirement,
your application can be programmed to post the link information in the clipboard. When programs like
Excel recognize the presence of thisinformation in the clipboard, they enable a command called Paste
Link under their Edit menu. Paste Link will automatically place the string that we typed above into the
selected cell.

To program your application to post the link information:

1. Inyour application, create a button or amenu item called Copy Link. Under your new control’s
Click event, type in the following:

ClipBoard.Clear
ClipBoard.SetText “PROJECT1|Form1!text1“, &HBFO00

Thefirst line clears the present contents of the clipboard. The second line places the control
identifier which includes the application name, the form name and the control name, into the
clipboard and tagsit as alink specifier viathe last parameter («EBF00).

2. After starting your application, click the Copy Link control.

3. Select acell inthe Excel spreadsheet and click the Paste Link item under the Edit menu. The
following string:

=PROJECTL1 |Forml!textl

isautomatically placed in the cell completing the link.
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Posting Link Information with Focus

If your application has several text boxes from which DDE information can be sourced, you will want
to allow your Copy Link control to post the name of the text box that presently has the Focus.

To do this, hereis one way:

1. Declareaglobal string caled ctriName as a storage space for the name of the text box that
presently has the Focus.

2. Under the GotFocus event for each of the text boxes, type the following commands:

Sub Textl GotFocus()
CtrlName = “textl"
CopyLink.Enabled = TRUE
End Sub

Sub Text2 GotFocus()
CtrlName = “text2a"
CopyLink.Enabled = TRUE
End Sub

Sub Text3 GotFocus()
CtrlName = “text3"
CopyLink.Enabled = TRUE
End Sub

These service routines will maintain the global variable ctriName with the name of the presently
selected text box. They also allow user access to your Copy Link button.

3. Under the LostFocus event for each of the text boxes, type the following commands:

Sub Textl LostFocus()
CtrlName = “textl"
CopyLink.Enabled = FALSE
End Sub

Sub Text2 LostFocus ()
CtrlName = “text2a"
CopyLink.Enabled = FALSE
End Sub

Sub Text3 LostFocus ()
CtrlName = “text3"
CopyLink.Enabled = FALSE
End Sub

These service routines will disable user accessto your Copy Link control when no text boxes have
the Focus.

4. Inyour Copy Link service routine, type the following:

Sub CopyLink Click ()

ClipBoard.Clear

ClipBoard.SetText “PROJECT1|Forml!” + CtrlName, &HBFO0O
End Sub

This service routine will post the name of the text box that presently has the Focus. When you
move to the Excel spreadsheet and perform a Paste Link, the proper text box specification will

appear.

Acquisition Engine

One of the most common DDE applicationsin the data acquisition world, is sending collected data
from an instrument directly to a spreadsheet or analysis package.

Since spreadsheets and analysis programs typically do not have any means by which to setup
instruments and collect data, an independent program must be written to perform those functions,
namely, the Acquisition Engine. Using Driver488/W31, we will write a program that controls the 16-
channel digitizer, the ADC488/16A.
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The ADCA488/16A Acquisition Engine will have one form that sets up some of the parameters of the
instrument and provides a means of collecting and displaying the data. We will also include a means
for posting a server link specification in the clipboard, so Excel can perform a Paste Link operation.

Note: A similar exampleis also used within the QuikTEST utility. For more information on this
utility, turn to the next Sub-Chapter “ Utility Programs’ in this Chapter.

All of the initialization happensin the following Form Load Service routine.

Sub Form Load ()
LinkMode = 1
Chan.AddItem “1"
Chan.AddItem ”2"
Chan.AddItem “3"
Chan.AddItem ”4"
Chan.AddItem “5"
Chan.AddItem ”6"
Chan.AddItem “7"
Chan.AddItem ”8"
Chan.AddItem “9"
Chan.AddItem ”10"
Chan.AddItem “11"
Chan.AddItem ”12"
Chan.AddItem “13"
Chan.AddItem ”14"
Chan.AddItem “15"
Chan.AddItem ”16"
Chan.ListIndex = 0
Range (0) .value = -
textl.text =
StartFlag = 0
NL = Chr$(13) + Chr$(10)

End Sub

1

First the LinkMode iSSet to SERVER (1). Then the combo box isinitialized with the channel numbers
available from the ADC488/16A. After some form control initialization, the constant NL (new line) is
defined as a string consisting of a carriage return and line feed. Thiswill be used to put anew line
between readings.

Although the ADC488/16A has many programmable
features, for the sake of brevity, this application will only
exercise afew. This application provides controls to
adjust the channel voltage range and the desired channel.
The control where the collected datais returned is atext
box withitsMultiline and ScrollBar properties set
to TRUE at design time.

A very small bit of code resides behind the option
buttons. The option buttons are configured as a control
array. Theclick event isserviced by the same code
which sets the value of the global variable rng to the ADC488/16A Acquisition Engine Form
index number of the option control.

Sub Range Click (index As Integer)
Rng = index
End Sub

When the Acquire button is pressed, executing the Acquire Click routine, the pre-configured device
ADCA488 is opened and cleared. Then a string of ADC488 commands are sent to the device using the
settings from the combo box and the variable Rng. Lastly, the global variable startFlagissetto1
(start).
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Sub Acquire Click ()
Handle = OpenName (“ADC488")
Err = ioClear (Handle)
cmd$ = ”“C" + Str$(Chan.ListIndex + 1) + “R” + Str$(Rng) + “TOX”
Err = ioOutput (Handle, cmd$)
StartFlag = 1
End Sub

The acquisition actually takes place in the Timer serviceroutine. If the acquisition took place in the
Acquire Click Serviceroutine, it might never relinquish control to the user again, collecting readings
forever.

At design time, the timer interval was set to 500 which translatesto a500 ms period. The service
routine for the timer checksthe startFlag. If thevalueis 1, the routine collects data from the
ADCA488/16A viathe Enter command. After getting areading, the new reading is appended to the
existing string using NL as a data separator:
Sub Timerl Timer ()
If StartFlag = 1 Then
Err = Enter (Handle, resp)
textl.text = textl.text + NL + resp

End If
End Sub

The Stop button executes the stopper Click routine, setting the startFlag back to 0, ending the
acquisition, then closes the device ADC488 viaits Hand1e:

Sub Stopper Click ()
StartFlag = 0
Err = ioClose(Handle)
End Sub

The Copy Link button executes the copyLink_ Click routine, posting the server link information in
the clipboard. First the clipboard is cleared, then the link information is inserted.

Sub CopyLink Click ()
Clipboard.Clear
Clipboard.SetText “ADC488|Forml|textl”’ &HBFO0O0

End Sub
While this application is running, pressing the Copy = = iy
Link button seemsto have no effect. After starting the
. Channel Results

Excel program, we select several cellsin a column, 0140106 =
then click Paste Link under the Edit menu. Returning +01.40113
to the application, we click the Acquire button. The :3} ;:3} ag
dataimmediately begins flowing into the text box. ol
Soon &fter, the Excel spreadsheet column beginsto —
reflect the new data from the application, asindicated Sop Sk
in the following two screens.

| Acquire I | Stop I >

Acquisition Engine Form with Data

11-246 Personal488 User’s Manual, Rev. 3.0

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



I1. SOFTWARE GUIDES - 10. Driver488/W31 10F. Visual Basic

From Excel, this can be turned into a cold link, where = Microsoft Excel [~]=~
the column of the spreadsheet is updated only whenthe | Eile Edit Formula Format Data Options
user requests an update. In Excel, click Links... under Macro  Window _Help

the File menu. A list of the present linksis displayed. 8| =] =S [nomal |2 [=][B] 2]A] &

Selecting the newly active link and clicking the option Al | [{=ADC488[Form1textl}
button, brings up a dialog box with a check box for
enabling and disabling automatic link updates.

If the ADC488 application is terminated, the data in the
spreadsheet will become static. If we ask for the data
to be updated, the Excel spreadsheet will make an
attempt to start the application.

The following program listing includes the ADC488
Acquisition Engine program. This program was
designed to outline the basic concepts of DDE. For
further information on DDE, consult your Visua Basic
User Manual or Help system.

Feady [l [ INURA | | |

Excel Spreadsheet with ADC488/16A Data

Sample Programs

Data Acquisition Sample Program
GLOBAL .BAS Declarations

Declare Function FindWindow Lib “User” (ByVal datal$, ByVal data2$)
As Integer

Declare Function SendMessage Lib “User” (ByVal winHandle%, ByVal
message%, ByVal wp%, ByVal 1lp As Long) As Integer

Declarationsincluded in Form

Dim nl As String * 2

Dim mystring As String

Dim substat As IeeeStatus
Dim adc As Integer

Dim response as String * 256
Dim intResp(500) As Integer
Dim voltage As Single

Dim noterm As terms

Dim sample As String * 7

Sour ce Code

Sub Commandl Click ()
nl = Chr$(13) + Chr$(10)
TextWindow.Text = “”

‘open driver . .
ieee% = OpenName (“IEEE”)

If (ieee% = -1) Then
MsgBox “Cannot initialize IEEE system”
End

End If

‘Open device named ADC
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rv% = ioError (ieee%, TURNOFF)
devhandle% = OpenName (“wave”)
adc = OpenName (“ADC”)

If (adc = -1) Then
adc = MakeDevice (devhandle%, “ADC”)
If (adc = -1) Then
MsgBox “Can not initialize device ADC”
End
End If
End If
response = “”

rv% = GetError (ieee%, response)
rv% BusAddress (adc, 14, -1)

‘Get DRIVER488/W31l status
rv% = Hello (ieee%, response)
mystring = “”

For i% = 1 To Len (RTrim$ (response))
If Asc (Mid$ (response, i%, 1)) = 10 Then
mystring = mystring + nl
Else
mystring = mystring + Mid% (response, i%, 1)
End If
Next i%
mystring = mystring + nl

TextWindow.Text = TextWindow.Text + RTrim$ (mystring)
TextWindow.Text = TextWindow.Text + nl

‘Display DRIVER488/W31l status
rv% = Status (ieee%, substat)
Call showstat (substat)

‘Clear ADC
response = “”
rv% = ioClear (adc)

‘Setup the ADC488:

‘Differential inputs (A0)

‘Scan group channel 1 (C1)

‘Compensated ASCII floating-point output format (GO)
‘Channel 1 range to +/- 10V (R3)

‘One-shot trigger on talk (T6)

‘rv% = iooutput (adc, “AOC1lGOR3T6X”)

‘Wait for the ready bit of the ADC488 to be asserted
While ((spoll (adc) And 32) = 0)
Wend

‘Display the reading

response = “”

mystring = “”

rv% = enter (adc, response)

voltage = Val (response)

mystring = mystring + “ADC488 channel #1l reading value is ” +
Str$ (voltage) + nl

TextWindow.Text = TextWindow.Text + mystring

‘Now acquire and display an average of 10 readings

sum = 0
For i% = 0 To 9
response = “”

rv% = enter (adc, response)
voltage = Val (response)
sum = sum + voltage
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Next i%
sum = sum / 10

mystring = “”
mystring = mystring + “The average of 10 readings is ” + Str$(sum) +
nl

TextWindow.Text = TextWindow.Text + mystring

‘Setup the ADC488:

‘Compensated binary output format (G1l0)

‘100 uSec scan interval (I3)

‘No pre-trigger scans, 100 post-trigger scans (N100)
‘Continuous trigger on GET (T1)

rv% = iooutput (adc, “Gl0I3N100T1X”")

‘Wait for ready bit of the ADC488 to be asserted
While ((spoll (adc) And 32) = 0)
Wend

‘Trigger the ADC488
rv% = Trigger (adc)

‘Wait for the ready bit of the ADC488 to be asserted
While ((spoll (adc) And 32) = 0)
Wend

‘Reset the buffer pointer of the ADC488
rv% = iooutput (adc, “BOX”)

‘Take 100 readings from the ADC488

noterm.eoi = 0

noterm.nChar = 0

rv% = EnterXI(adc, intResp(0), 200, 1, noterm, 0, O0)

If rv = -1 Then

TextWindow.Text = TextWindow.Text + “Error in data transfer!”
End

End If

‘Display DRIVER488/W31 status
rv% = Status (ieee%, substat)
Call showstat (substat)

‘Wait for completion of input operation
rvs = ioWait (adc)

‘Display DRIVER488/W31l status
rv% = Status (ieee%, substat)
Call showstat (substat)
‘Print the received characters
mystring = “”
For i% = 0 to 99
mystring = mystring + Str$(intResp(i%) + nl
‘Next i%
mystring = mystring + nl
TextWindow.Text = TextWindow.Text + mystring
End Sub

Sub Form Unload (Cancel As Integer)
‘Unload the IEEE driver
loaderName$ = “Driver488/W31l Loader”
winName$ = “Driver488/wW31”
Hdriver% = FindWindow(loaderName$, winName$)
asdf = SendMessage (Hdriver%, &H2, 0, 0)

End Sub

Sub showstat (substat As IeeeStatus)
nl = Chr$(13) + Chr$(10)
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mystring = “”

mystring = mystring
mystring = mystring
mystring = mystring
mystring = mystring
mystring = mystring
mystring = mystring
mystring = mystring
mystring = mystring
mystring = mystring
mystring = mystring

“sc :” + Str$ (substat.SC) + nl
“CA :” + Str$ (substat.CA) + nl
“PrimAddr :” + Str$ (substat.PrimAddr) + nl
“SecAddr :” + Str$ (substat.SecAddr) + nl
“SRQ :” 4+ Str$ (substat.SRQ) + nl
“addrChange:” + Str$(substat.addrChange)+ nl
“talker :” + Str$ (substat.talker) + nl
“listener :” + Str$ (substat.listener) + nl
“triggered:” + Str$ (substat.triggered) + nl
“cleared :” + Str$ (substat.cleared) + nl
mystring = mystring “transfer :” + Str$ (substat.transfer) + nl
mystring = mystring “byteIn :” + Str$ (substat.byteIn) + nl
mystring = mystring + “byteOut :” + Str$ (substat.byteOut) + nl
TextWindow.Text = TextWindow.Text + RTrim$ (mystring)
End Sub

o+ o+

Function cvi (stringarg$) As Single
Static hb As Integer
Static 1lb As Integer
Static temp As Single
hb = Asc(Right$(stringarg$, 1)
1b = Asc(Left$(stringarg$, 1)
temp = ((hb And &H7F) * 256) + 1lb
If (hb And &H80) Then
temp = -temp
End If
cvi = temp
End Function

IEEE 488 Event Custom Control Sample Program
Declarations Included with Form

Dim adc As Integer
Dim response As String * 256

Sour ce Code

Sub Event4881 SRQ ()
‘Clear SRQ condition
rv% = spoll (adc)

‘Reset the buffer pointer of the ADC488
rv% = ioOutput(adc, “BO0X”)

‘Get 100 readings from the ADC488

TextWindow.Text = “”

For i% = 1 To 100

rv% = Enter (adc, response)

TextWindow.Text = TextWindow.Text + Chr$(13) + Chr$(10) + response

Next i%
rv% = ioClose(adc)
End Sub

Sub Commandl Click ()
‘Now opening a device named ADC
adc = OpenName (“ADC”)

If (adc = -1) Then
MsgBox “Can not initialize device ADC”
End
End If
‘Clear ADC
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rv% = ioClear (adc)

‘Set up event handling for trapping the SRQ
Event488l.Handle = adc
Event4881.SRQ = -1

‘Enable ADC to SRQ on acquisition complete
rv% = ioOutput (adc, “M128X”")

‘Setup the ADC488:

‘100 uSec scan interval (I3)

‘No pre-trigger scans, 100 post-trigger scans (N100)
‘Continuous trigger on GET (T1)

rv% = ioOutput (adc, “I3N100T1X")

‘Trigger the ADC488
rv% = Trigger (adc)
End Sub

Acquisition Engine Sample Program
GLOBAL .BAS Declarations

Global NL As String

Global resp As String * 255
Global StartFlag As Integer
Global Handle As Integer
Global Rng As Integer

Source Code

Sub Form Load ()
LinkMode = 1
Chan.AddItem “1"
Chan.AddItem ”2"
Chan.AddItem “3"
Chan.AddItem ”4"
Chan.AddItem “5"
Chan.AddItem ”6"
Chan.AddItem “7"
Chan.AddItem ”8"
Chan.AddItem “9"
Chan.AddItem ”10"
Chan.AddItem “11"
Chan.AddItem ”12"
Chan.AddItem “13"
Chan.AddItem ”14"
Chan.AddItem “15"
Chan.AddItem ”16"
Chan.ListIndex
Range (0) .value
textl.text =
StartFlag = 0
NL = Chr$(13) + Chr$(10)

End Sub

non
1 O
[

Sub Acquire Click ()
Handle = OpenName (“ADC”)
Err = ioClear (Handle)
cmd$ = “C” + Str$(Chan.ListIndex + 1) + “R” + Str$(Rng) + “TOX”
Err = ioOutput (Handle, cmd$)
StartFlag = 1
End Sub

Sub CopyLink Click ()
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ClipBoard.Clear
ClipBoard.SetText “ADC488|Forml!textl", &HBFO0O0
End Sub

Sub Range Click (index As Integer)
Rng = index
End Sub

Sub Stopper Click ()
StartFlag = 0
Err = ioClose(Handle)
End Sub

Sub Timerl Timer ()
If StartFlag = 1 Then
Err = Enter (Handle, resp)
textl.text = textl.text + NL + resp
End If
End Sub

Command Summary

To obtain a summary of the Visual Basic commands for Driver488/W31, turn to the “ Section I11:
Command References’ of this manual.

10G. Utility Programs

Topics
®  INErOAUCTION. ... 11-251
©  WINT EST L 11-251
Opening a Device Handle for Communication .............cccccvvuiiieieenneennn. 11-252
HAaNAIEe LESES ... 11-252
WINTEST SESSION ....iiiiiiiiiiiieii ittt ettt e e e e e e e e e aibaeeeeeaeeeeas 11-253
0 QUK EST o e e e e aaa e ees 11-254
AN o] o] 1 o=\ o o o I S 1 =S 11-254
INSTAITATION .oeeei ettt e e e 11-254
Operation of the Application...........coooviiiiiii e 11-255
Cutting & Pasting to Other ApplicationsS..........cuiiiiiiiiiiiiiiiieeeee, 11-255
Dynamic Data EXxchange (DDE).........cooiiiiiiiiiiiiiiee e eeeeeennn s 11-255
Loading the Project into Visual BasiC...........ccuuuuiiiiiiiiiiiiiiiiiieeeeeeein, 11-256
O LICENSING ot 11-256
Introduction

The Driver488/W31 software disk includes two utility programs: WINTEST and QUIKTEST. These
programs were designed as an exercise for the user and to verify proper installation of the driver.
WINTEST usesthe Driver488/W31 C syntax while QuIKTEST uses Visual Basic. This Sub-Chapter
describes each utility in detail.

WINTEST

WINTEST isautility program included with Driver488/W31. Its primary application isto exercise the
driver and instruments on the bus via Driver488/W31 commands, which are accessible from the menu
bar. Sincethelines of code that are generated and executed by wiNTEST use the Driver488/W31 C
language syntax, WINTEST is most useful for C programmers.
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Under the menu items of the wINTEST application are all of the commandsin Driver488/W31. The
commands are categorized in 8 groups:

Menu ltem Group Description

Device Commands dealing with accessing and configuring instruments
DataTransfer Commands that send and receive data from instruments

Send Low-level commands for sending commands and data to instruments
Query Polling commands

Error Driver query and error handling commands

Events Commands dealing with enabling and disabling bus events

Bus Bus and instrument management commands

Config Driver configuration commands

As the application’s main window opens on the screen, a response window is also opened with the
response from Driver488/W31'sHello command placed init. Thiswindow returns the response from
any input command used during the session.

Note: DO NOT close thisresponse window for the duration of your WINTEST session. Thereis
no mechanism in the application to re-open this window.

Opening a Device Handle for Communication
To perform any of the

commands under the menu = Driver488 Waorkshop EE
items. it isfirst necessary to Device Datalransfer Send Query Error Ewvents Bus Config
H ithi Device

open adevi Ce' Wlthln the ’V devHandle: | [HE3IEN | E EpenName I Close l [List) I ‘
WINTEST main window isa

. . " Function call:
menu item |ab?|ed DeV'Cev_ as result = Hello{-1{LPSTRbuffer)
shown in the figure. Thefield
labeled devHandle holds a (0] result = Hello[-1.(LPSTR)buffer] +

table of all of the devices that
were configured during the
driver configuration process.

Next to each device name, isa =§| __ Hello
. . Driverd88 "IN Revision 2.08 Jun 28 1994 +
number in brackets [ 1. This Copgright [C) 1992 10tech Inc. ¥

number corresponds to the
present value of the handle
associated with the device
name. A value of -1 means
that the device has not been
opened. Any positive value
means that the device is open and available.

Cut [5hift-Delete] Copy [Ctrl-Ingert] Paste [Shift-Insert]

Selecting a Device Handle

To open adevice, select the desired device, then click the OpenName button. All of the commands
under the menus will use the presently selected device handle shown in the devHand1le field. If the
selected deviceis not open, an error will be returned. To close the selected device, click the Close
button.

Handle Lists

Several of the Driver488/W31 commands operate on lists of handles (i.e. clearList). To Createa
list, select adevicein the devHandle field that you wish to place in the list, then click the List button.
Repeat this process for all of the devices that you want in the list.

Non-list commands will still use the handle of the device that is presently showing in the devHandle
field, but list-type commands will use the handles of all of the devices tagged as list handles. All of the
devices tagged as list items must be open to successfully complete alist command.
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WINTEST Session

Start wINTEST. Inthe
devHandle field isthe table
of preconfigured devices. If
no changes were made to the
factory default, the table
should include 1EEE and
wave. Thehandle IEEE is
alwaysin the device table for
interface-related commands.

As shown in the following
figure, select wave in the
devHandle field, then click
the OpenName button. The
number in brackets next to the
name wave changes from -1
to a positive number as the
command is executed and the

= Driver488 Workshop n -~
Device Datalransfer Send Query Error Ewvents Bus Config
Device
| devttandte: [Wave 11 | 2] [Fremhiame |
[ Function call:
devHandle = OpenMame["Wave"]
[0 ] result = Hello[-1.[LPSTHR]buffer] +
[D ) devHandle = OpenHame["Wave"]
=] Hello
Driver488/WIN Revision 2.08 Jun 28 1994 +
Copyright [C] 1992 I10tech Inc. *
+
Cut [Shift-Delete] Copy [Ctrl-Inzert] Paste [Shift-Inzert]

Opening a Device

deviceis opened. The complete function call appearsin the Function call field and the call also
appears in the executed command list.

In the executed command list, the number to the left in parenthesis, is the value returned by the function
call during execution. Generally, if the command completed successfully, the number is 0, and if the
command caused an error, the number is -1. For more information on the command return values,
refer to the “Section 111: Command References’ of this manual.

To clear the device named
wave, select Clear under the
Bus menu item. Then, create
anew device using the
MakeDevice command under
the Device menu item. A
dialog box will pop up that
shows the C structure for the
required user input. Inthis
case, the name of the new
deviceisrequired. Fill inthe
name and click OK. The
command and the returned
value will now beinthe
command list, as shown in the
figure. Y our new device now
appearsin the devHandle
field. Select BusAddress
under the Config menu item to

= Driver488 Workshop n -~
Device Datalransfer Send Query Error Ewvents Bus Config
Device
’V devHandle: |ADC 1 | E UpenNal ‘
[ Function call:
emorcode = BusAddress[1. 14, -1)
result = Hello[-1_[LPSTR]buffer) +

devHandle = OpenM ame["Wave"]
ADC = MakeDevice(D, "ADC")
enorcode = BusAddress(1, 14, -1]

o=00

(
(
(
(

Cut [5hift-Delete] Copy [Ctrl-Ingert] Paste [Shift-Insert]

Creating a New Device

set the address of your newly created device.

Asyou fill in the pop-up dialog boxes, WINTEST uses your input to adjust the parametersin the
function call. These completed syntactically-correct lines of C code can be selected, cut and pasted

into your C editor at any time.

[1-254
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To get data from your new

device, select Enter [ - |

Commands under the ( (K] gancel ]
- DevHandleT devHandle 1 /# Handle of IEEE488 interface or external device.
DataTransfer menu item. A
b <h . th LPSTRH data #f Pointer to data buffer.
Sub menu oWl ng e LOMG count ## Humber of characters to read or write.
controls for the Enter BOOL forceAddr /7 TRUE [non-0] to re-address the device.
commands will dISplay a TermT far®*  term - #7 Pointer to terminator structure.
dla'Og bOX, as Indl CaIed in BOOL async 2/ TRUE [non-D] for aspnchronous transfer.
the f| gure_ S| nce the Enter LPINT comp$5 tat /f Pointer to var to receive completion status.
1
command uses a subset of

the parameters of the
EnterX command, the
dialog box displays all of
the controls for the Enterx command, while disabling those not appropriate for the Enter command.

Displaying the Enter Commands

Click OK to get areading. A dialog box pops up showing the results. The Enter command returns
the number of bytes successfully transferred. Notice the byte count in parenthesis to the |eft of the
command in the command list.

For a complete explanation of the Driver488/W31 commands and their uses, refer to the “ Section I11:
Command References’ of this manual.

QUIKTEST

QUIKTEST isasimple application designed to exercise Driver488/W31, and the instruments connected
to the interface card. QUIKTEST isagood tool for verifying that your driver and interface card are
properly installed. QUIKTEST can also be used to experiment with your instruments to see how they
respond to different sequences of commands. Included on the disk, is an executable version of
QUIKTEST and the Visual Basic source code files, form files, and makefile.

Application Files

The executable version of QUIKTEST includes the following: The source code files, the form files, the
make file, and the Visual Basic (VB) run-time Dynamic Link Library (DLL), as shown in the table:

File Name Description

QUIKTEST.EXE The executable version of the application

QUIKTEST.MAK The VB makefile, used to build the executable

QUIKTEST.FRM A VB form file, which generates the main window of the application

DEVICE.FRM A VB form file, which generates the pop-up window used to create and
edit bus devices

GLOBAL.BAS A VB source code file containing global declarations and variables

IOTVB10.BAS A VB interface file included with Driver488/W31

MYCODE . BAS A VB source code file containing application-specific routines

VBRUN100 .DLL The VB run-time DLL supplied by Microsoft

Installation

To run the application, only the QUIKTEST . EXE and VBRUN100 . DLL filesare required. Copy the
VBRUN100.DLL file into your \wINDows directory. The QuIKTEST file can be copied anywhere or run
from the floppy. However, the application will generally respond quicker if it is executed from the
hard drive.
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Operation of the Application

Designed for simplicity, the
application has very few controls.
To begin communicating with
your instruments, you must first
create adevice. When creating a
device, you can either use a
device name that you have pre-
configured or anew name. Press
the Create button, as shown in the
figure, then fill in the parameters
in the pop-up Device Window.

After adevice has been created,
most of the main window controls
will be enabled. If your
instrument has data available,
pressing the Read button will

= QUIKTEST BE
Edit Readings Clear Instr Serial Poll
" Instruments Readings Control Results
+
ADC H;lﬁﬂlﬁ | Read I @& One shot
) Continuous
Delete I Stogp I

" Dutput D ata/Commands

[~ Data Destination

® Screen only

+

(0 Screen and file

Clear Readings

Creating a Device

collect the data and place it in the adjacent Results window. Commands can be sent to the selected
device at any time. Simply type in the command string into the Output Data/Commands field, then
click on the Send button, or hit <Enters.

When collecting data via the Read button, the data is placed at the destination selected in the Data
Destination field. If the destination isafile, it isusually a good ideato specify the entire path. The
examplein the following figure, shows the Data Destination for Screen and file as Test .dat. A more
complete destination for Screen and filewould be c: \Test.dat.

As additional devices are created,
they will be added to the
Instruments list. No two
instruments can be created using
the same name. Only one
instrument in the Instruments list
can be selected at any one time.
All of the controlsin the main
window pertain directly to the
selected instrument. For
example, after creating create two
devices, the last device created
will be selected. Now click on
the Serial Poll menuitem. The
response will immediately pop-up
on the screen. Now select the

= QUIKTEST BE
Edit Readings Clear Instr Serial Poll
[ Ingtruments Readings Control Results
-01.94133 b
ADC Create... I g gnel_shol .02 40433
ontinuous -02.82100
Eese— +00.46300
[Cetete | | | [Ste | -01.42300

[ Dutput D ata/Commands

[Tox

[~ Data Destination

@ Screen only

-02.82200

+

O Screen and file

Clear Readings

Collecting Data

other device and repeat the Serial Poll. The response of that device will now be on the screen.

Cutting & Pasting to Other Applications

The Resultsfield of the guIkTEST main window supports many of the features of a standard text
editor. The cursor can be placed anywhere in the text, text can be added or deleted, and text can be
selected, cut or copied. Under the Edit Readings menu item, isthe copy command for copying
selected text to the clipboard. Text sent the clipboard can subsequently be pasted into almost any

Windows application.

Dynamic Data Exchange (DDE)

The QuikTEST application has the ability to send collected instrument results directly to other
Windows applications via the Windows Dynamic Data Exchange (DDE) capabilities.

For example, to send collected datato a Microsoft Excel spreadsheet:
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1. Select Copy under the Edit Results menu item.
2. Start the Excel application, then select arange of cells within a column.

3. Within the Excel application, select Paste Link under the Edit menu item. The DDE “link” is now
complete.

4. Next, click on the QuIkTEST application window to bring it to the foreground.

5. Finaly, send the necessary commands to your instrument for it to supply readings continuoudly, by
selecting Continuous in the Readings Control field, and clicking on the Read button. Asthe
readings appear in the Results field of the QuikTEST window, they should also appear in the
selected cells of the Excel spreadshest.

For detailed information on performing Dynamic Data Exchange, refer to the topic “ Dynamic Data
Exchange (DDE)” found in the previous Sub-Chapter “Visual Basic” of this Chapter.

Loading the Project into Visual Basic

Licensing

To inspect the source code of this application or change its functionality, the Visual Basic development
package from Microsoft is required.

Start the Visual Basic application. Select Open Project under the File menu item. Select the makefile
QUIKTEST.MAK. All of the formsand source files will now be accessible for inspection and/or change.

The mgority of the source code pertains to the managing of the device table. Operating the action
buttonsistypically quite smple. However, it isimportant to understand how the application performs
the collection of data:

e The Read button merely sets aflag when it is clicked.
e A Timer control actually collects the readings.

o |f thereadings were actually collected by the clicking of the Read button, continuous data
collection would never service the mouse, since the act of collecting data would not allow any user
events to ever be serviced.

For more information on data collection, see the topic “Dynamic Data Exchange (DDE)” found in
the previous Sub-Chapter “Visual Basic” of this Chapter. Or more specifically, thisinformation is
found under the sub-topic “Acquisition Engine.”

Y ou may copy, change, and paste from these utility programs freely. Although owned by 10tech,
purchasers of Driver488/W31 are granted unlimited privileges for copying and/or altering WINTEST
and/or QuikTEST. All other parts of Driver488/W31, however, are licensed software and cannot be
copied or reproduced without the expressed written consent from 10tech, Inc.

10H.

Command Reference

For Driver488/SUB, W31, W95, & WNT

To obtain a detailed description of the command references for Driver488/SUB and Driver488/W31,
turn to Section |11 in this manual entitled “Command References.” The commands for Driver488/W95
and Driver488/WNT are provided as guides, pending current software revisions. Refer to your
operating system header file for the latest available information specific to your application. The
commands are presented in a phabetical order for ease of use.
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11.

Driver488/\W95

Note: Driver488/WIN95 and Driver488/NT from previous manuals, have been renamed
Driver488/W95 and Driver488/WNT, respectively.

Note: The differencesamong Driver488 for Windows 3.x, Windows 95 and Windows NT are
slight. However, because additional changes are being madeto Driver 488/\W95 and
Driver488/WNT at the time thismanual is being revised, refer to your operating system
header file (and README . TXT text file, if present) to obtain the current material on these

driver versions.

To obtain a detailed description of the command references for Driver488/SUB and Driver488/W31,
turn to Section |11 in this manual entitled “Command References.” The commands for Driver488/W95
and Driver488/WNT are provided as guides, pending current software revisions. Refer to your
operating system header file for the latest available information specific to your application. The
commands are presented in alphabetical order for ease of use.
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12. Driver488/\WNT

Note: Driver488/WIN95 and Driver488/NT from previous manuals, have been renamed
Driver488/W95 and Driver 488/WNT, respectively.

Note: The differences among Driver488 for Windows 3.x, Windows 95 and Windows NT are
slight. However, because additional changes are being madeto Driver 488/W95 and
Driver488/WNT at the time thismanual is being revised, refer to your operating system
header file (and README . TXT text file, if present) to obtain the current material on these
driver versions.

To obtain a detailed description of the command references for Driver488/SUB and Driver488/W31,
turn to Section |11 in this manual entitled “Command References.” The commands for Driver488/W95
and Driver488/WNT are provided as guides, pending current software revisions. Refer to your
operating system header file for the latest available information specific to your application. The
commands are presented in alphabetical order for ease of use.
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I1l. COMMAND REFERENCES

Chapters
R T @ V=] o VA 1<)V 2T TR 111-261
14. CommMand SUMMATNIES ... ..o 111-262
15. Command RETEIENCES .......cuoeeeeeeeeeeeee e 111-282

13. Overview

This Section on the Driver488 “ Command References’ contains the detailed descriptions of the
Application Program Interface (API) command references pertaining to Driver488/DRV,
Driver488/SUB, Driver488/W31, Driver488/W95, and Driver488/WNT. Although changes are
currently being made to Driver488/W95 and to Driver488/WNT, the commands which apply to these
drivers are close to those that apply to Driver488/W31. The Driver488/W31 command reference may
be used as a detailed reference for these other two drivers. But for accuracy, refer to your operating
system file header to obtain the actual syntax for your particular driver.
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COMMAND REFERENCES 15. Driver488/DRV

14. Command Summaries

Sub-Chapters

14A. Driver488/SUB, C LanQUAagESs .......ccceeeeveeveeeiiiiiiiiaaeeeeeaeeeen 111-262
14B. Driver488/SUB, QUICKBASIC.........ccccoiieieeieeiieieee e 111-266
14C. Driver488/SUB, Pascal .......ccccccoiiiiiiiiieee e 111-270
14D. Driver488/W31, C LaNQUAJES ....coeeieeeeeeeeeeeeeiiiiiiiiaeaeeeeaaaeenens 11-274
14E. Driver488/W31, Visual BaSIC...........cccceevvvvviviiiiciiee e 111-278

14A. Driver488/SUB, C Languages

Topics
o FUNCLION DESCIIPLIONS ....iiiieiieeeeeiee e e e 111-262
o The CoOmMMmMAaNdS .......coooiiiiiiii e 111-264
o SYNTaX Parameters........ccoooiiiiiiiiiii e 111-264
o Defined CONSTANTS.......ccoiiiiiii e 111-265
o Structure DefinNitioONS ......ccooiiiiiiiiiii e 111-265
Function Descriptions
Command Description
Abort (IntfHandle) Assert IFC
Arm (IntfHandle,Condition) Arm OnEvent for specified event(s)
AutoRemote (IntfHandle,Flag) Assert REN on Output
Buffered (IntfHandle) Return number of buffered bytes
BusAddress (Handle,Prim, Sec) Set | EEE address of interface or device
CheckListener (IntfHandle Prim, Check for device at specified bus address
Sec)
Clear (Handle) Issue Selected Device Clear (SDC) or Device
Clear (DCL)
ClearList (DevHandles) Clear devicesin list
Clock Frequency (IntfHandle, Freq) Specify clock interface frequency
Close (Handle) Close specified handle
ControlLine (IntfHandle) Get bus line status from | EEE 488 or serial bus
Disarm (IntfHandle, Condition) Disarm event handling for specified condition
DmaChannel (IntfHandle, DmaChan) Specify DMA channel
Enter (IntfHandle,Data) Read data from specified device
EnterMore (IntfHandle,Data) Read data from specified device without forcing
address
EnterN (IntfHandle,Data,Count) Read count bytes from specified device
EnterNMore (IntfHandle,Data,Count) Read count bytes without forcing address
EnterX (DevHandle, Data, Count, Read data adjusting all parameters
ForceAddr, Term, Async,
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CompStat)

Error (Handle, Display)

Control display of error messages

FindListeners (IntfHandle, Prim,
Listener, Limit)

Find devices configurable to listen at specific
address

Finish (IntfHandle)

Reassert ATN (see Resume)

GetError (Handle, ErrText)

Get error code and error text

GetErrorList (DevHandles, ErrText,
ErrHandle)

Find devicein error and identify

Hello (IntfHandle, Message)

V erify communication and get revision number

IntLevel (IntfHandle,IntLev)

Specify hardware interrupt level of 1/0 adapter

IOAddress (IntfHandle, IOAddr)

Specify 1/0 port base address of 1/O adapter

KeepDevice (DevHandle)

Make specified external device permanent

LightPen (IntfHandle, LightPen)

Enable or disable detection of interrupts vialight
pen status

Listen (IntfHandle, Prim, Sec)

Send Listen Address

Local (Handle)

Unassert REN (IntfHandle) or issue GTL
(DevHandl€e)

LocallList (DevHandles)

Issue GTL to devicesin list

Lol (IntfHandle)

Issue LLO bus command

MakeDevice (DevHandle, Name)

Create identical copy of existing device

MyListenAddr (IntfHandle)

Send My Listen Address

MyTalkAddr (IntfHandle)

Send My Talk Address

OnEvent
(IntfHandle,Handler, Argument)

Specify function to be called upon Armed event

OepnName (Name)

Open specified device and return device handle

Output (DevHandle,Data)

Send data to specified device

OutputN (DevHandle,Data,Count)

Send count bytes to specified device

OutputMore (DevHandle,Data)

Send count bytes to specified device without
forcing address

OutputNMore (DevHandle,Data,Count)

Send count bytes without forcing address

OutputX (DevHandle,Data,Count,
LastForceAddr, Term, Async, CompStat)

Send data to specified device adjusting all
parameters

PassControl (DevHandle)

Allow Interface to give control to another
controller on bus

PPoll (IntfHandle)

Perform |EEE 488 parallel poll operation

PPollConfig (DevHandle, PPresponse)

Configure Parallel Poll response of bus device

PPollDisable (DevHandle)

Disable Parallel Poll response of a bus driver

PPollDisablelList (DevHandles)

Disable Parallel Poll response of several bus

devices

PPollUnconfig (IntfHandle) Disable the Parallel Poll response of al bus
devices

Remote (Handle) Assert REN if IntfHandle, addressto Listen if
DevHandle

RemoteList (DevHandles)

Address specified external devicesto Listen

RemoveDevice (DevHandle)

Remove Driver488 device

Request (IntfHandle, SPstatus)

Request service from Active Controller by

asserting SRQ

Reset (IntfHandle) Provide warm start of interface, clear al error
conditions

Resume (IntfHandle,Monitor) Unassert ATN

SendCmd (IntfHandle,Bytes,Length)

Send command strings with ATN asserted

SendData (DevHandle,Bytes,Length)

Send command strings with ATN unasserted

SendEoi (IntfHandle,Bytes,Length)

Same as SendData with eoi on last byte

SPoll (DevHandle)

Serial Poll device

SPoll (IntfHandle)

Get SRQ state

SPolllList

Serial Poll devices until parameters are met
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(DevHandles, SPResult,UntilFlag)

Status (IntfHandle,StatusVal)

Return details of state of the driver

Stop (IntfHandle)

Halt any asynchronous transfer that may bein

progress
SysController (IntfHandle,SysCont) | Specify if interfaceisto be System Controller
Talk (IntfHandle,Prim,Sec) Send specified Talk Address

Term (Handle,TermP, TermType)

Set terminators for interface or device

TimeOut (Handle, Timeout)

Set time that must elapse before time out error
declared

Trigger (Handle)

Issue Group Execute Trigger

TriggerList (DevHandles)

Issue GET to devicesin list

UnListen (IntfHandle)

Send the Unlisten (UNL) command

UnTalk (IntfHandle)

Send the Untalk (UNT) command

Wait (IntfHandle)

Wait until asynchronous transfer has completed

The Commands

To obtain a more detailed description of the command references for Driver488/SUB, turn to Chapter
15 “Command References’ in this Section. The commands are presented in al phabetical order for ease

of use.

Syntax Parameters

The symbol * (asterisk) refersto a Pointer.

Name Type Description

Argument void far * 32-bit argument

Async bool Flag to indicate async transfer
Bytes unsigned char * Pointer to characters to transfer
CompStat int * Completion status from Driver
Condition ArmCondT Arm/Disarm bit mask

Count long Long count specifier

Data char far * Pointer to a character array
DevHandle DevHandleT External device handle
DevHandles DevHandleT * Pointer to array of handles
Display bool Error message display is ON or OFF
DmaChan int Hardware DMA channel
ErrHandle DevHandleT * Pointer to handle that caused error
ErrText char * Pointer to error text

Flag bool ON or OFF specifier

ForceAddr bool Force address flag

Freq int Clock frequency

Handle DevHandleT Either a DevHandle or an IntfHandle
Handler UserHandlerFP Pointer to OnEvent Handler
IntLev int Hardware Interrupt level
IntfHandle DevHandleT Interface handle

Last bool Terminator on last byte indicator
Length int Number of Bytes

LightPen bool Light Pen emulation is ON or OFF
Limit short Max number of listeners
Listener unsigned short * Pointer to listener list

Message char * Pointer to character array
Monitor bool Datamonitor ON or OFF

Name char * Pointer to name string
Ppresponse int Configuration byte
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Prim char |EEE 488 primary address

SPResult unsigned char * AnayofSPOLLrest

Sec char |EEE 488 secondary address

SPstatus int Service request status

StatusVal IeeeStatusT * Pointer to status structure

SysCont bool System Controller flag for |EEE 488 interface
TermP TermT * Pointer to terminator structure

TermType int Terminator type: TERMIN or TERMOUT
Timeout long Timeout value in milliseconds

UntilFlag char SpollList operating mode

Defined Constants

Structure Definitions

Bus Command Constants Miscellaneous Constants
bcUNT 1 IN 1
bcUNL 2 OoUT 2
bcMTA 3 ON 1
bcMLA 4 OFF 0
bcTALK 5 ALL -1
bcLISTEN 6 SAME 2
WHILE SRQ 2
UNTIL RSV 3
TRUE 1
FALSE 0
MAXHANDLES 50
NOIEEEADRESS -1
NODEVICE -1
NONODE NULL
TERMIN 1
TERMOUT 2

typedef struct {
bool SC;
bool CA;
uchar Primaddr;
uchar Secaddr;
bool SRQ;
bool addrChange;
bool talker;
bool listener;
bool triggered;
bool cleared;
bool transfer;
bool byteln;
bool byteOut;

} IeeeStatusT;

typedef struct {

bool EOI;

int Char; bool

EightBits;

int termChar[2];
} TermT;
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14B. Driver488/SUB, QuickBASIC

Topics
o FUNCLION DESCIIPLIONS .....oiiiiiieieeece e e e 111-266
o The COmMMANAS .......uiiiiiiiii e e eees 111-268
o SYNTaX Parameters.........coooiiiiiiiiiiieie e 111-268
o Defined COoNSTANTS.......cccvviiiiiiiiie e 111-269
o Structure DefiNItiONS .......coooovviiiiii e 111-269
Function Descriptions
Command Description
ioAbort% (IntfHandle%) Assert IFC

ioAddress% (IntfHandle%, IOAddr%)

Specify 1/0 port base address of /0 adapter

ioArm% (IntfHandle%,Condition%)

Arm OnEvent for specified event(s)

ioAutoRemote% (IntfHandle%,Flag%)

Assert REN on Output

ioBuffered& (IntfHandle%)

Return number of buffered bytes

ioBusAddress% (Handle%,Prim%, Sec%)

Set |EEE address of interface or device

ioCheckListener%
(IntfHandle%,Prim%, Sec%)

Check for device at specified bus address

ioClear% (Handle%)

Issue Selected Device Clear (SDC) or Device
Clear (DCL)

ioClearList% (IntHandles$%)

Clear devicesin list

ioClockFrequency% (IntfHandle%,
Freg%)

Specify clock interface frequency

ioClose% (Handle%)

Close specified handle

ioControlLine% (IntfHandle$%)

Get bus line status from |EEE 488 or serial bus

ioDisarm% (IntfHandle%,Condition%)

Disarm event handling for specified condition

ioDmaChannel$%
(IntfHandle%, DmaChan%)

Specify DMA channel

ioEnter% (IntfHandle%,Data$)

Read data from specified device

ioEnterMore& (IntfHandle%,Data$)

Read data from specified device without forcing
address

ioEnterN& Read count bytes from specified device
(IntfHandle%,Data$, Count&)
ioEnterNMores Read count bytes without forcing address

(IntfHandle%,Data$, Count&)

ioEnterX& (DevHandle%,Data$,Counté&,
ForceAddr%, Term, Async%, CompStat$%)

Read data adjusting all parameters

ioError% (Handle%,Display%)

Control display of error messages

ioFindListeners% (IntfHandle%,
Prim%, Listener%,Limit%)

Find devices configurable to listen at specific
address

ioFinish% (IntfHandle%)

Reassert ATN (see Resume)

ioGetError (Handle%,ErrText$)

Get error code and error text

ioGetErrorList$%
(DevHandles% () ,ErrText$, ErrHandle%)

Find device in error and identify

ioHello% (IntfHandle%,Message$)

Verify communication and get revision number

ioIntLevel% (IntfHandle%,IntLev%)

Specify hardware interrupt level of 1/0 adapter

ioKeepDevice% (DevHandle%)

Make specified external device permanent

ioLightPen%
(IntfHandle%, LightPen%)

Enable or disable detection of interrupts vialight
pen status

ioListen% (IntfHandle%,Prim%,Sec%)

Send Listen Address
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ioLocal% (DevHandle%)

Unassert REN (IntfHandl€) or issue GTL
(DevHandl€)

ioLocalList% (DevHandles%)

Issue GTL to devicesin list

ioLol% (IntfHandle%)

Issue LLO bus command

ioMakeDevice% (DevHandle%,Name$)

Create identical copy of existing device

ioMyListenAddr% (IntfHandle%)

Send My Listen Address

ioMyTalkAddr% (IntfHandle%)

Send My Talk Address

ioOpenName$% (Name$)

Open specified device and return device handle

ioOutput (DevHandle%,Data$)

Send data to specified device

ioOutputN
(DevHandle%,Data$, Count&)

Send count bytesto specified device

ioOutputMore (DevHandle%,Data$)

Send count bytes to specified device without
forcing address

(DevHandle%,Data$, Count&,
Last%, ForceAddr%, Term, Async%,
CompStat%)

ioOutputNMore Send count bytes without forcing address
(DevHandle%,Data$, Count&)
ioOutputX Send data to specified device adjusting all

parameters

ioPassControl (DevHandle%)

Allow Interface to give control to another
controller on bus

ioPPoll% (IntfHandle%)

Perform |EEE 488 parallel poll operation

ioPPollConfig%
(DevHandle%, Ppresponse%)

Configure Parallel Poll response of bus device

ioPPollDisable% (DevHandle%)

Disable Parallel Poll response of a bus driver

ioPPollDisableList% (DevHandles%)

Disable Parallel Poll response of several bus

devices

ioPPollUnconfig% (IntfHandle%) Disable the Parallel Poll response of all bus
devices

ioRemote% (DevHandle%) Assert REN if IntfHandle, addressto Listen if
DevHandle

ioRemoteList% (DevHandle%)

Address specified external devicesto Listen

ioRemoveDevice% (DevHandle%)

Remove Driver488 device

ioRequest% (IntfHandle$%,

Request service from Active Controller by

Spstatus%) asserting SRQ
ioReset% (IntfHandle%) Provide warm start of interface, clear al error
conditions
ioResume% (UntfHandle%,Monitor%) Unassert ATN

ioSendCmd%
(IntfHandle%, Bytes$, Length%)

Send command strings with ATN asserted

ioSendData%
(DevHandle%,Bytes$, Length%)

Send command strings with ATN unasserted

ioSendEoi%
(IntfHandle%, Bytes$, Length%)

Same as SendData with EOI on last byte

ioSPoll% (DevHandle%)

Seria Poll device

ioSPoll% (IntfHandle%)

Get SRQ state

ioSPollList% (DevHandles%(),
SPResult% () ,UntilFlag$%)

Serial Poll devices until parameters are met

ioStatus% (IntfHandle%, StatusVal)

Return details of state of the driver

ioStop% (IntfHandle%)

Halt any asynchronous transfer that may bein
progress

ioSysController%
(IntfHandle%, SysCont%)

Specify if interface is to be System Controller

ioTalk% (IntfHandle,Prim%, Sec%)

Send specified Talk Address

ioTerm% (Handle%, TermP, TermType%)

Set terminators for interface or device

ioTimeOut% (Handle%,Timeouté&)

Set time that must elapse before time out error
declared

ioTrigger% (Handle%)

I ssue Group Execute Trigger
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ioTriggerList% (DevHandles%())

Issue GET to devicesin list

ioUnListen% (IntfHandle%)

Send the Unlisten (UNL) command

ioUnTalk% (IntfHandle%)

Send the Untalk (UNT) command

ioWait% (IntfHandle%)

Wait until asynchronous transfer has completed

The Commands

To obtain a more detailed description of the command references for Driver488/SUB, turn to Chapter
15 “Command References’ in this Section. The commands are presented in al phabetical order for ease

of use.

Syntax Parameters

Name Type Description

Async% integer Flag to indicate async transfer

Bytess$ string String containing characters to transfer
CompStat% integer Completion status from Driver
Condition% integer Arm/Disarm bit mask

Count& long Long count specifier

Data$ string Buffer used to send or receive data
DevHandle% integer External device handle

DevHandles% () integer array Array of handles

Display% integer Error message display is ON or OFF
DmaChan% integer Hardware DMA channel
ErrHandle% integer Handle that caused error

ErrTexts$ string Buffer containing error text

Flag% integer ON or OFF specifier

ForceAddr% integer Force address flag

Freg% integer Clock frequency

Handle% integer Either a DevHandle or an IntfHandle
IntLev$ integer Hardware Interrupt level
IntfHandle% integer Interface handle

IOAddr% integer 1/0O base address

Last% integer Terminator on last byte indicator
Length% integer Number of Bytes

LightPen% integer Light Pen emulation is ON or OFF
Limit% integer Max number of listeners

Listener% () integer array

Array of FindListener results

Message$ string Buffer used to receive data

Monitor% integer Data monitor ON or OFF

Name$ string Name of external device or DOS device
Ppresponse% integer Configuration byte

Prim% integer IEEE 488 primary address

SPResult% () integer array Array of SPOLL results

Sec% integer IEEE 488 primary address

Spstatus% integer Service request status

StatusVal IeeeStatus Status structure

SysCont$% integer System Controller flag for |EEE 488 interface
TermP terms Terms TYPE

TermType% integer Terminator type: TERMIN or TERMOUT
Timeout& integer Timeout value in milliseconds
UntilFlag% integer SpollList operating mode
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Defined Constants

Arm/Disar m Bit M ask

ControlLine Bit Mask for Serial Bus

Structure Definitions

acError & HS800 clDSR &H20
acSRQ &H400 clRI &H10
acPeripheral &H200 clDCD &HO08
acController &H100 clCTs &HO4
acTrigger &HO080 clDTR &HO02
acClear & H040 clRTS &HO1
acTalk & HO020
acListen &H010 Bus Commands
acIdle & HO008 bcUNT 1
acByteln & HO004 bcUNL 2
acByteOut & HO002 bcMTA 3
acChange & HO001 bcMLA 4
bcTALK 5
bcLISTEN 6
Completion Status Bit Mask
ccCount &HO001 Miscellaneous
ccBuffer & HO002 IN 1
ccTerm &HO004 ouT 2
ccEnd & HO008 ON 1
ccChange &HO0010 OFF 0
ccStop &HO0020 ALL -1
ccDone &H4000 SAME -2
ccError &HS8000 WHILE SRQ -2
UNTIL RSV -3
TRUE 1
ControlLine Bit Mask for | EEE 488 Bus FALSE 0
clEOI &HS80 MAXHANDLES 50
clSRQ &H40 NOIEEEADRESS -1
c1lNRFD &H20 NODEVICE -1
clDAC &H10 NONODE NULL
clDAV &HO8 TERMIN 1
clATN &HO4 TERMOUT 2
TYPE IeeeStatus TYPE terms
sc AS integer EOI; AS integer
CA AS integer Char; AS integer
Primaddr AS integer EightBits; AS integer
Secaddr AS integer terml AS integer
SRQ AS integer term2 AS integer
addrChange AS integer END TYPE
talker AS integer
listener AS integer
triggered AS integer
cleared AS integer
transfer AS integer
byteln AS integer
byteOut AS integer
END TYPE
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14C.

Driver488/SUB, Pascal

Function Descriptions

Topics

o FUNCLION DESCHIPTIONS ... 111-270
o The ComMmMaNAS .......oiiiiiiii e 11-272
o SYyNtaX Parameters........ccooo i 111-272
o Defined CoNStaNTS.......ccccuuiiiiiiiiii e 11-272
o Structure DefiNItiONS ........ooooviiiiiii e 111-273

Command Description

ioAbort (IntfHandle) Assert |[FC

ioAddress (IntfHandle, IOAddr)

Specify 1/0 port base address of 1/O adapter

ioArm (IntfHandle,Condition)

Arm OnEvent for specified event(s)

ioAutoRemote (IntfHandle,Flag)

Assert REN on Output

ioBuffered (IntfHandle)

Return number of buffered bytes

ioBusAddress (Handle,Prim, Sec)

Set | EEE address of interface or device

ioCheckListener (IntfHandle Prim,
Sec)

Check for device at specified bus address

ioClockFrequency (IntfHandle,
Freq)

Specify clock interface frequency

ioClose (Handle)

Close specified handle

ioControlLine (IntfHandle)

Get bus line status from |EEE 488 or serial bus

ioDisarm (IntfHandle, Condition)

Disarm event handling for specified condition

ioDmaChannel (IntfHandle, DmaChan)

Specify DMA channel

ioEnter (IntfHandle,Data)

Read data from specified device

ioEnterMore (IntfHandle,Data)

Read data from specified device without forcing
address

ioEnterN (IntfHandle,Data,Count)

Read count bytes from specified device

ioEnterNMore
(IntfHandle,Data, Count)

Read count bytes without forcing address

ioEnterX (DevHandle, Data, Count,
ForceAddr, Term, Async,
CompStat)

Read data adjusting all parameters

ioError (Handle, Display)

Control display of error messages

ioFindListeners (IntfHandle, Prim,
Listener, Limit)

Find devices configurable to listen at specific
address

ioFinish (IntfHandle)

Reassert ATN (see Resume)

ioGetError (Handle, ErrText)

Get error code and error text

ioGetErrorList (DevHandles,
ErrText, ErrHandle)

Find device in error and identify

ioHello (IntfHandle, Message)

Verify communication and get revision number

ioIntLevel (IntfHandle,IOAddr)

Specify hardware interrupt level of 1/0 adapter

ioKeepDevice (DevHandle)

Make specified external device permanent

ioLightPen (IntfHandle, LightPen)

Enable or disable detection of interrupts vialight
pen status

ioListen (IntfHandle, Prim, Sec)

Send Listen Address

ioLocal (Handle)

Unassert REN (IntfHandl€) or issue GTL
(DevHandle)

ioLocalList (DevHandles)

Issue GTL to devicesin list

ioLol (IntfHandle)

Issue LLO bus command
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ioMakeDevice (DevHandle, Name) Create identical copy of existing device
ioMyListenAddr (IntfHandle) Send My Listen Address
ioMyTalkAddr (IntfHandle) Send My Talk Address
ioOnEvent Specify function to be called upon Armed event
(IntfHandle,Handler, Argument)
ioOpenName (Name) Open specified device and return device handle
ioOutput (DevHandle,Data) Send data to specified device
ioOutputN (DevHandle,Data,Count) Send count bytesto specified device
ioOutputMore (DevHandle,Data) Send count bytes to specified device without
forcing address
ioOutputNMore Send count bytes without forcing address
(DevHandle,Data, Count)
ioOutputX (DevHandle,Data,Count, Send data to specified device adjusting all
Last ForceAddr, Term, Async, parameters
CompStat)
ioPassControl (DevHandle) Allow Interface to give control to another
controller on bus
ioPPoll (IntfHandle) Perform | EEE 488 parallel poll operation
ioPPollConfig Configure Parallel Poll response of bus device
(DevHandle, PPresponse)
ioPPollDisable (DevHandle) Disable Parallel Poll response of a bus driver
ioPPollDisableList (DevHandles) Disable Parallel Poll response of several bus
devices
ioPPollUnconfig (IntfHandle) Disable the Parallel Poll response of al bus
devices
ioRemote (Handle) Assert REN if IntfHandle, addressto Listen if
DevHandle
ioRemoteList (DevHandle) Address specified external devicesto Listen
ioRemoveDevice (DevHandle) Remove Driver488 device
ioRequest (IntfHandle, SPstatus) Request service from Active Controller by
asserting SRQ
ioReset (IntfHandle) Provide warm start of interface, clear all error
conditions
ioResume (UntfHandle,Monitor) Unassert ATN
ioSendCmd Send command strings with ATN asserted
(IntfHandle, Bytes, Length)
ioSendData Send command strings with ATN unasserted
(DevHandle, Bytes, Length)
ioSendEoi Same as SendData with eoi on last byte
(IntfHandle,Bytes, Length)
ioSPoll (DevHandle) Seria Poll device
ioSPoll (IntfHandle) Get SRQ state
ioSPollList Serial Poll devices until parameters are met
(DevHandles, SPResult,UntilFlag)
ioStatus (IntfHandle,StatusVal) Return details of state of the driver
ioStop (IntfHandle) Halt any asynchronous transfer that may bein
progress
ioSysController Specify if interface isto be System Controller
(IntfHandle, SysCont)
ioTalk (IntfHandle,Pri,Sec) Send specified Talk Address
ioTerm (Handle,TermP,TermType) Set terminators for interface or device
ioTimeOut (Handle,TermP,TermType) Set time that must elapse before time out error
declared
ioTrigger (Handle) Issue Group Execute Trigger
ioTriggerList (DevHandles) Issue GET to devicesin list
ioUnListen (IntfHandle) Send the Unlisten (UNL) command
ioUnTalk (IntfHandle) Send the Untalk (UNT) command
ioWait (IntfHandle) Wait until asynchronous transfer has completed
[1-272 Personal488 User’s Manual, Rev. 3.0

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



I1l. COMMAND REFERENCES - 14. Command Summaries

14C. Driver488/SUB, Pascal

The Commands

To obtain a more detailed description of the command references for Driver488/SUB, turn to Chapter
15 “Command References’ in this Section. The commands are presented in al phabetical order for ease

of use.

Syntax Parameters

Name Type Description

Argument var (untyped) 32 hit argument

Async boolean Flag to indicate async transfer
Buffstring string Buffer containing charactersto transfer
Bytes var (untyped) Pointer to charactersto transfer
CompStat var (untyped) Completion status from Driver
Condition integer Arm/Disarm bit mask

Count longint Long count specifier

Data var (untyped) Pointer to a character array
DataString var string

DevHandle integer External device handle
DevHandles DevPtr Pointer to array of handles
Display boolean Error message display is ON or OFF
DmaChan integer Hardware DMA channel
ErrHandle var integer Pointer to handle that caused error
ErrText var string Pointer to error text

Flag boolean ON or OFF specifier

ForceAddr boolean Force address flag

Freq integer Clock frequency

Handle integer Either a DevHandle or an IntfHandle
Handler HandlerProcPtr Pointer to OnEvent Handler

IntLev integer Hardware Interrupt level
IntfHandle integer Interface handle

IOAddr integer

Last boolean Terminator on last byte indicator
Length integer Number of Bytes

LightPen boolean Light Pen emulation is ON or OFF
Limit integer Max number of listeners

Listener var (untyped) Pointer to listener list

Message var string Pointer to character array

Monitor boolean Data monitor ON or OFF

Name string Pointer to name string

Ppresponse integer Configuration byte

Prim integer IEEE 488 primary address
SPResult var (untyped) Array of SPOLL results

Sec integer IEEE 488 primary address
SPstatus integer Service request status

StatusVal var (untyped) Pointer to status structure

SysCont boolean System Controller flag for IEEE 488 interface
Term var (untyped) Terminator structure

TermType integer Terminator type: TERMIN or TERMOUT
Timeout longint Timeout value in milliseconds
UntilFlag integer SpollList operating mode
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Defined Constants

Arm/Disar m Bit M ask

ControlLine Bit Mask for Serial Bus

Structure Definitions

acError $800 clDSR $20
acSRQ $400 clRI $10
acPeripheral $200 clDCD $08
acController $100 clCTs $04
acTrigger $080 clDTR $02
acClear $040 clRTS $01
acTalk $020
acListen $010 Bus Commands
acIdle $008 bcUNT 1
acByteIn $004 bcUNL 2
acByteOut $002 bcMTA 3
acChange $001 bcMLA 4
bcTALK 5
bcLISTEN 6
Completion Status Bit Mask
ccCount $0001 Miscellaneous Commands
ccBuffer $0002 IN 1
ccTerm $0004 ouT 2
ccEnd $0008 ON 1
ccChange $0010 OFF 0
ccStop $0020 ALL -1
ccDone $4000 SAME )
ccError $8000 WHILE SRQ )
UNTIL RSV -3
TRUE 1
ControlLine Bit Mask for |EEE 488 Bus FALSE 0
clEOI $30 MAXHANDLES 50
clSRQ $40 NOIEEEADRESS -1
c1NRFD $20 NODEVICE -1
clDAC $10 NONODE NULL
clDAV $08 TERMIN 1
CclATN $04 TERMOUT 2
type type
IeeeStatusRec = record termrec = packed record
sc :boolean; EOI :boolean;
ca :boolean; nChar :integer;
Primaddr :integer; EightBits :boolean;
Secaddr :integer; termChar :termsvals;
SRQ :boolean; end;
addrChange :boolean;
talker :boolean;
listener :boolean;
triggered :boolean;
cleared :boolean;
transfer :boolean;
byteln :boolean;
byteOut :boolean;
end;
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Topics
o FUNCLION DESCHIPTIONS ... 11-274
o The ComMmMaNAS .......oiiiiiiii e 11-276
o SYyNtax ParametersS. ... ... 11-276
o Defined CoNStaNTS.......ccccuuiiiiiiiiii e 111-276
o Structure DefiNItiONS ........ooooviiiiiii e 1i-277
Function Descriptions
Command Description
Abort (IntfHandle) Assert IFC

Arm (IntfHandle,Condition)

Arm OnEvent for specified event(s)

AutoRemote (IntfHandle,Flag)

Assert REN on Output

Buffered (IntfHandle)

Return number of buffered bytes

BusAddress (Handle,Prim, Sec)

Set | EEE address of interface or device

CheckListener (IntfHandle Prim,
Sec)

Check for device at specified bus address

Clear (Handle)

Issue Selected Device Clear (SDC) or Device
Clear (DCL)

ClearList (DevHandles)

Clear devicesin list

Clock Frequency (IntfHandle, Freq) Specify clock interface frequency

Close (Handle) Close specified handle

ControlLine (IntfHandle) Get bus line status from |EEE 488 or serial bus
Disarm (IntfHandle, Condition) Disarm event handling for specified condition
DmaChannel (IntfHandle, DmaChan) Specify DMA channel

Enter (IntfHandle,Data)

Read data from specified device

EnterMore (IntfHandle,Data)

Read data from specified device without forcing
address

EnterN (IntfHandle,Data,Count)

Read count bytes from specified device

EnterNMore (IntfHandle,Data,Count)

Read count bytes without forcing address

EnterX (DevHandle, Data, Count, Read dataajjusting a||parameters
ForceAddr, Term, Async,
CompStat)

Error (Handle, Display) Control display of error messages

FindListeners (IntfHandle, Prim, Find devices configurable to listen at specific
Listener, Limit) address

Finish (IntfHandle) Reassert ATN (see Resume)

GetError (Handle, ErrText) Get error code and error text

GetErrorList (DevHandles, ErrText, Find devicein error and identify

ErrHandle)

Hello (IntfHandle, Message)

Verify communication and get revision number

IntLevel (IntfHandle,IntLev)

Specify hardware interrupt level of 1/0 adapter

IOAddress (IntfHandle, IOAddr)

Specify 1/0 port base address of /0 adapter

KeepDevice (DevHandle)

Make specified external device permanent

LightPen (IntfHandle, LightPen) Enable or disable detection of interrupts vialight
pen status
Listen (IntfHandle, Prim, Sec) Send Listen Address

Local (Handle)

Unassert REN (IntfHandl€) or issue GTL
(DevHandl€)
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LocalList (DevHandles)

Issue GTL to devicesin list

Lol (IntfHandle)

Issue LLO bus command

MakeDevice (DevHandle, Name)

Create identical copy of existing device

MyListenAddr (IntfHandle)

Send My Listen Address

MyTalkAddr (IntfHandle)

Send My Talk Address

OnEvent
(IntfHandle,Handler, Argument)

Specify function to be called upon Armed event

OpenName (Name)

Open specified device and return device handle

Output (DevHandle,Data)

Send data to specified device

OutputN (DevHandle,Data, Count)

Send count bytesto specified device

OutputMore (DevHandle,Data)

Send count bytesto specified device without
forcing address

OutputNMore (DevHandle,Data,Count)

Send count bytes without forcing address

OutputX (DevHandle,Data,Count,
LastForceAddr, Term, Async,
CompStat)

Send data to specified device adjusting all
parameters

PassControl (DevHandle)

Allow Interface to give control to another
controller on bus

PPoll (IntfHandle)

Perform |EEE 488 parallel poll operation

PPollConfig (DevHandle, PPresponse)

Configure Parallel Poll response of bus device

PPollDisable (DevHandle)

Disable Parallel Poll response of a bus driver

PPollDisableList (DevHandles)

Disable Parallel Poll response of several bus

devices

PPollUnconfig (IntfHandle) Disable the Parallel Poll response of all bus
devices

Remote (Handle) Assert REN if IntfHandle, addressto Listen if
DevHandle

RemoteList (DevHandles)

Address specified external devicesto Listen

RemoveDevice (DevHandle)

Remove Driver488 device

Request (IntfHandle, SPstatus)

Request service from Active Controller by

asserting SRQ

Reset (IntfHandle) Provide warm start of interface, clear al error
conditions

Resume (IntfHandle,Monitor) Unassert ATN

SendCmd (IntfHandle,Bytes,Length)

Send command strings with ATN asserted

SendData (DevHandle,Bytes,Length)

Send command strings with ATN unasserted

SendEoi (IntfHandle,Bytes,Length)

Same as SendData with EQI on last byte

SPoll (DevHandle)

Seria Poll device

SPoll (IntfHandle)

Get SRQ state

SPollList
(DevHandles, SPResult,UntilFlag)

Serial Poll devices until parameters are met

Status (IntfHandle,StatusVal)

Return details of state of the driver

Stop (IntfHandle)

Halt any asynchronous transfer that may bein
progress

SysController (IntfHandle,SysCont)

Specify if interface is to be System Controller

Talk (IntfHandle,Prim, Sec)

Send specified Talk Address

Term (Handle, TermP, TermType)

Set terminators for interface or device

TimeOut (Handle, Timeout)

Set time that must elapse before time out error
declared

Trigger (Handle)

Issue Group Execute Trigger

TriggerList (DevHandles)

Issue GET to devicesin list

UnListen (IntfHandle)

Send the Unlisten (UNL) command

UnTalk (IntfHandle)

Send the Untalk (UNT) command

Wait (IntfHandle)

Wait until asynchronous transfer has completed
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The Commands

To obtain a more detailed description of the command references for Driver488/W31, turn to Chapter
15 “Command References’ in this Section. The commands are presented in al phabetical order for ease

of use.

Syntax Parameters

The symbol * (asterisk) refersto a Pointer.

Name Type Description

Argument void far * 32 bit argument

Async bool Flag to indicate async transfer
Bytes unsigned char * Pointer to charactersto transfer
CompStat int * Completion status from Driver
Condition ArmCondT Arm/Disarm bit mask

Count long Long count specifier

Data char far * Pointer to a character array
DevHandle DevHandleT Externa device handle
DevHandles DevHandleT * Pointer to array of handles
Display bool Error message display is ON or OFF
DmaChan int Hardware DMA channel
ErrHandle DevHandleT * Pointer to handle that caused error
ErrText char * Pointer to error text

Flag bool ON or OFF specifier

ForceAddr bool Force address flag

Freq int Clock frequency

Handle DevHandleT Either aDevHandle or an IntfHandle
Handler UserHandlerFP Pointer to OnEvent Handler

IntLev int Hardware Interrupt level
IntfHandle DevHandleT Interface handle

Last bool Terminator on last byte indicator
Length int Number of Bytes

LightPen bool Light Pen emulation is ON or OFF
Limit short Max number of listeners

Listener unsigned short * Pointer to listener list

Message char * Pointer to character array

Monitor bool Data monitor ON or OFF

Name char * Pointer to name string

Ppresponse int Configuration byte

Prim char |EEE 488 primary address
SPResult unsigned char * Array of SPOLL results

Sec char |EEE 488 secondary address
SPstatus int Service request status

StatusVal IeeeStatusT * Pointer to status structure

SysCont bool System Controller flag for |EEE 488 interface
TermP TermT * Pointer to terminator structure
TermType int Terminator type: TERMIN or TERMOUT
Timeout long Timeout value in milliseconds
UntilFlag char SpollList operating mode
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Defined Constants

Bus Command Constants M iscellaneous Constants:
bcUNT 1 IN 1
bcUNL 2 OoUT 2
bcMTA 3 ON 1
bcMLA 4 OFF 0
bcTALK 5 ALL -1
bcLISTEN 6 SAME 2
WHILE SRQ 2
UNTIL RSV 3
TRUE 1
FALSE 0
MAXHANDLES 50
NOIEEEADRESS -1
NODEVICE -1
NONODE NULL
TERMIN 1
TERMOUT 2

Structure Definitions

bool
bool

bool
bool
bool
bool
bool
bool
bool
bool
bool

uchar
uchar

typedef struct {

SC;

Ca;
Primaddr;
Secaddr;
SRQ;
addrChange;
talker;
listener;
triggered;
cleared;
transfer;
byteln;
byteOut;

} IeeeStatusT;

typedef struct {
bool EOI;

int Char; bool

EightBits;

int termChar[2];
} TermT;
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Topics
o FUNCLION DESCIIPLIONS .....oiiiiiieieeece e e e 111-278
o The ComMmMANAS ......cccoooiiiiiii e 111-280
o SYNTaX Parameters.........coooiiiiiiiiiiieie e 111-280
o Defined CoNStants..........ccccooiiiiiiiiiiiiie 111-281
e Structure DefinitioNS ...........cccciiiiiiiiii 111-281
Function Descriptions
Command Description
Abort (IntfHandle) Assert IFC
Arm (IntfHandle,Condition) Arm OnEvent for specified event(s)
AutoRemote (IntfHandle,Flag) Assert REN on Output
Buffered (IntfHandle) Return number of buffered bytes
BusAddress (Handle,Prim, Sec) Set | EEE 488 address of interface or device
CheckListener (IntfHandle Prim, Check for device at specified bus address
Sec)
Clear (Handle) See ioClear
ClearList (ListFirstElement (0)) Clear devicesin list
Clock Frequency (IntfHandle, Freq) Specify clock interface frequency
Close (Handle) See ioClose
ControlLine (IntfHandle) Get bus line status from | EEE 488 or serial bus
Disarm (IntfHandle, Condition) Disarm event handling for specified condition
DmaChannel (IntfHandle, DmaChan) Specify DMA channel
Enter (IntfHandle,Data) See ioEnter
EnterI (IntfHandle,Data) Read binary data from specified device
EnterMore (IntfHandle,Data) Read data from specified device without forcing
address
EnterN (IntfHandle,Data,Count) Read count bytes from specified device
EnterNI (IntfHandle,Data,Count) Read count bytes from specified device (binary)
EnterNMore (IntfHandle,Data,Count) Read count bytes without forcing address
EnterNMorel Read count bytes without forcing address (binary)
(IntfHandle,Data, Count)
EnterXI (DevHandle, Data, Count, Read hi nary data ad] usti ng al parameters
ForceAddr, Term, Async,
CompStat)
Error (Handle, Display) See ioError
FindListeners (IntfHandle, Prim, Find devices configurable to listen at specific
ListFirstElement (0), Limit) address
Finish (IntfHandle) Reassert ATN (see Resume)
GetError (Handle, ByValErrText) Get error code and error text
GetErrorList (ListFirstElement(0), Find device in error and identify
ByValErrText, ErrHandle)
Hello (IntfHandle, ByValMessage) Verify communication and get revision number
IntLevel (IntfHandle,IntLev) Specify hardware interrupt level of 1/0 adapter
IOAddress (IntfHandle, IOAddr) Specify 1/0 port base address of 1/0 adapter
ioClear (Handle) Issue Selected Device Clear (SDC) or Device
Clear (DCL)
ioClose (Handle) Close specified handle
Personal488 User’s Manual, Rev. 3.0 111-279

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



14E. Driver 488/W31, Visual Basic

I1l. COMMAND REFERENCES - 14. Command Summaries

ioEnter ()

Read data from specified device

ioError (Handle, Display)

Control display of error messages

ioLocal (Handle)

Unassert REN (IntfHandle) or issue GTL
(DevHandl€)

ioOutput (DevHandle, Data)

Send data to specified device

ioReset (IntfHandle)

Provide warm start of interface, clear all error

conditions

ioResume (IntfHandle, Monitor) Unassert ATN

ioStop (IntfHandle) Halt any asynchronous transfer that may bein
progress

ioWait (IntfHandle)

Wait until asynchronous transfer has compl eted

KeepDevice (DevHandle)

M ake specified external device permanent

Listen (IntfHandle, Prim, Sec)

Send Listen Address

Local (Handle)

SeeiolLocal

LocalList (ListFirstElement)

Issue GTL to devicesin list

Lol (IntfHandle)

Issue LLO bus command

MakeDevice (DevHandle, ByValName)

Create identical copy of existing device

MyListenAddr (IntfHandle)

Send My Listen Address

MyTalkAddr (IntfHandle) Send My Talk Address
OpenName (ByValName) Open specified device and return device handle
Output (DevHandle,Data) See ioOutput

OutputI (DevHandle,Data)

Send binary data to the specified device

OutputN (DevHandle,Data,Count)

Send count bytesto specified device

OutputNI (DevHandle,Data,Count)

Send count bytes to specified device (Binary)

OutputMore (DevHandle,Data)

Send count bytes to specified device without
forcing address

OutputNMore (DevHandle,Data,Count)

Send count bytes without forcing address

OutputNMorelI
(DevHandle,Data, Count)

Send count bytes without forcing address
(Binary)

OutputX (DevHandle,Data,Count,
LastForceAddr, Term, Async,
CompStat)

Send data to specified device adjusting all
parameters

OutputXI (DevHandle,Data,Count,
LastForceAddr, Term, Async,
CompStat)

Send binary data to specified device adjusting all
parameters

PassControl (DevHandle)

Allow Interface to give control to another
controller on bus

PPoll (IntfHandle)

Perform |EEE 488 parallel poll operation

PPollConfig (DevHandle,PPresponse)

Configure Parallel Poll response of bus device

PPollDisable (DevHandle)

Disable Parallel Poll response of a bus driver

PPollDisablelList (ListFirstElement

Disable Parallel Poll response of several bus

(0)) devices
PPollUnconfig (IntfHandle) Disable the Parallel Poll response of al bus
devices
Remote (Handle) Assert REN if IntfHandle, addressto Listen if
DevHandle

RemotelList (ListFirstElement (0))

Address specified external devicesto Listen

RemoveDevice (DevHandle)

Remove Driver488 device

Request (IntfHandle, SPstatus)

Request service from Active Controller by

asserting SRQ
Reset (IntfHandle) See ioReset
Resume (IntfHandle,Monitor) See ioResume

SendCmd (IntfHandle,Bytes,Length)

Send command strings with ATN asserted

SendData (DevHandle,Bytes,Length)

Send command strings with ATN unasserted

SendEoi (IntfHandle,Bytes,Length)

Same as SendData with EOI on last byte

SPoll (DevHandle)

Serial Poll device
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SPoll (IntfHandle)

Get SRQ state

SPollList (ListFirstElement (0),
ResultFirstElement (0) ,UntilFlag
)

Serial Poll devices until parameters are met

Status (IntfHandle,StatusVal)

Return details of state of the driver

Stop (IntfHandle) See ioStop
SysController (IntfHandle,SysCont) | Specify if interfaceisto be System Controller
Talk (IntfHandle,Prim,Sec) Send specified Talk Address

Term (Handle,TermVal, TermType)

Set terminators for interface or device

TimeOut (Handle, Timeout)

Set time that must elapse before time out error
declared

Trigger (Handle)

Issue Group Execute Trigger

TriggerList (ListFirstElement (0))

Issue GET to devicesin list

UnListen (IntfHandle)

Send the Unlisten (UNL) command

UnTalk (IntfHandle)

Send the Untalk (UNT) command

Wait (IntfHandle)

SeeioWait

The Commands

To obtain a more detailed description of the command references for Driver488/W31, turn to Chapter
15 “Command References’ in this Section. The commands are presented in al phabetical order for ease
of use.

Syntax Parameters

Name Type Description

Async integer Flag to indicate async transfer

Bytes string String containing characters to transfer

Byval ErrText string Buffer containing error text

ByVal Message string Buffer used to receive Hello message

ByVal Name string Name of external device or DOS device

CompStat integer Completion status from Driver

Count long Long count specifier

Data string Buffer used to send or receive data

DevHandle integer External device handle

Display integer Error message display isTURN ON or TURN
OFF

DmaChan integer Hardware DMA channel

ErrHandle integer Handle that caused error

Flag integer ON or OFF specifier

ForceAddr integer Force address flag

Freq integer Clock frequency

Handle integer Either a DevHandle or an IntfHandle

IntLev integer Hardware I nterrupt level

IntfHandle integer Interface handle

IOAddr integer 1/O base address

Last integer Terminator on last byte indicator

Length integer Number of Bytes

Limit integer Max number of listeners

ListFirstElement (0) integer array First element of the array of handles

Monitor integer Data monitor ON or OFF

PPresponse integer Configuration byte

Prim integer |EEE 488 primary address

ResultFirstElement (0) | integer First element of the array of results

Sec integer |EEE 488 secondary address
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SPstatus integer Service request status

StatusVal IeeeStatus Status TY PE

TermType integer Terminator type: TERMIN or TERMOUT
TermVal terms Terminator TY PE

Timeout integer Timeout value in milliseconds
UntilFlag integer SpollList operating mode

Defined Constants

Completion Status Bit M ask ControlLine Bit Mask for | EEE 488 Bus
ccCount & HO0001 clEOI &HS80
ccBuffer & HO0002 clSRQ &H40
ccTerm & HO0004 c1NRFD &H20
ccEnd & HO0008 c1NDAC &H10
ccChange &HO0010 clDAV &HO08
ccStop &H0020 ClATN &HO04
ccDone &H4000
ccError &H8000 ControlLine Bit Mask for Serial Bus
clDSR &H20
clRI &H10
c1DCD &HO08
clCTS &HO4
M iscellaneous Commands clDTR &HO02
TURNON 1 clRTS &HO1
TURNOFF 2
ALL -1 Bus Commands
WHILESRQ -2 bCUNT 1
UNTILRSV -3 bcUNL 2
NOIEEEADRESS -1 bcMTA 3
NODEVICES -1 bcMLA 4
TERMIN 1 bcTALK 5
TERMOUT 2 bcLISTEN 6
Structure Definitions
TYPE IeeeStatus TYPE Terms
sC AS Integer EOI AS Integer
CA AS Integer nChar AS Integer
Primaddr AS Integer EightBits AS Integer
Secaddr AS Integer terml AS Integer
SRQ AS Integer term2 AS Integer
addrChange AS Integer END TYPE
talker AS Integer
listener AS Integer
triggered AS Integer
cleared AS Integer
transfer AS Integer
byteln AS Integer
byteOut AS Integer
END TYPE
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15.

Command References

15A.
15B.

Driver488/DRV Commands

Sub-Chapters

................................................ 111-282
Driver488/SUB, W31, W95, & WNT Commands.............. 111-312

15A.

Driver488/DRV Commands

This Sub-Chapter contains the command references for Driver488/DRV, using the QuickBASI C
language. The commands are presented in alphabetical order on the following pages for ease of use.
For more information on the format of the command descriptions, turn to the Sub-Chapter “Command

Descriptions’ of Chapter 8.

| Bus Management Commands Page | | Low-Level Bus Commands Page |
ABORT 111-283 SEND 111-305
AUTO REMOTE 111-284
CHECK LISTENER 111-285
CONTROL LINE 111-286 | Event Handling Commands Page |
FIND LISTENERS 111-292 ARM 111-283
PASS CONTROL 111-301 DISARM 111-286
PPOLL CONFIG or PPC 111-301
PPOLL DISABLE or PPD 111-302
PPOLL UNCONFIG or PPU 111-302 | 1/0 Management Commands Page |
REQUEST 111-303 BUFFERED 111-284
RESET 111-304 FINISH 111-293
RESUME 111-304
Instrument Management Page STOP 111-309
Commands
CLEAR 111-285 WAIT 111-311
LOCAL 111-296
LOCAL LOCKOUT or LOL 111-296
REMOTE 111-302 [ Interface Management Commands Page |
TRIGGER 111-310 CLOCK FREQUENCY 111-285
DMA CHANNEL 111-287
| Device Management Commands Page | EOL 111-290
BUS ADDRESS 111-284 INT LEVEL 111-293
KEEP DEVICE 111-295 10 ADDRESS 111-293
KEEP DOS NAME 111-295 SYS CONTROLLER 111-309
MAKE DEVICE 111-297 TERM 111-309
MAKE DOS NAME 111-297 TIME OUT 111-310
REMOVE DEVICE 111-303
REMOVE DOS NAME 111-303
| Error Management Commands Page |
| Device 110 Commands Page | ERROR 111-201
ENTER (Controller Mode) 111-287 FILL 111-291
ENTER # count BUFFER (Controller) 111-288
ENTER (Peripheral Mode) 111-288
ENTER # count BUFFER (Peripheral) 111-289 | Miscellaneous Commands Page |
OUTPUT (Controller Mode) 111-297 HELLO 111-293
OUTPUT # count BUFFER (Control.) 111-298 IOCTL (BASIC Statement) 111-294
OUTPUT (Peripheral Mode) 111-298 IOCTLS$ (BASIC Statement) 111-294
OUTPUT # count BUFFER (Periph.) 111-300 LIGHT PEN 111-296
PPOLL 111-301 STATUS 111-307
SPOLL 111-306
SPOLLLIST 111-307
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ABORT

SYNTAX ABORT [addr]

RESPONSE None

MODE SC Or #*SCeCA

BUSSTATES | IFC, *IFC (SC mode)
ATN, MTA (*SCeCA mode)

SEE AL SO SYS CONTROLLER

EXAMPLE PRINT#1, "ABORT"

Asthe System Controller (sc), whether Driver488 isthe Active Controller or not, the aABorT command
causes the Interface Clear (IFc) bus management line to be asserted for at least 500 microseconds. By
asserting 1Fc, Driver488 regains control of the bus even if one of the devices has locked it up during a
datatransfer. Asserting IFc also makes Driver488 the Active Controller. If aNon System Controller
was the Active Controller then it is forced to relinquish control to Driver488. aBorT forcesall IEEE
488 device interfaces into a quiescent state.

If Driver488isaNon System Controller in the Active Controller state (*sceca), it asserts attention
(aTw), which stops any bus transactions, and then sends its Talk addressto “Untalk” any other Talkers
on the bus. It does not (and cannot) assert IFc.

ARM

SYNTAX ARM interrupt [[,]interrupt...]

RESPONSE None

MODE Any

BUSSTATES | None

SEE AL SO DISARM, LIGHT PEN; OnEvent (Sub-Chapter 15B)
EXAMPLE 100 ON PEN GOSUB 1000 Set up service routine.

110 PEN ON

PRINT#1, "ARMSRQ"

1000 PRINT#1,"SPOLLl6"
1010 INPUT#2,STATUSBYTE
1999 RETURN

Enable interrupt polling.

Detect Service Request

Get Serial Poll status from
device and act accordingly.

Done with interrupt.

The following ArM conditions are supported:

Condition Description

SRQ The Service Request bus line is asserted.

Peripheral An addressed status change has occurred and the interface is a Peripheral.

Controller An addressed status change has occurred and the interface is an Active Controller.

Trigger The interface has received adevice Trigger command.

Clear Theinterface has received adevice Clear command.

Talk An addressed status change has occurred and the interface is a Talker.

Listen An addressed status change has occurred and the interface is a Listener.

Idle An addressed status change has occurred and the interface is neither a Talker nor a
Listener.

ByteIn The interface has recelved a data byte.

ByteOut The interface has been configured to output a data byte.

Error A Driver488 error has occurred.

Change The interface has changed its addressed state. The Controller/Peripheral or

Talker/Listener/Idle states of the interface have changed.

The arM command allows Driver488 to signal to the user specified function when one or more of the
specified conditions occurs. arM sets a flag corresponding to each implementation of the conditions
indicated by the user.
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Once an interrupt is ARMed, it remains arRMed until it isbIsarmed, or until Driver488isreset. BASIC
automatically suppresses light pen interrupt detection during the execution of an interrupt service
routine, so the interrupt service routine is never re-entrantly invoked. Inlanguages that explicitly poll
the light pen status, polling should not be done during the interrupt service routine.

AUTO REMOTE

SYNTAX AUTO REMOTE [{ON|OFF}]
RESPONSE | None

MODE sc

BUSSTATES | None

SEE AL SO LOCAL, REMOTE, ENTER, OUTPUT
EXAMPLE PRINT#1, "AUTO REMOTE ON"

Theauto REMOTE command enables or disables the automatic assertion of the Remote Enable (REN)
line by ouTpuT. When AuTO REMOTE is enabled, ouTpuT automatically asserts REN before
transferring any data. When auTo REMOTE is disabled, there is no change to the ReN line.

AUTO REMOTE ison by default.

BUFFERED

SYNTAX BUFFERED
RESPONSE Integer from 0 to 1,048,575 (or 220-1)
MODE Any
BUSSTATES | None
SEE AL SO ENTER, OUTPUT
EXAMPLE PRINT#1, "ENTER16#1024 BUFFER &H1000:0 EOI"
PRINT#1, "BUFFERED"
INPUT#2,N
PRINT N, "bytes were actually received."

The BUFFERED command returns the number of characters transferred by the latest ENTER, oUTPUT,
SEND DATA, Or SEND EOI command. If a cCONTINUE transfer isin progress, then theresult isthe
number of characters that have been transferred at the moment the command isissued. This command
ismost often used after an ENTER #count BUFFER term to determineif the full number of characters
was received, or if the transfer terminated upon detection of TErM. It isalso used to find out how many
characters have currently been sent during an asynchronous DMA transfer.

BUS ADDRESS

SYNTAX BUS ADDRESS [name] prim-addr[sec-addr]

name iSthe name of an external device. If name isnot specified, then Bus
ADDRESS sets the bus address of the interface.

primary iSthe |EEE 488 bus primary address of the specified device.

secondary isthe |[EEE 488 bus secondary address of the specified device.

RESPONSE None

MODE Any

BUSSTATE | None

SEE AL SO MakeDevice
EXAMPLE PRINT#1, “BUS ADDRESS DMM 1400"

TheBUs aDDRESS command sets the | EEE 488 bus address of the |EEE 488 hardware interface or an
external device. Every |EEE 488 bus device has an address that must be unique within any single
|EEE 488 bus system. The default IEEE 488 bus address for Driver488 is 21, but this may be changed
if it conflicts with some other device.
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CHECK LISTENER

SYNTAX CHECK LISTENER pri-addr[sec-addr]

pri-addr isaprimary device addressin the range o to 30.

Sec-addr isan optional two-digit secondary device addressin therange 00 to 31.
RESPONSE 1 if listener found

0 if listener not found

M ODE CA
BUSSTATES | ATNeMTA, UNL, LAG, (check for NDAC asserted)
SEE AL SO FIND LISTENER, BUS ADDRESS
EXAMPLE PRINT#1”CHECKLISTENER 1501”
INPUT#2,N

IF N=1 THEN PRINT “LISTENER FOUND”
IF N=0 THEN PRINT “LISTENER NOT FOUND”

The cuEck LISTENER command checks for the existence of adevice on the |EEE 488 bus at the

specified address.
CLEAR
SYNTAX CLEAR [addr[,addr..]]
addr isadevice address (primary with optional secondary) or an external
device name.
RESPONSE None
M ODE ca

BUSSTATES | ATNeDCL (all devices)
ATNeUNL, MTA, LAG, SDC (selected devices)
SEE ALSO RESET

EXAMPLES | PRINT#1,CLEAR" Issue a Device Clear to all devices.
PRINT#1,”CLEAR12,18” |ssue a Selected Device Clear to devices 12 and 18.
PRINT#1,”CLEAR DMM” Issue a Selected Device Clear to the device DMM.

The cLEAaR command causes the Device Clear (pcL) bus command to be issued by Driver488. If the
optional addresses are included, the Selected Device Clear (spc) command isissued to all specified
devices. |EEE 488 bus devices that receive a Device Clear or Selected Device Clear command
normally reset to their power-on state.

CLOCK FREQUENCY

SYNTAX [CLOCK] FREQUENCY frequency

frequency isthe actual clock rate in megahertz rounded up to the nearest whole
number of megahertz.

RESPONSE None

M ODE Any

BUSSTATES | None

SEE ALSO RESET
EXAMPLE PRINT#1, “CLOCK FREQUENCY 8”

The cLock FREQUENCY command specifies the |EEE 488 adapter internal clock frequency. The clock
frequency depends upon the design and jumper settings of the interface board. The specified clock
frequency must be the actual clock rate in megahertz rounded up to the nearest whole number of
megahertz. For example, the MP488 and MP488CT boards use a fixed clock frequency of 8 MHz.
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CONTROL LINE

SYNTAX CONTROL LINE
RESPONSE | Bit-mapped number from 0 to 255 representing the state of the
control lines.
MODE Any
BUSSTATES | None
SEE AL SO TIME OUT
EXAMPLE PRINT#1,” CONTROL LINE”
INPUT#2,”CL"”

The coNTROL LINE command may be used on either IEEE 488 devices or Seria devices. If the
device specified is an |EEE 488 device, this command returns the status of the |EEE 488 bus control

lines as an 8-hit unsigned value (bits 2 and 1 are reserved for future use), as shown below:

8

7 6

5

4

3

2

1

EOI

SRQ NRFD

NDAC

DAV

ATN

0

0

If the device refersto a Serial device, this command returns the status of the Serial port control lines as

an 8-bit unsigned value (bits 8 and 7 are reserved for future use), as shown below:

8 7 6 5 4 3 2 1
0 0 DSR RI DCD CTS DTR RTS
A fuller description of the above bus line abbreviations are provided below:
BusState BusLines Data Transfer (DIO) Lines
8 7 6 5 4 3 2 1
| EEE 488 Interface
ATN Attention (&HO04) 0 0 0 0 0 1 0 0
EOI End-Or-Identify (& H80) 1 0 0 0 0 0 0 0
SRQ Service Request (& H40) 0 1 0 0 0 0 0 0
DAV Data Valid (& H08) 0 0 0 0 1 0 0 0
NDAC Not Data Accepted (&H10) 0 0 0 1 0 0 0 0
NRFD Not Ready For Data (& H20) 0 0 1 0 0 0 0 0
Serial Interface
DTR Data Termina Ready (& H02) 0 0 0 0 0 0 1 0
RI Ring Indicator (& H10) 0 0 0 1 0 0 0 0
RTS Request To Send (&HO01) 0 0 0 0 0 0 0 1
CTS Clear To Send (&H04) 0 0 0 0 0 1 0 0
DCD Data Carrier Detect (& HO8) 0 0 0 0 1 0 0 0
DSR Data Set Ready (&H20) 0 0 1 0 0 0 0 0
DISARM
SYNTAX DISARM[interrupt[,interrupt..]]
interrupt isone of thefollowing events: srRQ, Peripheral, Controller,
Trigger, Clear, Talk, Listen, Idle, Bytein, Byteout, Of Change.
RESPONSE None
MODE Any
BUS STATES | None
SEE AL SO ARM, LIGHT PEN; OnEvent (Sub-Chapter 15B)
EXAMPLES | PRINT#1,”DISARM” Disable all interrupts
PRINT#1,”DISARM SRQ” Do not respond to SRQ

The pxsarmM command prevents Driver488 from setting the light pen status or invoking an event handle
and interrupting the computer system, even when the specified conditions occur. The user’s program
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can still check for the conditions by using the staTus command. If the bxsarM command isinvoked
without specifying any interrupts, then all interrupts are disabled. The arM command may be used to
re-enable interrupt detection.

DMA CHANNEL

SYNTAX DMA CHANNEL {channel |NONE}

channel iSthe DMA channel to be used by the I/O adapter.
RESPONSE None

M ODE Any

BUSSTATES | None

SEE AL SO INT LEVEL, TIME OUT
EXAMPLE PRINT#1,”DMA CHANNEL 5~

Thepma cHANNEL command specifies which DMA channel, if any, isto be used by the 1/O interface
card. The PC hasfour DMA channels, but channel o isused for memory refresh and is not available
for peripheral datatransfer. Channel 2 isusually used by the floppy-disk controller and isalso
unavailable. Channel 3 isused by the hard disk controller in PCs, but isusually not used in AT
compatible machines. So, channel 1 (and possibly channel 3) isavailable for DMA transfers. The AT
compatible computers have three 16-bit DMA channels: 5, 6, and 7. The MP488CT can use these
channels for high speed transfer. Thepma cHANNEL value must match the hardware switch settings on
the 1/0O adapter card.

ENTER (Controller Mode)

SYNTAX ENTER [addr] [;] [#count] [;] [term] [term] [EOI]

addr isadevice address (primary with optional secondary) or external device
name.

count isthe number of charactersto read.

Term and E0I override the normal bus input terminator.

RESPONSE Device-dependent data. If count is specified, then the exact

count of characters is returned without EOL being

appended. If not, the response ends when the input

terminator is detected and EOL is appended to the returned
data.

MODE CA

BUSSTATES | ATNeUNL, MLA,TAG, *ATN, data (With addr)
*ATN, data (Without addr)

SEE AL SO OUTPUT, TERM, EOL, BUFFERED
EXAMPLES | PRINT#1,”ENTER16” Read data from device 16
INPUT#2,A$
PRINT#1, ”ENTER16”LINE Read an entire line of datafrom device 16 even if it
INPUT#2, A% contains commas or other punctuations
PRINT#1,”ENTER16 ; CR” Read data from device 16 until CR is detected
INPUT#2,A$
PRINT#1, ”ENTER16$000” Read data until aNULL is detected
INPUT#2,A$
PRINT#1,”ENTERL6LFEOI” Read datauntil LF or EOI is detected.
INPUT#2,A$
PRINT#1,”ENTER0702 Read data from device 7
INPUT#2,A$
PRINT#1, “ENTER12#5” Read 5 bytes from device 12. INPUT$ returns 5 bytes from
A$=INPUTS (5, #2) file#2
PRINT#1, “ENTER#20” Read 20 more bytes. INPUTS$ returns 20 bytes from file #2
A$=INPUTS (20, #2)
PRINT#1, ”ENTER DMM” Read data from device DMM
INPUT#2, VOLTAGE
PRINT#1,”ENTER COM1” Read data from device COM 1
INPUT#2,A$
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The ENTER command reads data from the I/O adapter. If adevice address (with optional secondary
address) or name is specified, then Driver488 is addressed to Listen, and that device is addressed to
Talk. If no addressis specified, then Driver488 must already be configured to receive data, either asa
result of an immediately preceding ENTER command, or as aresult of one of the seNp commands. If
the character count count is specified, then that exact number of charactersisread from the device.
Otherwise, ENTER terminates reception on detection of the input terminator, that may be overridden by
specifying the terminator in the ENTER command. The received terminator is then replaced with the
EOL IN terminator before being returned to the user’s program.

ENTER (Peripheral Mode)

SYNTAX ENTER[;] [#count] [;] [term] [term] [EOI]

count iSthe number of charactersto read.

Term and EOI override the normal businput terminator.

RESPONSE Device-dependent data. If count is specified, then exactly
count characters are returned without EOL being appended.

Otherwise the response ends when the input terminator is
detected at which time EOL is appended to the returned

data.
MODE *CA
BUSSTATES | Determined by the Controller
SEE AL SO OUTPUT, TERM, EOL, BUFFERED
EXAMPLES | PRINT#1,”ENTER” Read datainto A$ until the default bus input terminator is
INPUT#2,A$ detected
PRINT#1,”ENTER CR” Read data until CR is detected
INPUT#2,A$
PRINT#1, ”ENTER$00” Read data until aNULL is detected
INPUT#2,A$
PRINT#1,”ENTER LFEOI” Read data until LF or EOI is detected
INPUT#2,A$
PRINT#1, ”ENTER#10” Read 10 bytes. INPUT$ returns 10 bytes from file #2

A$=INPUTS (10, #2)

In Peripheral mode, the ENTER command receives data from the 1/O adapter under control of the Active
Controller. The Active Controller must put Driver488 into the Listen State and configure some bus
deviceto provide Driver488 with data. The Listen State can be checked with the sTaTUs command,
or can cause an interrupt with the ArRM command. A time-out error occurs (if enabled) if Driver488
does not receive a data byte within the time out period after issuing the ENTER command.

ENTER #count BUFFER (Controller Mode)

SYNTAX ENTER [addr] [;]#count [; ] BUFFER buf-addr [CONTINUE] [terml]
[term] [EOI]

addr isadevice address (primary with optional secondary) or external device
name.

count isthe number of charactersto read.

CONTINUE specifies asynchronous transmission.

Buf -addr isthe memory buffer address.

Term and EOI override the normal bus input terminators.
RESPONSE None, returned data is placed directly into the specified
memory buffer.

MODE Ca
BUSSTATES | ATNeUNL, MLA, TAG, *ATN, data (With addr)
*ATN, data (Without addr)

SEE AL SO OUTPUT, TERM, EOL, BUFFERED
EXAMPLES | See next page.
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EXAMPLES PRINT#ZIO,O“ 6ENOTER16#100 BUFFER Read 100 characters into memory at & H20000.

&H :onm

PRINT#1, “ENTER16#100 BUFFER  Read 100 characters, or until EOI is detected into
&H20100 EOT” memory at absolute location 20100.

PRINT#1, "BUFFERED"

INPUT#2,N

PRINT#1, “ENTER16#100 BUFFER  Read 100 characters as before, but allow the
262144 CONTINUE” program to continue while the transfer is

taking place.

PRINT#1, “WAIT” Wait until the transfer has completed.

PRINT#1, “ENTER16#100 BUFFER  Read 100 characters as before, but stop if the EOI
262144 CONTINUE EOI” (end or identify) signal is encountered.

PRINT#1, "WAIT" Wait until the transfer has completed.

PRINT#1, "BUFFERED” Get the number of characters actually read.

INPUT#2 , NBUFFERED

The ENTER #count BUFFER command reads datafrom the I/O adapter into a user-supplied memory
region. If adevice address (with optional secondary address) or name is specified, Driver488 is
addressed to Listen, and that device is addressed to Talk. If no addressis specified, Driver488 must
already be configured to receive data, either as aresult of an immediately preceding ENTER command,
or asaresult of one of the seNnp commands.

The character count count must be specified and is the maximum number of charactersthat is
transferred. ENTER #count BUFFER does not detect the input terminator unlessit is explicitly
specified in the command. Otherwise the specified number of charactersisreceived. The number of
characters actually received can be checked with the BuFFERED command. The terminator characters,
if received, are placed into the memory buffer.

If coNTINUE is specified, Driver488 returns control to the user’s program as soon as possible, without
waiting for the transfer to be completed. It does, however, wait for the first byte to check for time-out
unless atime-out value of o had been specified by a TIMEOUT command. Because of hardware
limitations, the coNTINUE may not return until a substantial portion of the transfer is complete, if
configured for no interrupts.

CONTINUE transfers are not finished until Driver488 has had an opportunity to “clean up” and complete
the transfer. This“clean up” isusually automatic: Driver488 implicitly performs awazT command
before performing any bus command. The program can itself use the wazT command to guarantee that
the transfer is complete.

All characters read, including the bus terminator, if any, are placed in the memory buffer; no terminator
trandlation is performed. The EorL. IN terminator isnot put into the memory buffer.

ENTER #count BUFFER (Peripheral mode)

SYNTAX ENTER[;] #count[;]BUFFERbuf-addr [CONTINUE] [term] [term] [EOI]
count iSthe number of charactersto ENTER.

buf -addr isthe memory buffer address.

CONTINUE Specifies asynchronous transmission.

term and EOI override the normal bus input terminators.
RESPONSE None, returned data is placed directly into the specified
memory buffer.

MODE *CA
BUSSTATES | Determined by the Controller.
SEE AL SO OUTPUT, TERM, EOL, BUFFERED

EXAMLES See next page.
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EXAMPLES | PRINT#1,"ENTER#100 BUFFER Read 100 characters into memory at & H20000.

&H2000:0"
PRINT#1, "ENTER#100 BUFFER Read 100 characters, or until EQI is detected into
&H20100 EOI" memory at absolute location 20100.

PRINT#1, "BUFFERED"
INPUT#2, NBUFFERED

PRINT#1, "ENTER# 100 BUFFER  Read 100 characters as before, but alow the

262144 CONTINUE" program to continue while the transfer is taking
place.
PRINT#1, "WAIT" Wait until the transfer has completed.
PRINT#1, "ENTER#100 BUFFER Read 100 characters as before, but stop if the EOI
262144CONTINUE EOI" (end or identify) signal is encountered.
PRINT#1, "WAIT" Wait until the transfer has completed.
PRINT#1, "BUFFERED" Get the number of characters actually read.

INPUT#2, NBUFFERED

In Peripheral mode, the ENTER #count BUFFER command receives data from the bus under control
of the Active Controller. The Active Controller must put Driver488 into the Listen State and
configure some other device to provide it with data. The Listen state can be checked with the
STATUS command, or can cause an interrupt viathe arm command. A time-out error occurs (if
enabled) if Driver488 does not receive a data byte within the time out period after issuing the

ENTER #count BUFFER command. The character count count must be specified, and isthe
maximum number of charactersthat is transferred.

ENTER #count BUFFER does not detect the input terminator unlessit is explicitly specified in the
command. Otherwise the specified number of charactersisreceived. The number of characters
actually received can be checked with the BUFFERED command.

If coNTINUE is specified, then Driver488 returns control to the user’s program as soon as possible,
without waiting for the transfer to be completed. It does, however, wait for the first byte to check for
time-out unless atime-out value of 0 had been specified by a TIMEOUT command. Because of
hardware limitations, the coNTINUE may not return until a substantial portion of the transfer is
completeif Driverd88 is configured for no interrupts.

CONTINUE transfers are not finished until Driver488 has had an opportunity to “clean up” and complete
the transfer. This“clean up” isusually automatic: Driver488 implicitly performs awazT command
before performing any bus command. The program can itself use the wazT command to guarantee that
the transfer is complete.

All characters read, including the bus terminator, if any, are placed in the memory buffer. No
terminator translation is performed. The eon 1IN terminator isnot put into the memory buffer.

EOL

SYNTAX EOL [name] [IN|OUT] {term [term] |NONE}

name iSthe name of an External Device. If nameis not specified, then EOL acts
on the 1/O adapter.

IN or ouT specifies whether the input or output terminators are being set. If
neither N nor ouT is specified, then both terminators are set identically.

term iSOne of CR, LF, $char, Or ‘X, specifying aterminator character.

NONE may be specified instead of term to indicate that no EoL terminators are

used.
RESPONSE None
MODE Any
BUSSTATES | None
SEE AL SO TERM, ENTER, OUTPUT

EXAMPLES | See next page.

Personal488 User’s Manual, Rev. 3.0 111-291

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



15A. Driver488/DRV Commands I1l. COMMAND REFERENCES - 15. Command References

EXAMPLES | PRINT#1,"EOL DMM CR LF" Set both input and output terminators to
carriage-return line-feed.
PRINT#1, "EOLTIMER OUT CR LF" Set output terminator to CR LF.
PRINT#1, "EOLTIMER IN CR" Set input terminator to CR only.
PRINT#1, "EOL DVM $0" Set both terminatorsto an ASCI1 NULL.
PRINT#1, "EOL WAVE IN NONE" Configure for no input terminator.

The eor. command sets the end-of-line terminators for input to the user’s program, output to Driver488,
or both. All output to Driver488, except ouTPUT #count, Must be terminated by the EoL output
terminator. All input to the user’s program, except ENTER #count, iSterminated by the Eor input
terminator. The default terminators for both input and output are set by 1NsTALL and are normally

CR LF, which isappropriate for most languages.

ERROR

SYNTAX ERROR {ON|OFF}

RESPONSE None

MODE Any

BUSSTATES | None

SEE ALSO STATUS; OnEvent, GetError, GetErrorList (Sub-Chapter 15B)

EXAMPLES | PRINT#1, "ERROR OFF" Disable on-screen error message display.
PRINT#1, "ERROR ON" Re-enable error message display.

The ERROR command enables or disables automatic on-screen display of Driver488 error messages.
ERROR ON enables error message display, and ERROR OFF disablesit. ERROR ON isthe default
condition.

FILL

SYNTAX FILL [name] {OFF|ERROR|CR|LF|S$char|’X}
name iSthe name of an external device. If nameis not specified, then oL acts on
the 1/0O adapter

OFF prevents response if none is available.

ERROR enables SEQUENCE - NO DATA AVAILABLE €TOrS.

CR, LF, $char, or ‘x specify the character with which to “fill” the response.
RESPONSE None

MODE Any
BUSSTATES | None
SEE AL SO ENTER, OUTPUT, EOL

EXAMPLES | PRINT#1,"FILL OFF" Do not detect NO DATA AVAILABLE errors. Do not
return fill characters.

INT#1,"FILL ERROR" Detect NO DATA AVAILABLE errors.Do not return
fill characters.

PRINT#1,"FILL $000" Do not detect NO DATA AVAILABLE errors. Fill
reguests with nulls.

The F1LL command controls the response of Driver488 to arequest for data when noneis available.
This type of request can occur in three ways: (1) a program error, such as a missing ENTER command,
resultsin arequest for a response without first setting up Driver488 to provide that response; (2) the
I/0 procedures supplied with the user’ s programming language request more data than is actually
available; or (3) the opEN command for input from Driver488 tries to read one character from
Driver488 to confirm that data is available even before any commands have been issued.

When such arequest occurs, Driver488 can respond in three ways: (1) it can respond to the calling
routine that no datais available, (2) it can immediately signal an error, or (3) it can satisfy the request
by returning some specified character repeated as many times as necessary. The FInL command
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selects which response isto be used. I1n general, when Driver488 receives arequest for data, it is
provided with the address in memory of a buffer that isto hold the response, and with the buffer length.

If FILL OFF is specified, then the buffer isfilled with any available response, and the remainder of the
buffer (if it islarger than the response) is not changed. If no response is available, then the entire
buffer isleft unchanged, but no error isindicated.

If FILL ERROR is specified, then the buffer isfilled with any available response, and the remainder of
the buffer (if it islarger than the response) is not be changed. If no responseis available, then the
entire buffer isleft unchanged and a SEQUENCE - NO DATA AVAILABLE €fTOr OCCUIS.

If FILL termis specified, where termis one of cr, LF, $char, or X, the buffer isfilled with any
available response, and the remainder of the buffer (if it islarger than the response) isfilled with the
specified character. If no response is available, the entire buffer isfilled with that character.

If the error is due to an actual programming error, it is to the user’ s advantage to have Driver488
automatically detect this error. In this case, error detection should be enabled with the FILL. ERROR
command. Normal I/O with Driver488 in both BASIC and Turbo Pascal 3.0 is performed on a
character-by-character basis and so neither language reads more datathan is available. Thus,

FILL ERROR iSappropriate for both languages. Note, however, that the opEN for input command in
some versions of BASIC does try to read one character upon opening the file. For this reason, the files
should be opened in the following sequence:

100 OPEN “\DEV\IEEEOUT” FOR OUTPUT AS #1
110 IOCTL#1, "BREAK"

120 PRINT#1, "RESET"

130 OPEN “\DEV\IEEEIN” FOR INPUT AS #2
140 PRINT#1,"FILL OFF"

The RESET command guarantees that FILL$000 (the default condition, FILL with the null character) is
in effect when the oPEN statement triesto read the first character from Driver488. Driver488 responds
with anull character that BASIC ignores so that the first real response from Driver488 will be
corrupted.

In some languages, such as C, the 1/0 routines may try to read a fixed length block from Driver488.
Use of the BASIC GeT file I/O also has this effect. The size of the block requested varies. It may be as
much as several thousand bytes, or it may be the record size or buffer length defined for thefile. Inany
case, if FILL iSOFF, then no error is signaled, and the returned characters are placed into the first bytes
of the buffer. The remainder of the block is not modified. It is, though, sometimes useful to fill the
remainder of the block with some specific byte value. Thisisaccomplished withthe FILL term
command. FILL term forces Driver488 to return as many characters as are requested by the I/O
routines, even if they are dummy fill characters.

FIND LISTENERS

SYNTAX FIND LISTENERS pri-addr

RESPONSE The number of active listeners found, followed by those
addresses, separated by commas.

MODE Any
BUSSTATES | UNL, LAG
SEE AL SO CHECK LISTENER, BUS ADDRESS, STATUS

EXAMPLES | PRINT#1,"FIND LISTENERS 12"
LINE INPUT#1,A$

0 No Listeners Found
1,12 Primary Address Listener Found
2,1200,1201 Secondary Address Listeners Found

TherINDp LISTENERS command findsall of the devices configured to listen at the specified primary
address on the |EEE 488 bus. It takes the primary address to check, and returns the number of listeners
found and their addresses.
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FINISH

SYNTAX FINISH
RESPONSE None

MODE Ca

BUSSTATES | ATN

SEE AL SO RESUME, PASS CONTROL
EXAMPLE PRINT#1, “FINISH”

The FINISH command asserts ATN and releases any pending holdoffs after arREsuME function is called
with the monitor flag set. FINISH everything necessary for Driver488 to be ready for the next

operation.
HELLO
SYNTAX HELLO
RESPONSE Driver488 Revision X.X (C)199X IOtech, Inc.
MODE Any
BUSSTATES | None
SEE AL SO Status; OpenName, GetError (Sub-Chapter 15B)
EXAMPLE PRINT#1, "HELLO" Get the HELL O response and display it.
INPUT#2,A$
PRINT AS$

The HELLO command is used to verify communication with Driver488, and to read the software
revision number. When the command is sent, Driver488 returns a string similar to the following:

Driver488 Revision X.X (C)199X IOtech, Inc.

where x is the appropriate revision or year number.

INT LEVEL

SYNTAX INT LEVEL [channel |NONE]
channel isavalid interrupt channel.

RESPONSE None

M ODE Any

BUSSTATES | None

SEE AL SO DMA CHANNEL, TIME OUT

EXAMPLES | PRINT#1, “INT LEVEL 3"

The 1NT LEVEL command specifies the hardware interrupt level that is used by the 1/O adapter.
Driver488 uses hardware interrupts, if available, to improve the efficiency of 1/0 adapter control and
communication. The interrupt level is specified by an integer in the range 2 through 15, where channel
availability within this range is determined by the system bus type and the adapter type. The interrupt
level value must match the hardware settings on the I/O adapter card.

10 ADDRESS

SYNTAX IO ADDRESS[io-addr]

ioaddr isthe /O base address to set.
RESPONSE None
M ODE Any
BUSSTATES | None
SEE AL SO INT LEVEL, DMA CHANNEL, TIME OUT
EXAMPLES | PRINT#1, "IOADDRESS &HO2E1"
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The 1o apbreEss command specifies the I/O port base address of the 1/0 adapter. The base addressis
set by asixteen-bit integer, ioaddr, that is usually given as a hexadecimal number. For example, to
use the default 1/0 address, the command would be 10 ADDRESS &HO02EL.

The default 1/0 port base address for the |EEE 488 hardware interface is eH02E1 for the first interface,
&H22E1 for the second, sH42E1 for the third, and sH62E1 for the fourth interface. The default 1/0

port base addresses for the serial hardware interfaceis sE03F8. Other standard /O port base addresses
are sHO2F8, &§HO3ES, &§H02E8. The I0 ADDRESS value must match the hardware switch settings on

the I/O adapter.
IOCTL (BASIC Statement)
SYNTAX IOCTL#2, "BREAK"
RESPONSE None
MODE Any

BUSSTATES | None
SEE AL SO IOCTLS
EXAMPLE IOCTL#2, "BREAK" Send the IOCTL message “BREAK” to the Driver488

The rocTL command isa BASIC statement that can be used to reset Driver488 unconditionally. When
the message “BREAK” iS sent to Driver488 viathe 1ocTL write DOS function (&H4403, accessible
viathe rocTL BASIC statement), Driver488 stops any command currently executing, and preparesto
accept a new command. This can be used even when Driver488 is not expecting a command, but is
transferring data. Commands such as ABoRT or RESET may then be used to reset the entire |EEE 488
bus.

IOCTL resetsthe EoL ouT terminators to their default values to guarantee that Driver488 is ableto
recognize the next command correctly. No TocTL commands other than BREAK are supported by

Driver488. The rocTr command can be accomplished in other languages by using MS-DOS function
calls.

IOCTLS (BASIC Statement)

SYNTAX A$=IOCTLS (#2)
As isastring variable that is set to one of the following:
o if thereis nothing to read,
1 if there is something to read,
2 if data should be written,
3 if the remainder of a command is expected.
RESPONSE None
MODE Any
BUSSTATES | None
SEE AL SO IOCTL
EXAMPLE 100 PRINT#1, "ENTER16"
110 A$=IOCTLS (#2)
120 IF A$="1" THEN PRINT INPUTS$(1,#2): GOTO 110
130 PRINT “NO INPUT READY”

The zocTLs command is a BASIC statement that can be used to determine the communication state of
Driver488. When datais read from Driver488 using the IocTL Read DOS command (&H4402, access
viathe rocTLs BASIC function), Driver488 returns asingle ASCI| character, either o, 1, 2, or 3. The
meaning of these responsesis:

e 0: A responseof 0 indicatesthat Driver488 is ready to receive acommand. It has no datato read,
nor isit expecting data for output to the |EEE 488 bus.

Personal488 User’s Manual, Rev. 3.0 111-295

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




15A. Driver488/DRV Commands I1l. COMMAND REFERENCES - 15. Command References

e 1: Aresponseof 1 indicatesthat Driver488 has aresponse ready to be read by the user’s program.
The program must read the response before sending a new command (except IOCTL “BREAK”) Of
4 SEQUENCE - DATA HAS NOT BEEN READ €frOr OCCUIS.

e 2: Aresponseof 2 indicates that Driver488 iswaiting for datato ouTrut to the I/O adapter. The
user’s program must send the appropriate data with terminators as needed to Driver488 with
PRINT Statements (or their equivalent in other languages). Attempting to read from Driver488
whileit iswaiting for data, causes a SEQUENCE - NO DATA AVAILABLE €fTor.

e 3: Aresponseof 3 indicatesthat Driver488 is waiting for the completion of acommand. Thisis
similar to aresponse of 2 except that Driver488 iswaiting for a command rather than for datato
OUTPUT.

The rocTLs command has two primary uses: In the Keyboard Controller Program it allows the
program to know when Driver488 has data available to read, and in BASIC Interrupt Service Routines
it prevents interrupts from being serviced while Driver488 is busy finishing a command.

Notice that TocTL$ suppresses light pen interrupt emulation, so that the next time light pen statusis
reguested, it responds with a“no interrupt” status. Normal light pen interrupt emulation is then
restored. Thisisrequired to allow the BASIC oN pEN function to operate normally. The TocTL$
command can be accomplished in other languages by using MS-DOS function calls.

KEEP DEVICE

SYNTAX KEEP DEVICE name
name iS the name of an external device.
RESPONSE None

MODE Any
BUSSTATES | None
SEE AL SO MAKE DEVICE, REMOVE DEVICE

EXAMPLES | PRINT#1, “KEEP DEVICE SCOPE”

ThexEEP DEVICE command makes the specified Driver488 device permanent. Permanent Driver488
devices are not removed when Driver488 is closed. Driver488 devices are created by MAKE DEVICE
and areinitialy temporary. UnlesskeEEP DEVICE isused, all temporary Driver488 devices are
forgotten when Driver488is closed. The only way to remove the device once it has been made
permanent by the KEEP DEVICE command, isto use the REMOVE DEVICE command.

KEEP DOS NAME

SYNTAX KEEP DOS NAME dosname
dosname iSthe name of the Driver488 DOS device.
RESPONSE None

MODE Any
BUSSTATES | None
SEE ALSO MAKE DOS NAME, REMOVE DOS NAME, KEEP DEVICE

EXAMPLES | PRINT#1, “KEEP DOS NAME PLOTTER”

ThexEEp Dos NaME command makes the specified Driver488 DOS device permanent. Permanent
Driver488 DOS devices are not removed when Driver488 is closed. Driver488 DOS devices are
created by MaxE Dos NaME and areinitially temporary. UnlesSKEEP DOS NAME is used, al
temporary Driver488 DOS devices are forgotten when Driver488 is closed. The only way to remove
the DOS device once it has been made permanent by the KEEP Dos NaME command, isto use the
REMOVE DOS NAME command.

The Driver488 DOS device is attached to a Driver488 device that was specified when the Driver488
DOS device was created by MakE Dos NaME. If that Driver488 device is not permanent, then
KEEP DOS NAME makesit permanent, and then makes the Driver488 DOS device permanent.

111-296 Personal488 User’s Manual, Rev. 3.0

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



I1l. COMMAND REFERENCES - 15. Command References

15A. Driver488/DRV Commands

LIGHT PEN
SYNTAX LIGHT PEN [ON|0FF]
RESPONSE None
M ODE Any
BUSSTATES | None
SEE ALSO ARM, DISARM; OnEvent (Sub-Chapter 15B)
EXAMPLES PRINT#1, “LIGHT PEN ON”

ThernieHT PEN command enables or disables the detection of interrupts via setting the light pen
status. The default islight pen interrupt enabled.

LOCAL

System Controller Mode
SYNTAX LOCAL
RESPONSE None
M ODE sC
BUSSTATES | *REN
SEE AL SO REMOTE, AUTO REMOTE
EXAMPLE PRINT#1, "LOCAL" Unassert the Remote Enable Line

Active Controller Mode
SYNTAX LOCAL addr[,addr...]

addr isabus device address (primary with optional secondary) or a device name.

RESPONSE None
MODE ca
BUSSTATES | ATNUNL, MTA, LAG,GTL
SEE AL SO REMOTE, AUTO REMOTE
EXAMPLE PRINT#1, "LOCAL 12,16"  Send Go To Local to devices 12 and 16.

In the System Controller mode, the Locar. command without optional addresses causes Driver488 to
unassert the Remote Enable (REN) line. This causes devices on the bus to return to manual operation.
Asthe Active Controller, with bus addresses specified, bus devices are placed in the local mode by the
Go To Local (eTL) buscommand. If addresses are specified, then the Remote Enable line is not

unasserted.
LOCAL LOCKOUT or LOL
SYNTAX LOCAL LOCKOUT Or LOL
RESPONSE None
MODE Ca
BUSSTATES | ATNeLLO
SEE AL SO LOCAL, LOCAL LIST, REMOTE
EXAMPLES | PRINT#1, "LOCAL LOCKOUT" Send Local Lockout bus command.

PRINT#1, "LOL" Same as above.

Thenocarn LocrouT command causes Driver488 to issue aLocal Lockout (Lon) |IEEE 488 bus
command. Bus devices that support this command are thereby inhibited from being controlled
manually from their front panels.
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MAKE DEVICE

SYNTAX MAKE DEVICE name = oldname

name iSthe name of the device that is created with the same configuration as the
existing device oldname.

RESPONSE None

M ODE Any
BUSSTATES | None
SEE AL SO KEEP DEVICE, REMOVE DEVICE
EXAMPLE PRINT#1,”MAKE DEVICE DMM=SCOPE” (Create adevice named DMM,
PRINT#1,”BUS ADDRESS DMM 16 attached to the same 1/0 adapter
as SCOPE and set its | EEE 488
bus address to 16.

TheMaKE DEVICE command creates a new, temporary Driver488 device that is an identical copy of an
already existing Driver488 device. The new device is attached to the same /O adapter of the existing
device and has the same terminators, timeouts, and other characteristics. If there are no appropriate
Driver488 devices, then the INSTALL program must be used to create one. The newly created deviceis
temporary, and is forgotten when Driver488 is closed. XkEEP DEVICE may be used to make the device
permanent.

MAKE DOS NAME

SYNTAX MAKE DOS NAME dosname = devicename

dosname iSthe name of the newly created Driver488 DOS device that is
configured to communicate with the Driver488 device devicename

RESPONSE None

MODE Any
BUSSTATES | None
SEE ALSO KEEP DOS NAME, REMOVE DOS NAME, MAKE DEVICE

EXAMPLES | PRINT#1, “MAKE DOS NAME METER = DMM”
OPEN “METER” FOR OUTPUT AS #3

TheMARE Dos NaME command creates a new, temporary Driver488 DOS device that is configured to
communicate with an already existing Driver488 device. The newly created DOS device is temporary,
and is forgotten when Driver488 isclosed. kEEP DOS NAME may be used to make the device

permanent.
OUTPUT (Controller Mode)
SYNTAX OUTPUT [addr] [#count] [term] [term] [EOI] ;data
addr isadevice address (primary with optional secondary) or external device
name.

count isthe number of charactersto output.

Term and EOI override the normal |EEE 488 bus output terminator

data isastring of characters to output, terminated by the EoL output terminator
(unless count is specified in which case no terminator is needed).

RESPONSE None

M ODE ca

BUSSTATES | REN (if SC and AUTO REMOTE), *ATN, data (without addr)

REN (if SC and AUTO REMOTE), ATN*MTA, UNL, LAG, *ATN, data
(with addr)
SEE ALSO ENTER, TERM, TIME OUT, EOL, BUFFERED

EXAMPLES | See next page.
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EXAMPLES PRINT#1, "OUTPUT22; ROCOT1X" Send “ROCOT1X” to device 22.
PRINT#1, "OUTPUT ; XYZ" Andsendit“XYZ".
PRINT#1, "OUTPUT0602; DEF" Send “DEF” to device 6, secondary address 2.
PRINT#1, "OUTPUT06#26; Send the 26 letters of the alphabet without
abcdefghijklmnopgrstuvwxyz" terminators to device 6.
PRINT#1, "OUTPUT DMM;DC VOLTS" Send “DCVOLTS’ to device DMM.

The ouTpuT command sends data to the I/O adapter. The Remote Enable (REN) lineisfirst asserted if
Driver488 isthe System Controller and auTo REMOTE isenabled. Then, if adevice address (with
optional secondary address) is specified, Driver488 is addressed to Talk and that device is addressed to
Listen. If no addressis specified, Driver488 must already be configured to send data, either as a result
of animmediately preceding ouTpuT command or as the result of a senp command. If the character
count count is specified, that exact number of charactersis sent to the bus devices. Otherwise,
ouTPUT terminates data transfer upon detection of the Eor output terminator from the user’s program.
The EoL output terminator is replaced with the bus output terminator before being sent to the bus
devices.

OUTPUT (Peripheral Mode)

SYNTAX OUTPUT [#count] [term] [term] [EOI] ;data

count isthe number of charactersto outpur.

term and EoI override the normal |EEE 488 bus output terminators.

data isastring of characters to ouTpuT terminated by the Eor output terminator
unless count is specified.

RESPONSE None

MODE *CA
BUSSTATES | Determined by the Controller.

REN asserted if SYS CONTROLLER and AUTO REMOTE are enabled.

SEE AL SO ENTER, TERM, TIME OUT, BUFFERED
EXAMPLES | PRINT#1,"OUTPUT;DCVOLTS" Send “DC VOLTS'
PRINT#1, "OUTPUT#5 ; ABCDE" Send “ABCDE” without bus terminators.

In Peripheral mode, the ouTpuT command sends data to the I/0O adapter under control of the Active
Controller. The Active Controller must put Driver488 into the Talk state and configure some bus
device to accept the transferred data. The Talk state can be checked with the sTaTus command, or
can cause an interrupt viathe arM command. A time-out error occurs, if enabled, if no bus device
accepts the data within the time out period after issuing the ouTpuT command. |If the character count
count is specified, that exact number of charactersis sent to the bus device. Otherwise, ouTpuT
terminates data transfer upon detection of the EoL output terminator from the user’s program. The EoL
output terminator is replaced with the bus output terminator before being sent to the bus devices. Even
as a Peripheral, Driver488 might be the System Controller. If itisand aAuTo REMOTE isenabled, it
asserts Remote Enable (REN) before sending any data.
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OUTPUT #count BUFFER (Controller Mode)

SYNTAX OUTPUT [addr]#count BUFFER buf-addr [CONTINUE] [term] [term]
[EOI]

addr isadevice address (primary with optional secondary) or an external device
name.

count isthe number of bytes to ouTpuT.

buf-addr isthe memory buffer address.

CONTINUE specifies asynchronous transmission.

term and o1 override the normal |EEE 488 bus output terminator
RESPONSE None

M ODE CA
BUSSTATES | REN (if SC), *ATN, data (without addr)

REN (if SC), ATNeMTA, UNL, LAG, *ATN, data (with addr)

SEE AL SO ENTER, TERM, TIME OUT, EOL, BUFFERED
EXAMPLES | PRINT#1,"OUTPUT16#100 BUFFER  Send 100 characters from memory at & H20000.
&H2000:0”
PRINT#1, "OUTPUT16#100 BUFFER  Send 100 characters from memory at & H20100
&H20100 EOI” asserting EOI with the |ast character.
PRINT#1, "OUTPUT0701 #100 Send 100 characters to bus device 07.

BUFFER &H1000:0 EOI”
PRINT#1, "OUTPUT16#100 BUFFER  Send 100 characters and allow the program to

&H2000:0 CONTINUE EOI” continue while the transfer is taking place.
PRINT#1, "WAIT" Wait for the transfer to complete.

PRINT#1, "OUTPUT16#100 BUFFER And send the next 100 bytes_
&H2000:100”

The ouTPUT #count BUFFER command sends datato I/O adapter devices from a user- supplied
memory region. The Remote Enable (REN) lineisfirst asserted if Driver488 is the System Controller.
Then, if adevice address (with optional secondary address) is specified, Driver488 is addressed to Talk
and that device is addressed to Listen. If no addressis specified, Driver488 must already be configured
to send data, either asaresult of animmediately preceding ouTpuT command, or as the result of a
SEND command.

The character count count must be specified and is the number of characters that is transferred.
OUTPUT #count BUFFER does not send any bus output terminators unless they are specified. The
number of characters actually sent can be checked with the BUFFERED command.

If CONTINUE is specified, then Driver488 returns control to the user’s program as soon as possible
without waiting for the transfer to be completed. It does, however, wait for the first byte to check for
time-out unless atime-out value of 0 had been specified by aTIME ouT command. Because of
hardware limitations, the cONTINUE may not return until a substantial portion of the transfer is
complete.

CONTINUE transfers are not finished until Driver488 has had an opportunity to “clean up” and complete
the transfer. This“clean up” isusually automatic: Driver488 implicitly performs awaIT command
before performing any bus command. The program can itself use the wazT command to guarantee that
the transfer is complete.

All charactersin the memory buffer are sent exactly as stored. No detection of the Eor output
terminator is performed, and no terminator trand ation takes place.
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OUTPUT #count BUFFER (Peripheral Mode)

SYNTAX OUTPUT #count BUFFER buf-addr [CONTINUE] [term] [term] [EOI]
count iSthe number of charactersto ouTpur.

buf-addr isthe memory buffer address.

CONTINUE specifies an asynchronous data transfer.

term and EOI override the normal |EEE 488 bus output terminators.
RESPONSE None

MODE *Ca
BUSSTATES | Determined by the Controller.

REN asserted if SYS CONTROLLER and AUTO REMOTE are enabled.

SEE AL SO ENTER, TERM, TIME OUT, BUFFERED
EXAMPLES | PRINT#1,"OUTPUT#100 BUFFER  Send 100 characters from memory at & H20000.
&H2000:0"
PRINT#1, "OUTPUT#100 BUFFER  Send 100 characters from memory at & H20100
&H20100 EOI" asserting EOI with the last character.
PRINT#1, "OUTPUT#100 BUFFER  Send 100 characters, asserting EOI on the last
&H1000:0 EOI" character.
PRINT#1, "OUTPUT#100 BUFFER  Send 100 characters and allow the program to
&H2000:0 CONTINUE EOIL" continue while the transfer is taking place.
PRINT#1, "WAIT" Send 100 characters and allow the program to

continue while the transfer is taking place.

In Peripheral mode, the ouTPUT #count BUFFER command sends datato the 1/O adapter under
control of the Active Controller. The Active Controller must put Driver488 into the Talk state and
configure some bus device to accept the data that istransferred. The Talk state can be checked with
the sTATUS command or it can cause an interrupt via the ARM command. A time-out error occurs, if
enabled, if the Controller does not accept the data within the time out period after issuing the
OUTPUT #count BUFFER cOmmand.

The character count count must be specified and is the number of characters that is transferred.
OUTPUT #count BUFFER doesnot send any bus output terminators unless they are specified. The
number of characters actually sent can be checked with the BUFFERED command.

If coNTINUE is specified, then Driver488 returns control to the user’s program as soon as possible
without waiting for the transfer to be completed. It does, however, wait for the first byte to check for
time-out unless atime-out value of 0 had been specified by aTIME ouT command. Because of
hardware limitations, the cONTINUE may not return until a substantial portion of the transfer is
complete, if Driver488 is configured for no interrupts.

CONTINUE transfers are not finished until Driver488 has had an opportunity to “clean up” and complete
the transfer. This“clean up” is usually automatic: Driver488 implicitly performs awaIT command
before performing any bus command. The program can itself use the wazT command to guarantee that
the transfer is complete. If oz is specified, the last byte is not transferred until Driver488 has the
opportunity to perform this clean up.

All charactersin the memory buffer are sent exactly as stored. No detection of the Eor output
terminator is performed, and no terminator trand ation takes place.

Even as a Peripheral, Driver488 might be the System Controller. If itisand if AUTO REMOTE is
enabled, then it asserts RemoteEnabl e (REN) before sending any data.
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PASS CONTROL

PASS CONTROL addr
addr isadevice address (primary with optional secondary) or the external device

name of the device to which control is passed.
RESPONSE None

SYNTAX

M ODE CA

BUSSTATES | ATNeUNL, MLA, TAG, UNL, TCT, *ATN

SEE ALSO ABORT, RESET, SEND

EXAMPLE 100 PRINT#1, "PASS CONTROL 22"  Control is passed to device 22.

110 PRINT#1,"STATUS"
120 INPUT#1,AS
130 IF LEFTS (AS,1)"C" THEN 110

Use STATUS to check control.
Wait until we are controller again

The pass coNTRoL command allows Driver488 to give control to another controller on the bus. After
passing control, Driver488 enters the Peripheral mode. If Driver488 was the System Controller, then it
remains the System Controller, but it is no longer the Active Controller. The Controller now has
command of the bus until it passes control to another device or back to Driver488. The System
Controller can regain control of the bus at any time by issuing an ABorRT command.

PPOLL

SYNTAX PPOLL

RESPONSE Number in the range 0 to 255.

MODE CA

BUSSTATES | ATNeEOI <parallel poll response>, *EOI

SEE AL SO PPOLL CONFIG, PPOLL UNCONFIG, PPOLL DISABLE, SPOLL
EXAMPLE PRINT#1, "PPOLL" Conduct a Parallel Pall

INPUT#2, PPSTAT Receive the PPOLL status

The proLL (Parallel Poll) command is used to request status information from many bus devices
simultaneously. If adevice requires service, it respondsto a Parallel Poll by asserting one of the eight
|EEE 488 bus data lines (pro1 through pros, with pxo1 being the least significant). In this manner,
up to eight devices may simultaneously be polled by the controller. More than one device can share
any particular pzo line. Inthiscase, it is necessary to perform further Serial Polling to determine
which device actually requires service.

Parallel Polling is often used upon detection of a Service Request (SRQ), though it may also be
performed periodically by the controller. In either case, PPoLL responds with a number from o to 255
corresponding to the eight binary 1o lines. Refer to the manufacturer’s documentation for each
device to determine whether or not Parallel Poll capabilities are supported.

PPOLL CONFIG or PPC

SYNTAX PPOLL CONFIG addr;response Of PPC addr;response
addr isadevice address (primary with optional secondary) or an external device
name.
response iSthe decimal equivalent of the four binary bits s, p2, p1, and po
where s isthen Sense bit, while p2, p1, and po assign the bxo bus dataline
used for the response.
RESPONSE None
MODE CA
BUSSTATES | ATNeUNL, MTA, LAG, PPC
SEE AL SO PPOLL, PPOLL UNCONFIG, PPOLL DISABLE
EXAMPLE See next page.
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EXAMPLE PRINT#1, Configure device 23 to assert DIO6 when it desires service (ist =
"PPC23; &HOD" 1) and it is Paralel Polled (& HOD = 1101 binary; S=ist=1,
P2=1, P1=0, PO=1; 101 binary = 5 decimal = DIOE6).

The ppoLL coNFIG command configuresthe Parallel Poll response of a specified bus device. Not all
devices support Parallel Polling and, among those that do, not all support the software control of their
Parallel Poll response. Some devices are configured by internal switches.

The Parallel Poll responseis set by afour-bit binary number response: s, 2, 1, and po. The most
significant bit of responseis the Sense (s) bit. The Sense bit is used to determine when the device will
assert its Parallel Poll response. Each bus device has an internal individual status (ist). The Parallel
Poll response is asserted when this ist equalsthe Sense bit value s. The ist isnormally alogic 1
when the device requires attention, so the s bit should normally also be alogic 1. If the s bitiso, then
the device assertsits Parallel Poll response whenitsist isalogic 0. That is, it does not require
attention. However, the meaning of ist can vary between devices, so refer to your |EEE 488 bus
device documentation. The remaining 3 bits of response: p2, p1, and po, specify which pro bus data
lineis asserted by the device in response to a Parallel Poll. These bits form a binary number with a
decimal value from o through 7, specifying datalines pxo1 through p1o8, respectively.

PPOLL DISABLE or PPD

SYNTAX PPOLL DISABLE addr[,addr...] Or PPD addr[,addr...]
addr isadevice address (primary with optional secondary) or an external device
name.
RESPONSE None
MODE CA
BUSSTATES | ATNeUNL, MTA, LAG, PPC, PPD
SEE AL SO PPOLL, PPOLL CONFIG, PPOLL UNCONFIG
EXAMPLE PRID;‘E#%IG”P:;?LL DISABLE  Disable Parallel Poll of devices 18, 6, and 13.

The proLL. DISABLE command disables the Parallel Poll response of selected bus devices.

PPOLL UNCONFIG or PPU

SYNTAX PPOLL UNCONFIG Of PPU

RESPONSE None

MODE CA

BUSSTATES | ATNePPU

SEE AL SO PPOLL, PPOLL CONFIG, PPOLL DISABLE
EXAMPLE PRINT#1, "PPOLL UNCONFIG"

The proLL UNCONFIG command disablesthe Parallel Poll response of all bus devices.

REMOTE

Bus Addresses Not Specified
SYNTAX REMOTE
RESPONSE None
MODE SC
BUSSTATES | REN
SEE ALSO Remote (Sub-Chapter 15B)
EXAMPLES | PRINT#1, "REMOTE" Assert Remote Enable
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Bus Addresses Specified
SYNTAX REMOTE addr[,addr...]
addr isadevice address (primary with optional secondary) or an external device
name.
RESPONSE None
M ODE SCeCA
BUSSTATES | REN, ATNeUNL, MTA, LAG
SEE ALSO LOCAL, LOCAL LOCKOUT, Remote (Sub-Chapter 15B)
EXAMPLES | PRINT#1,"REMOTEL6,28" | Assert REN and address devices 16 and 28 to
listen.

The rREMOTE command asserts the Remote Enable (REN) bus management line. If the optional bus
addresses are specified, REMOTE also address those devicesto listen, placing them in the Remote state.

REMOVE DEVICE

SYNTAX REMOVE DEVICE [[,]lname...]
name iS the external device to remove.
RESPONSE None
MODE Any
BUSSTATES | None
SEE AL SO MAKE DEVICE, KEEP DEVICE, REMOVE DOS NAME
EXAMPLES | PRINT#1, “REMOVE DEVICE DMM”

The REMOVE DEVICE command removes the specific temporary or permanent Driver488 device that
was created with either the MakE DEVICE command or the INSTALL program. This command also
removes a device that was made permanent through akeep pEvICE command. Notice that REMOVE
DEVICE cannot be used to remove devices having DOS names. The REMOVE DOS NAME command
must first be used to remove any associated DOS names from such devices before the devices are
removed viathe REMOVE DEVICE command.

REMOVE DOS NAME

SYNTAX REMOVE DOS NAME dosname

dosname iS the name of the Driver488 DOS device to remove.
RESPONSE None
M ODE Any
BUSSTATES | None
SEE AL SO MAKE DOS NAME, KEEP DOS NAME, REMOVE DEVICE
EXAMPLES | PRINT#1, “REMOVE DOS NAME METER”

The REMOVE DOS

NAME command removes the temporary or permanent Driver488 DOS device that

was created by either the MAKE Dos NaME command or the INSTALL program.

REQUEST

SYNTAX REQUEST[;] status
statusis the service REQUEST statusin the range 0 to 255.
RESPONSE None
MODE *Ca
BUSSTATES | SRQ if rsv is set
*SRQ if rsv is not set
SEE AL SO STATUS, CONTROL LINE, PPOLL CONFIG
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EXAMPLES | See next page.

EXAMPLES | PRINT#1, "REQUEST";64+2+4  Generate an SRQ (decimal 64) with DIO2
(decimal 2) and DIO3 (decimal 4) setin
the Serial Poll Response.

PRINT#1, "REQUEST 0" Clear SRQ and Serial Poll Response.

In Peripheral mode, Driver488 is able to request service from the Active Controller by asserting the
Service Request (srQ) bus signal. The REQUEST command sets or clears the Serial Poll status
(including Service Reguest) of Driver488. REQUEST takes a numeric argument in the decimal range
0 to 255 (hex range &HO to &HFF) that is used to set the Serial Poll status. When Driver488is Serial
Polled by the Controller, it returns this byte on the pxo datalines.

The data lines are numbered pzos through p1o1. D108 isthe most significant line and corresponds to
adecimal value of 128 (hex &H80). D107 isthe next most significant line and corresponds to a
decimal value of 64 (hex &H40). D107 hasaspecial meaning: It isthe Request for Service (rsv) bit. If
rsv IS Set, then Driver488 asserts the Service Reguest (srQ) bussignal. If bzo7 isclear (alogic 0),
then Driver488 does not assert srg. When Driver488 is Serial Polled, al eight bits of the Serial Poll
status are returned to the Controller. The rsv bit is cleared when Driver488 is Serial Polled by the
Controller. This causes Driver488 to stop asserting SrQ.

RESET
SYNTAX RESET
RESPONSE None
MODE Any
BUSSTATES | None
SEE ALSO ABORT, TERM, TIME OUT
EXAMPLE PRINT#1, ”RESET"

The RESET command provides awarm start of the interface. It is equivalent to issuing the following
command process, including clearing all error conditions:

1. sToP

2. DISARM

3. Reset hardware. (Resetsto Periphera if not System Controller)

4. aBoRT (if System Controller)

5. ERROR ON

6. FILLSO

7. LOCAL

8. REQUEST o (if Peripheral)

9. Clear change, Trigger, and clear event conditions.

10. Reset I/O adapter settingsto installed values. (TIME ouUT, INT LEVEL, and DMA CHANNEL)

RESUME

SYNTAX RESUME [MONITOR] [name]

name iseither an I/O adapter or an external device. If name isan external device,
then the device' s output terminators are used. If name isahardware interface,
then the default input terminators are used. If name is not specified, then
RESUME acts asif the hardware interface was specified.

MONITOR is aflag that when specified, Driver488 monitors the data.

RESPONSE None

MODE CA

BUSSTATES | *ATN

SEE AL SO FINISH

EXAMPLE PRINT4#1, "RESUME" Unassert Attention Line.
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The RESUME command unasserts the Attention (ATN) bussignal. Attention is normally kept asserted by
Driver488, but it must be unasserted to allow transfers to take place between two peripheral devices. In
this case, Driver488 sends the appropriate Talk and Listen addresses, and then must unassert
Attention with the RESUME command.

If MONITOR is specified, then Driver488 monitors the handshaking process but does not participate in
it. Driver488 takes control synchronously when the last terminator or o1 is encountered. At that
point, the transfer of data stops. The FINISH command must be called to assert Attention and release
any pending holdoffs to be ready for the next action.

SEND

SYNTAX SEND[;] subcommand [subcommand...]
RESPONSE None
M ODE CA (any subcommands)

Any (DATA and EOI subcommands only)

BUSSTATES | User-defined

SEE ALSO OUTPUT
EXAMPLES | PRINT#1,”SEND MTA UNL LISTEN16 DATA ‘T1SOR2X'”
isthe same as

PRINT#1,”OUTPUT16; TLSOR2X"
PRINT#1,”SEND CMD 128,0,10 DATA 156,35 EOI ‘ABC’'”

sends the following byte sequence:

Data ATN EQI
10000000 ATN *EOI
00000000 ATN *EOI
00001010 *ATN *EOI
10011100 *ATN *EOI
00100011 *ATN *EOI
01000001 *ATN *EOI
01000010 *ATN *EOI
01000011 *ATN EOI

The sENp command provides byte-by-byte control of data and command transfers on the bus and gives
greater flexibility than the other commands. This command can specify exactly which operations
Driver488 executes. The following subcommands are available within the sEND command:

SEND Subcommand Operation (Bus Command or Data Transfer)

UNT Send the Untalk bus command. ATN is asserted.

UNL Send the Unlisten bus command. ATN is asserted.

MTA Send the My Talk Address bus command. ATN is asserted.

MLA Send the My Listen Address bus command. ATN is asserted.

TALK addr Send the Talk Address Group (TAG) bus command. ATN is asserted.

LISTEN addr[,addr...] Send the Listen Address Group (LAG) bus command. ATN is asserted.

DATA {‘data’|number} Send character strings data or characters with numeric ASCII values char.
[,{'data’ |number}...] ATN unasserted.

EOI {‘data’|number} Send character strings data or characters with numeric ASCII values char.
[.{*data’ |number}...] ATN unasserted. EOI is asserted on the last character.

cMp {‘data’|number} Send character strings data or characters with numeric ASCII values char.
[,{‘data’ |number}...] ATN asserted.

The baTa, EoI and ¢Mb subcommands send data bytes or characters over the bus. The charactersto be
sent are specified either asa quoted string (*data’) or asindividual ASCII values

(number [, number. ..1). For example, DATA*ROX’ sends the charactersr, o, and x to the active
listeners, while paTa13, &H0A sends the carriage return and line feed. Multiple quoted strings or
ASCII valued bytes may be specified by separating them with commas. The Eox subcommand is
identical to the paTa subcommand except that the End-Or-Identify (Eox) signal is asserted on the
transfer of the last character.
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The cMp subcommand sends the data bytes with Attention (ATN) asserted. ThisaTn tells the bus
devices that the characters are to be interpreted as | EEE 488 bus commands, rather than as data. Eoz is
not asserted during cMp transfers. For example, cMp &H3F is the same as UnListen (unL). Notethat it
is not possible to assert Eox during the transfer of a command byte, because o1 and ATN together
specify Paralel Poll (PPoLL).

The maximum length of the sExp command, including any subcommands, is 255 characters. If large
amounts of data must be transferred using the seNp command, then multiple sENp commands must be
used so that they are each lessthan 255 characterslong. For example:

PRINT#1,”SEND UNT UNL MTA LISTEN 16 DATA 1,2,3,4,5,6”
is equivalent to:

PRINT#1,”SEND UNT UNL MTA LISTEN 16”
PRINT#1,”SEND DATA 1,2,3”
PRINT#1,”SEND DATA 4,5,6”

In thisway, along sEND command can be broken up into shorter commands.

SPOLL

SYNTAX SPOLL [addr]

addr isadevice address (primary with optional secondary) or an external device
name.

RESPONSE 0 or 64 (without addr)
Number in the range 0 to 255 (with addr)

MODE CA

BUSSTATES | ATNeUNL, MLA, TAG, SPE, *ATN, ATNeSPD, UNT

SEE AL SO SPOLL LIST, PPOLL

EXAMPLES | PRINT#1,”SPOLL 16" Serial Poll device 16
INPUT#2, SPSTAT Receive the SPOLL status
IF SPSTAT AND 64 THEN Test rov...
PRINT#1,” SPOLL” Check the SRQ status
INPUT#2, SRQ Receive the SRQ status
IF SRQ<>0 THEN If SRQ is asserted then ...

In Active Controller mode, the sporLL (Seria Poll) command performs a Serial Poll of the bus device
specified and responds with a number from o to 255 representing the decimal equivalent of the eight-
bit device response. If rsv (D107, decimal value 64) is set, then that device is signaling that it requires
service. The meanings of the other bits are device-specific.

Serial Polls are normally performed in response to assertion of the Service Request (srQ) bus signal by
some bus device. In Active Controller mode, with no bus address specified, the spoLL command
returns the internal srQ status. If theinternal srQ statusis set, it usually indicates that the srg lineis
asserted. Driver488 thenreturnsae4. If itisnot set, indicating that srq is not asserted, then
Driver488 returnsao.

In Peripheral mode, the sporLL command is issued without an address, and returns the Serial Poll
status. If rsv (D107, decimal value 64) is set, then Driver488 has not been Serial Polled since the
issuing last REQUEST command. The rsv isreset whenever Driver488 is Serial Polled by the
Controller.
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SPOLL LIST

SYNTAX SPOLL LIST [UNTIL RSV|WHILE SRQ|ALL] addr[, addr...]
addr isadevice name (primary with optional secondary) or an external device
name to be Serial Polled.
RESPONSE Number of devices serial polled followed by their responses
which are numbers in the range 0 to 255, separated by
commas .
MODE CA
BUSSTATES | ATNeUNL, MLA, TAG, SPE, *ATN, data, ATNeSPD, UNT
SEE AL SO SPOLL, PPOLL
EXAMPLES | PRINT#1,"SPOLL LIST ALL 16,17" Serial Poll devices 16 and 17.
INPUT#2, SPSTAT Receive the SPOLL status.
2,64,12 Device 16 responded with 64, and 17
responded with 12.
PRINT#1 “SPOLL LIST UNTIL RSV 16,17"  Serig Poll first device 16.
INPUT#2, SPSTAT Receive the SPOLL status.
1,64 Device 16 responded with 64.

sPoLL LIST performsa Serial Poll of one or more bus devices, and responds with the number of
devices actually polled and their individual responses. An optional flag specifies the criteria Driver488
should use to terminate scanning the list of devices.

If uNTIL RsVischosen, Driver488 Serial Pollsthe devices until the first device whose rsv bit is set,
isfound. If wHILE SRQ ischosen, Driver488 Seria Pollsthe devices until the srg bus signal becomes
unasserted. If aLL ischosen, all the devices are Seria Polled. The default isaLL.

STATUS

SYNTAX STATUS [name]
RESPONSE Character string as described below.
MODE Any
BUSSTATES | None
SEE AL SO ARM, SPOLL, GetError (Sub-Chapter 15B)
EXAMPLE PRINT#1, "STATUS" Read Driver488 status.
INPUT#2, A% Receive status.
PRINT A$ Display status.

The sTaTus command returns various items detailing the current state of Driverd88/DRV. They are
returned as one long character string, based on the following table:

STATUS Item

(Starting Cal., No. of Cals.)

Values and Description

Operating model (1,1)

C: Controller; P: Peripheral

System Controller (2,1)

s: System Controller; N: Not System Controller

Primary Bus Address (3,2)

00 to 30: Two-digit decima number

Secondary Bus Address (5,2)

00 to 31: Two-digit decimal number, or blank if no secondary address

Address Change (7,1)

0: Address change has not occurred; 1: Address change has occured

Addressed State (9,1)

T: Talker; L:Listener; I:ldle

ByteIn (10,1)

0: No bytein; 1:Bytein

ByteOut (11,1)

0: No byteout; 1: Byte out

Service Request (12,1)

0: SRQisnot asserted.; 1: SRQ isasserted.

Error Code (14,3)

nnn: Three-digit error code

Triggered (18,2)

TO: Trigger command not received; T1: Trigger command received

Cleared (21,2)

€0: Clear command not received; ¢1: Clear command received.

Transfer in Progress (24,2)

PO: Notransfer inprogress, P1: Transfer in progress

Error Message (27,x)

Text of error message (x = variable text)
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These sTaTus items are more-fully described in the following paragraphs:

The Operating Mode (c or P) indicates whether or not Driver488 is the Active Controller. If
Driver488 passes control to another device, the Operating Mode indicator changes from c to p.
When Driver488 regains control, the indicator is ¢ again. If Driver488 is not the System
Controller, itisinitially a Peripheral and thustheindicator ise. It does, of course, become ¢ when
Driver488 receives control from the Active Controller.

The System Controller Mode (s or N) indicates whether or not Driver488 is the System Controller.
If Driver488 is System Controller, the System Controller Mode indicator is s. If Driver488 is not
System Controller, then the System Controller Mode indicator isN. The System Controller Mode
may be configured from the INsTALL program or with the sYs CONTROLLER command.

The Primary Bus Address (00 to 30) isthe |EEE 488 bus device primary address assigned to
Driver488 or the specified device. The Secondary Bus Address (00 to 31) isthe |IEEE 488 bus
device secondary address assigned to the specified device. If thereis no secondary address, this
field is blank.

The Address Change (0 or 1) indicator is set whenever Driver488 become a Talker, Listener, or
the Active Controller, or when it becomes no longer a Talker, Listener, or the Active Controller. It
isreset when sTaTus isread. The Addressed State (T, L, or 1) isthe current Talker/Listener state
of Driverd88. AsaPeripheral, Driver488 can check this statusto seeif it has been addressed to
Talk or addressed to Listen by the Active Controller. In thisway, the desired direction of data
transfer can be determined.

The Byteln (0 or 1) indicator is set when the I/O adapter has received a byte that can be read by an
ENTER command. The ByteOut (0 or 1) indicator is set when the 1/O adapter is ready to output
data. The Service Request (0 or 1) field, as an Active Controller, reflects the IEEE 488 bus srQ
linesignal. Asaperipheral, this status reflects the rsv bit that can be set by the REQUEST
command and is cleared when the Driver488 is Serial Polled (spoLL).

The Error Code (000) indicator appears when no error has occurred. If it isnon-zero, then the
Error Message (see below) is appended to the sTaTUs response. The Error Codeisreset to 000
when sTaTUS isread.

The Triggered (To or T1) and Cleared (co or ¢1) indicators are set when, as a Peripheral,
Driver488 istriggered or cleared. These two indicators are cleared when sTaTus isread. The
Transfer in Progress (p1) indicator is set when a cONTINUE transfer isin progress. The Triggered
and Cleared indicators are not updated while CONTINUE transfers (p1) arein progress.

The Error Message is a variable text description of the error status. For more details about the
individual errors, refer to Chapter 19 “Error Messages.”

The standard default setting yields the following power-up status response:

Cs21 1 1000 000 TO CO PO OK

where the following indicators describe each component of the Driver488/DRV status:

Indicator | Driver488/DRV Status

c It isin the Controller state.
S It is the System Controller.
21 The value of its |EEE 488 bus address.
1 An Address Change has occurred.
I Itis|dle (neither a Talker nor a Listener).
0 Thereisno ByteIn available.
Y It is not ready to send aByteOut.
0 Service Request (SRQ) is not asserted.
000 Thereis no outstanding error.
TO It has not received a bus device TRIGGER command (only applicablein the Peripheral mode).
co It has not received a CLEAR command (only applicable in the Peripheral mode).
PO NO CONTINUE transfer isin progress.
OK The error messageis“ OK”.
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STOP

SYNTAX STOP [name]
RESPONSE None
MODE Any

BUSSTATES | ATN (Controller)

None (Peripheral)
SEE ALSO ENTER, OUTPUT, BUFFERED, STATUS
EXAMPLE PRINT#1, "STOP"

The sTop command halts any coNTINUE transfer that may be in progress. If the transfer has
completed already, then sTop has no effect. The actual number of characters transferred is available
from the BUFFERED command.

SYS CONTROLLER

SYNTAX SYS CONTROLLER [OFF|ON]
RESPONSE None
MODE Any

BUSSTATES | IFC if System Controller

SEE ALSO ABORT, RESET
EXAMPLES PRINT#1”SYS CONTROLLER OFF”

The sYs coNTROLLER command specifies whether or not the IEEE 488 interface card isto be the
System Controller. The System Controller has ultimate control of the |EEE 488, and there may be only
one System Controller on a bus.

If Driver488is a Peripheral (that is, not System Controller), it may still take control of bus transactions
if the Active Controller passes control to Driver488. Driver488 may then control the bus and, when it
is done, pass control back to the System Controller or other computer, which then becomes the Active
Controller.

TERM

SYNTAX TERM[;] [devicename] [IN|OUT]term[term] [EOI]

devicename refersto an externa device name.

IN or ouT specifies whether the input or output terminators are being set. If
neither IN nor ouT is specified, then both terminators are set identically.

termisone of CR, LF, $char, Or X, specifying aterminator character.

RESPONSE None

M ODE Any

BUSSTATES | None

SEE AL SO EOL, ENTER, OUTPUT, STATUS

EXAMPLES | PRINT#1,"TERM CR LF EOI" Set both input and output bus terminators to

carriage return line feed, with EOI sent

on output and detected on input.
PRINT#1, "TERM OUT LF EOI"  Set output term to LF with EOI.
PRINT#1,"TERM IN ‘Z" Set businput term to the letter “Z”.
PRINT#1, "TERM OUT $0 EOI"  Set output termto NULL with EOI.

The TERM command sets the end-of -line (BoL) terminators for input from, and output to, the 1/0
adapter devices. All output to 1/0 adapter devices, except OUTPUT #count and

OUTPUT #count BUFFER, iSterminated by the bus output terminator. All ENTER input from 1/0O
adapter devices, except ENTER #count and ENTER #count BUFFER, must be terminated by the bus
input terminator.

[11-310

Personal488 User’s Manual, Rev. 3.0

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



I1l. COMMAND REFERENCES - 15. Command References 15A. Driver488/DRV Commands

During ouTpuT, Driver488 takes the EoL terminator it receives from the user’s program, and replaces
it with the bus output terminator before sending it to the I/O adapter device. Conversely, when
Driver488 receives the bus input terminator, it replaces it with the EoL input terminator before
returning it to the user’s program. The default terminators for both input and output are normally

CR LF EOI, whichisappropriate for most bus devices.

EoI has adifferent meaning when specified for input than when it is specified for output. During input,
EOI specifiesthat input is terminated on detection of the Eox bus signal, regardless of which characters
have been received. During output, Eox specifiesthat the Eo1 bus signal isto be asserted during the
last byte transferred.

TIME OUT

SYNTAX TIME OUT [devicename] nl[.[n] [n] [n]]

devicename iSthe name of the external device.

nl. [n] [n] [n1], thetime out value, isthe number of secondsto alow in the
range of 0.000 t0 65535.999. If zero is specified, ignore time outs. A
leading 0 must be used for time out intervals below 1.000 second.

RESPONSE None

M ODE Any

BUSSTATES | None

SEE AL SO RESET, MAKE DEVICE

EXAMPLES | PRINT#1,"TIME OUT10" Reset to default (10 seconds).
PRINT#1, "TIME OUTO0.5" Set time out interval to one-half second.
PRINT#1,"TIME OUT3600" Wait an hour before atime out error.
PRINT#1, "TIME OUTO" |gn0re time outs.

TheTiME ouT command setsthe number of seconds that Driver488 waits for a transfer before
declaring atime out error. Driver488 checks for time out errors on every byte it transfers, except in the
case of coNTINUE transfers. While the first byte of a coNTINUE transfer is checked for time out errors,
subsequent bytes are not. The user’s program must check for timely completion of a CONTINUE
transfer.

Time out checking may be suppressed by specifying time out after zero seconds. The default time out
is10 seconds. Thetime out interval may be specified to the nearest 0.001 seconds. However, dueto
the limitations of the computer, the actual interval is always a multiple of 0. 055 seconds (55
milliseconds) and there is an uncertainty of 0.055 seconds in the actual time out interval. Time out
intervalsfrom 0.010 to 0.110 seconds are rounded to 0.110 seconds. Larger intervals are rounded
to the nearest multiple of 0.055 seconds(e.g., 0.165, 0.220, 0.275 seconds, etc.).

TRIGGER

SYNTAX TRIGGER [addr[,addr...]]

addr isadevice address (primary with optional secondary) or an external device
name to be triggered.

RESPONSE None

MODE ca

BUSSTATES | ATNeGET (without addr)

ATNeUNL, MTA, LAG, GET (with addr)

SEE AL SO STATUS, SEND, TriggerList (Sub-Chapter 15B)
EXAMPLES | PRINT#1, "TRIGGER" Trigger all current listeners.
PRINT#1, "TRIGGER02,04,16" |ssue Group Execute Trigger (GET) to

devices 2, 4, and 16.
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The TRIGGER command issues a Group Execute Trigger (GET) bus command to the specified devices.
If no addresses are specified, then the GeT only affects those devices that are already in the Listen state
as aresult of a previous ouTPUT Of SEND command.

WAIT
SYNTAX WAIT
RESPONSE None
MODE Any
BUSSTATES | Determined by previous ENTER or OUTPUT command
SEE AL SO ENTER, OUTPUT, BUFFERED, STATUS
EXAMPLE PRINT#1, "WAIT" Wait for CONTINUE transfer to be done.

ThewazT command causes Driver488 to wait until any coNTINUE transfer has completed, before
returning to the user’s program. It can be used to guarantee that the data has actually been received
before beginning to processit, or that it has been sent before overwriting the buffer. It isespecially
useful with ENTER when aterminator has been specified. In that case, the amount that is actually
received is unknown, and so the user’s program must check with Driver488 to determine when the
transfer isdone. Time out checking, if enabled, is performed whilewazTing.
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15B. Driver488/SUB, W31, W95, & WNT Commands

This Sub-Chapter contains command reference for Driver488/SUB, Driver488/W31, Driver488/\W95,
and Driver488/WNT, using the C language. The commands are presented in alphabetical order on the
following pages for ease of use. For more information on the format of the command descriptions, turn
to the Sub-Chapter “Command Descriptions’ of Chapter 9.

Note: The differences among Driver488 for Windows 3.x, Windows 95 and Windows NT are
dlight. However, because additional changes are being madeto Driver 488/W95 and
Driver488/WNT at the time thismanual is being revised, refer to your operating system
header file (and README . TXT text file, if present) to obtain the current material on these
driver versions.

| Bus Management Commands Page | | Low-Level Bus Commands Page |
Abort 111-313 Listen 111-329
AutoRemote 111-314 MyL.istenAddr 111-331
CheckListener 111-315 MyTalkAddr 111-331
ControlLine (Driver488/SUB only) 111-317 SendCmd 111-344
ControlLine (Driver488/W31, W95) 111-318 SendData 111-344
FindListeners 111-325 SendEoi 111-345
Lol 111-330 Talk 111-348
PassControl 111-340 UnListen 111-351
PPollConfig 111-340 UnTalk 111-351
PPollDisable 111-341
PPollDisableList 111-341 | Event Handling Commands Page |
PPollUnconfig 111-341 Arm 111-313
Request 111-343 Disarm 111-318
Reset 111-343 OnEvent (Driver488/SUB only) 111-331
OnEvent (Driver488/W31, W95) 111-332
Instrument Management Page OnEventVDM (Driver488/W95) 111-333
Commands
Clear 111-316
ClearList 111-316 | 1/0 Management Commands Page |
Local 111-329 Buffered 111-314
LocalList 111-329 Finish 111-325
Remote 111-342 Resume 111-344
RemoteL.ist 111-342 Stop 111-348
Trigger 111-350 Wait 111-352
TriggerList 111-351
| Interface Management Commands Page |
| Device Management Commands Page | ClockFrequency 111-316
BusAddress 111-315 DmaChannel 111-319
Close 111-317 IntLevel 111-327
KeepDevice 111-328 I0Address 111-328
MakeDevice 111-330 LightPen 111-328
MakeNewDevice 111-330 SysController 111-348
OpenName 111-334 Term 111-349
RemoveDevice 111-342 TermQuery 111-349
TimeOut 111-350
| Device I/O Commands Page | TimeOutQuery 111-350
Enter (Controller Mode) 111-319
Enter (Peripheral Mode) 111-321 | Error Management Commands Page |
Enterl (Controller Mode) 111-322 Error 111-324
Enterl (Peripheral Mode) 111-324 GetError 111-326
Output (Controller Mode) 111-334 GetErrorList 111-326
Output (Peripheral Mode) 111-336
Outputl (Controller Mode) 111-337 | Miscellaneous Commands Page |
Outputl (Peripheral Mode) 111-339 Hello 111-327
PPoll 111-340 Status 111-346
SPoll 111-345
SPollList 111-346
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Abort

SYNTAX int pascal Abort (DevHandleT devHandle) ;

devHandle refersto either an |EEE 488 hardware interface or an external device.
If devHandle refersto an external device, the abort command will act on
the hardware interface to which the external device is attached.

RETURNS -1 if error

MODE SC or *SCeCA

BUSSTATES | IFC, *IFC (SC)

ATNeMTA (*SCCA)

SEE AL SO SysController
EXAMPLE errorflag = Abort(ieee);

Asthe System Controller (sc), whether Driver488 is the Active Controller or not, the aAbort command
causes the Interface Clear (1Fc) bus management line to be asserted for at least 500 microseconds. By
asserting 1Fc, Driver488 regains control of the bus even if one of the devices haslocked it up during a
datatransfer. Asserting IFc also makes Driver488 the Active Controller. If a Non System Controller
was the Active Controller, it is forced to relinquish control to Driver488. abort forcesall |IEEE 488
deviceinterfaces into a quiescent state.

If Driver488 isaNon System Controller in the Active Controller state (*sceca), it asserts Attention
(aTN), which stops any bus transactions, and then sendsits My Talk Address (MTa) to “Untalk” any
other Talkers onthe bus. It does not (and cannot) assert 1Fc.

Arm

SYNTAX int pascal Arm(DevHandleT devHandle, ArmCondT condition);
devHandle refersto either an |EEE 488 hardware interface or an external device.
If devHandle refersto an external device, the Arm command acts on the

hardware interface to which the external deviceis attached.

condition isone of thefollowing: acError, acSRQ, acPeripheral,
acController, acTrigger, acClear, acTalk, acListen,

acIdle, acByteIn, acByteOut, O acChange.

RETURNS -1 if error

MODE Any

BUSSTATES | None

SEE ALSO Disarm, OnEvent, LightPen

EXAMPLE errorflag = Arm(ieee, acSRQ|acTrigger|acChange);

The following arm conditions are supported:

Condition Description

acSRQ The Service Reguest buslineis asserted.

acPeripheral An addressed status change has occurred and the interface is a Peripheral.

acController An addressed status change has occurred and the interface is an Active Controller.

acTrigger The interface has received adevice Trigger command.

acClear The interface has received adevice Clear command.

acTalk An addressed status change has occurred and the interface is a Talker.

acListen An addressed status change has occurred and the interface is a Listener.

acIdle An addressed status change has occurred and the interface is neither Talker nor Listener.

acByteIn The interface has recelved a data byte.

acByteOut The interface has been configured to output a data byte.

acError A Driver488 error has occurred.

acChange The interface has changed its addressed status. Its Controller/Peripheral or
Talker/Listener/Idle states of the interface have changed.

111-314

Personal488 User’s Manual, Rev. 3.0

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



1. COMMAND REFERENCES - 15. Command References 15B. Driver488/SUB, W31, W95, & WNT

The arm command allows Driver488 to signa to the user specified function when one or more of the
specified conditions occurs. arm sets a flag corresponding to each implementation of the conditions
indicated by the user. Arm conditions may be combined using the bitwise or operator.

Once an interrupt is armed, it remains armed until it ispisarmed, or until Driver488 isreset. BASIC
automatically suppresses light pen interrupt detection during the execution of an interrupt service
routine, so the interrupt service routine is never re-entrantly invoked. Inlanguages that explicitly poll
the light pen status, polling should not be done during the interrupt service routine.

If Pascal or Cisbeing used, the onEvent function must be called. Thisfunction acts similar to the
oN PEN command in BASIC. When the armed condition occurs, the onEvent function calls a
function specified by the user.

AutoRemote
SYNTAX int pascal AutoRemote (DevHandleT devHandle, bool flag);
devHandle refersto either an |EEE 488 hardware interface or an external device.
If devHand1e refersto an external device, the AutoRemote command acts on
the hardware interface to which the external deviceis attached.
flag may be either oFF or oN
RETURNS -1 if error.
When the flag is non-zero, AutoRemote is enabled; a zero flag
disables the function.
M ODE sC
BUSSTATES | None
SEE AL SO Local, Remote, Enter (see EnterX), Output (see OutputX)
EXAMPLE errorcode = AutoRemote (ieee,ON) ;

The AutoRemote command enables or disables the automatic assertion of the Remote Enable (REN)
line by output. When autoRemote isenabled, output automatically asserts REN before transferring
any data. When autoRemote is disabled, there is no change to the REN line. AutoRemote iSON by

default.
Buffered
SYNTAX long pascal Buffered(DevHandleT devHandle) ;
devHandle refersto either an |EEE 488 hardware interface or an external device.
If devHandle refersto an external device, the Buf fered command acts on the
hardware interface to which the external deviceis attached.
RETURNS -1 if error, otherwise long integer from 0 to 1,048,575(22°-1)
MODE Any
BUSSTATES | None
SEE AL SO Enter (see EnterX), Output (see OutputX)
EXAMPLE result = Buffered(ieee);
printf (*%1ld bytes were received.”,result);

The Buf fered command returns the number of characters transferred by the latest Enter, output,
SendData, Or SendEoi command. If an asynchronous transfer isin progress, the result is the number
of characters that have been transferred at the moment the command isissued. Thiscommand is most
often used after acounted Enter, EnterN, EnterNMore, €tC., to determine if the full number of
characters was received, or if the transfer terminated upon detection of term. Itisalso used to find out
how many characters have currently been sent during an asynchronous DMA transfer.
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BusAddress

SYNTAX int pascal BusAddress (DevHandleT devHandle, char primary,
char secondary) ;
devHandle refersto either an |EEE 488 hardware interface or an external device.
primary iSsthe |EEE 488 bus primary address of the specified device.
secondary isthe |[EEE 488 bus secondary address of the specified device. If the
specified deviceis an | EEE 488 hardware interface, this value must be -1
since there are no secondary addresses for the |EEE 488 hardware interface.
For no secondary address, a -1 must be specified.
RETURNS -1 if error
MODE Any
BUSSTATES | None
SEE ALSO MakeDevice
EXAMPLE errorcode = BusAddress (dmm,14,0);

The Busaddress command sets the | EEE 488 bus address of the IEEE 488 hardware interface or an
external device. Every |EEE 488 bus device has an address that must be unique within any single
|EEE 488 bus system. The default IEEE 488 bus address for Driver488 is 21, but this may be changed
if it conflicts with some other device.

CheckListener
SYNTAX int pascal CheckListener (DevHandleT devHandle, char primary,
char secondary);
devHandle refersto either an |EEE 488 hardware interface or an external device.
If devHandle refersto an external device, the checkListener command
acts on the hardware interface to which the external device is attached.
primary isthe primary bus address to check for aListener (00 to 30)
secondary isthe secondary bus address to check for a Listener (00 to 31). For
no secondary address, a -1 must be specified
RETURNS -1 if error,
otherwise it returns a 1 if a listener was found at the
specified address and a 0 if a listener was not found at
the specified address.
MODE CA
BUSSTATES | ATNeMTA, UNL, LAG, (check for NDAC asserted)
SEE ALSO FindListener, BusAddress
EXAMPLE result = CheckListener (ieee,15,4);

if (result == 1)

{

printf (“Device found at specified address.\n”);

}

if (result == 0)

{

printf (“Device not found at specified address.\n”);
}

The checkListener command checks for the existence of a device on the | EEE 488 bus at the

specified address.
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Clear
SYNTAX int pascal Clear (DevHandleT devHandle) ;
devHandle refersto either an |EEE 488 hardware interface or an external device.
If devHandle refersto a hardware interface, then a Device Clear (DcL) is
sent. If devHandle refersto an external device, a Selected Device Clear
(spC) issent.
RETURNS -1 if error
M ODE CA
BUSSTATES | ATNeDCL (all devices)
ATNeUNL, MTA, LAG, SDC (selected device)
SEE AL SO Reset, ClearList
EXAMPLES | errorcode = Clear(ieee); Sends the Device Clear (DCL) command to the
interface board
errorcode = Clear (wave) Sends the Selected Device Clear (SDC) command to
the WAVE
errorcode = Clear (dmm) Sends the Selected Device Clear (SDC) command to
the DMM

The cl1ear command causes the Device Clear (pcL) bus command to be issued to an interface or a
Selected Device Clear (spc) command to be issued to an external device. |EEE 488 bus devices that
receive a Device Clear or Selected Device Clear command normally reset to their power-on state.

ClearList

SYNTAX int pascal ClearList (DevHandlePT devHandles) ;

devHandles isapointer to alist of device handles that refer to external devices.

If ahardware interfaceisin thelist, pcw is sent instead of spc.

RETURNS -1 if error
M ODE CA
BUSSTATES | ATNeDCL (all devices)

ATNeUNL, MTA, LAG, SDC (selected device)
SEE ALSO Clear, Reset
EXAMPLES deviceList[0] = wave; Sends the Selected Device Clear
devicelist[1] = scope; (SDC) command to alist of
deviceList[2] = dmm; devices.
deviceList[3] = NODEVICE;

errorcode = ClearList(devicelist);

The clearList command causes the Selected Device Clear (spc) command to be issued to alist of
external devices. |EEE 488 bus devices that receive a Selected Device Clear command normally reset
to their power-on state.

ClockFrequency

Driver488/SUB and Driver488/W31 only

SYNTAX int pascal ClockFrequency (DevHandleT devHandle, int freq);
devHandle refersto either an IEEE 488 Interface or an external device. If
devHandle refersto an external device, the clockFrequency command acts
on the hardware interface to which the external device is attached.
freq isthe actual clock rate rounded up to the nearest whole number of MHz.
RETURNS -1 if error
M ODE Any
BUSSTATES | None
SEE AL SO Reset
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| EXAMPLE

| errorcode = ClockFrequency(ieee, 8);

The clockFrequency command specifies the |IEEE 488 adapter internal clock frequency. The clock
frequency depends upon the design and jumper settings of the interface board. The specified clock

frequency must be the actual clock rate in megahertz (MHz) rounded up to the nearest whole number of

megahertz. The MP488 and MP488CT boards use a fixed clock frequency of 8 MHz.

Note:  Thiscommand is not applicable to the NB488.
Close
SYNTAX int pascal Close(DevHandleT devHandle) ;
devHandle refersto either an |EEE 488 interface or an external device.
RETURNS -1 if error
MODE Any
BUSSTATES | Completion of any pending I/O activities
SEE ALSO OpenName, MakeDevice, Wait
EXAMPLE errorcode = Close(wave) ;

The c1ose command waits for 1/0O to complete, flushes any buffers associated with the device that is
being closed, and then invalidates the handl e associated with the device.

ControlLine

Driver488/SUB only

SYNTAX int pascal ControlLine (DevHandleT devHandle) ;
ControlLine returnsabit mapped number.
devHandle refersto the I/O adapter. |f devHandle refersto an external device,
the controlLine command acts on the hardware interface to which the
external device is attached.
RESPONSE -1 if error,
otherwise, a bit mapped integer indicating the value of the
control lines.
MODE Any
BUS STATES | None
SEE ALSO TimeOut
EXAMPLES result = ControlLine(ieee);
printf (“The response is %X\n”,result);

The controlLine command may be used on either |IEEE 488 devices or Seria devices. If the device
specified is an |EEE 488 device, this command returns the status of the |EEE 488 bus control lines as
an 8-bit unsigned value (bits 2 and 1 are reserved for future use), as shown below:

8

7 6 5 4 3 2 1

EOI

SRQ NRFD NDAC DAV ATN 0 0

If the device refersto a Serial device, this command returns the status of the Serial port control lines as
an 8-bit unsigned value (bits 8 and 7 are reserved for future use), as shown below:

8

7 6 5 4 3 2 1

0

0 DSR RI DCD CTS DTR RTS

A fuller description of the above bus line abbreviations are provided below:
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BusState BusLines Data Transfer (DIO) Lines
8 7 6 5 4 3 2 1
|EEE 488 I nterface
ATN Attention (& H04) 0 0 0 0 0 1 0 0
EOI End-Or-Identify (& H80) 1 0 0 0 0 0 0 0
SRQ Service Reguest (& H40) 0 1 0 0 0 0 0 0
DAV DataValid (&H08) 0 0 0 0 1 0 0 0
NDAC Not Data Accepted (& H10) 0 0 0 1 0 0 0 0
NRFD Not Ready For Data (& H20) 0 0 1 0 0 0 0 0
Serial Interface
DTR Data Termina Ready (&HO02) 0 0 0 0 0 0 1 0
RI Ring Indicator (& H10) 0 0 0 1 0 0 0 0
RTS Request To Send (& HO1) 0 0 0 0 0 0 0 1
CTS Clear To Send (&H04) 0 0 0 0 0 1 0 0
DCD Data Carrier Detect (& HO8) 0 0 0 0 1 0 0 0
DSR Data Set Ready (&H?20) 0 0 1 0 0 0 0 0
ControlLine
Driver488/W31 and Driver488/W95 only
SYNTAX int pascal ControlLine(DevHandleT devHandle) ;
ControlLine returns abit mapped number.
devHandle refersto the 1/O adapter. If devHandle refersto an external device,
the controlLine command acts on the hardware interface to which the
external deviceis attached.
RESPONSE -1 if error,
otherwise, a bit mapped integer indicating the value of the
control lines.
MODE Any
BUSSTATES | None
SEE ALSO TimeOut, ControlLine (Driver488/SUB only)
EXAMPLES result = ControlLine (ieee);
printf (“The response is %X\n”,result);

The controlLine command appliesto IEEE 488 devicesonly. It returns the status of the | EEE 488
bus control lines as an 8-bit unsigned value (bits 2 and 1 are reserved for future use), as shown below:

8 7 6 5 4 3 2 1
EOI SRQ NRFD NDAC DAV ATN 0 0
Disarm
SYNTAX int pascal Disarm(DevHandleT devHandle, ArmCondT condition);
devHandle refersto either an |EEE 488 interface or an external device. If
devHandle refersto an external device, then the pisarm command acts on
the hardware interface to which the external device is attached.
condition specifies which of the conditions are no longer to be monitored. If
condition is 0, then all conditions are pisarmed.
RETURNS -1 if error
MODE Any
BUS STATES | None
SEE AL SO Arm, OnEvent, LightPen
EXAMPLES errorcode=Disarm(ieee, acTalk|acListen|acChange) ;
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| errorcode=Disarm(ieee,0) ; |

The pisarm command prevents Driver488 from setting the light pen status or invoking an event
handler and interrupting the PC, even when the specified condition occurs. The user’s program can
still check for the condition by using the status command. If the Disarm command isinvoked
without specifying any conditions, then all conditions are disabled. The arm command may be used to
re-enable interrupt detection.

DmaChannel

Driver488/SUB and Driver488/W31 only

SYNTAX int pascal DmaChannel (DevHandleT devHandle, int channel);
devHandle refersto either an |EEE 488 interface or an external device. If
devHandle refersto an external device, the bmachannel command acts on
the hardware interface to which the external deviceis attached.
channel iSthe DMA channel to be used by the I/O adapter, or -1 for NONE.
RESPONSE -1 if error
MODE Any
BUSSTATES | None
SEE ALSO IntLevel, TimeOut
EXAMPLE errorcode = DmaChannel (ieee, 5);

The bmachannel command specifies which DMA channdl, if any, isto be used by the I/O interface
card. The PC hasfour DMA channels, but channel o isused for memory refresh and is not available
for peripheral datatransfer. Channel 2 isusually used by the floppy-disk controller and isaso
unavailable. Channel 3 isused by the hard disk controller in PCs, but isusually not used in AT
compatible machines. So, channel 1 (and possibly channel 3) isavailable for DMA transfers. The AT
compatible computers have three 16-bit DMA channels: 5, 6, and 7. The MP488CT, MP488, and
ATA488 interfaces can use these channels for high speed transfer. The bmachannel value must match
the hardware jumper settings on the I/O adapter card.

Note:  Thiscommand is not applicable to the NB438.

Enter (Controller Mode)

EnterX
SYNTAX long pascal EnterX(DevHandleT devHandle, char *data,long
count,bool forceAddr,TermT*term,bool async,int *compStat) ;
devHandle refersto either an IEEE 488 interface or an external device.
data isapointer to the buffer into which the datais read.
count isthe number of charactersto read.
forceAddr is used to specify whether the addressing control bytes are to be
issued for each Enterx command.
term iSapointer to aterminator structure that is used to set up the input
terminators. If term isset to 0, the default terminator is used.
async isaflag that allows asynchronous data transfer.
compStat iSapointer to an integer containing completion status information.
RETURNS -1 if error,
otherwise, the number of bytes transferred. The memory buffer
pointed to by the data parameter is filled in with the
information read from the device.
M ODE CA
BUSSTATES | ATNeUNL, MLA, TAG, *ATN, data (With external device handle)
*ATN, data (With interface handle)
SEE ALSO OutputX, Term, EOL, Buffered
EXAMPLE See next page.
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EXAMPLE term.EOI = TRUE;

term.nChar = 1;
term.EightBits = TRUE;
term. termChar[0] = ‘\r’;

bytecount=EnterX(timer,data,1024,0,&term, 1, &stat) ;

The Enterx command reads data from the 1/O adapter. If an external device is specified, then
Driver488 is addressed to Listen, and that device is addressed to Talk. If an interface is specified, then
Driver488 must already be configured to receive data and the external device must be configured to
Talk, either as aresult of an immediately preceding Enterx command or as aresult of one of the send
commands. EnterX terminates reception on either the specified count of bytes transferred, or the
specified or default terminator being detected. Terminator characters, if any, are stripped from the
received data before the Enterx command returns to the calling application.

The forceaddr flag is used to specify whether the addressing control bytes are to be issued for each
Enterx command. If the device handle refersto an 1/O adapter, then forceaddr has no effect and
command bytes are not sent. For an external device, if forceaddr is TRUE then Driver488 always
sends the uNL, MLA, and TaG command bytes. If forceaddr iSFALSE, then Driver488 compares the
current device with the previous device that used that interface adapter board for an Enterx command.
If they are the same, then no command bytes are sent. If they are different, then Enterx acts asif the
forceaddr flag were TRUE and sends the command bytes. The forceaddr flagisusually set TRUE
for the first transfer of data from a device, and then set FaLsE for additiona transfers from the same
block of data from that device.

Additional Enter Functions

Driver488 provides additional Enter routines that are short form versions of the Enterx function.
The additional Enter functions are: Enter, EnterN, EnterMore, and EnterNMore. These functions
are discussed in detail below:

Enter
SYNTAX long pascal Enter (DevHandleT devHandle, char *data)

REMARKS Enter iSequivalent to the following call to Enterx:
EnterX (devHandle,data,sizeof (data),1,0L,0,0L) ;

The Enter function passes the device handle and a pointer to the data buffer to the Enterx function.

It determines the size of the data buffer provided by the user and passes that value as the count
parameter. It specifies forceaddr iS TRUE, causing Driver488 to re-address the device. The default
terminators are chosen by specifying a 0 asthe term parameter. Asynchronous transfer is turned off by
sending o for the async parameter, and the completion status value isignored by sending o for the
compStat parameter.

EnterN

SYNTAX long pascal EnterN(DevHandleT devHandle,char *data,int count)

REMARKS EnterN isequivalent to the following call to EnterX:
EnterX (devHandle, data, count,1,0L,0,0L) ;

The EnterN function passes the device handle, the pointer to the data buffer, and the size of the data
buffer to the Enterx function. It specifies forceaddr is TRUE, causing Driver488 to re-address the
device. The default terminators are chosen by specifying a 0 pointer asthe term parameter.
Asynchronous transfer is turned off by sending o for the async parameter, and the completion status
valueisignored by sending o for the compstat parameter.

EnterMore
SYNTAX long pascal EnterMore (DevHandleT devHandle,char *data)

REMARKS EnterMore iS equivalent to the following call to Enterx:
EnterX (devHandle,data,sizeof (data),0,0L,0,0L);
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The EnterMore function passes the device handle and the pointer to the data buffer to the Enterx
function. It determines the size of the data buffer provided by the user and passes that value as the
count parameter. It specifies forceaddr isFALSE, therefore Driver488 does not address the device
if it isthe same device as previously used. The default terminators are chosen by specifying a o asthe
term parameter. Asynchronous transfer isturned off by sending o for the async parameter, and the
completion status value isignored by sending o for the compStat parameter.

EnterNMore
SYNTAX long pascal EnterNMore (DevHandleT devHandle,char *data,int
count) ;
REMARKS EnterNMore IS equivalent to the following call to Enterx:
EnterX (devHandle,data,count,0,0L,0,0L) ;

The EnterNMore function passes the device handle, the pointer to the data buffer, and the size of the
data buffer to the Enterx function. It specifies forceaddr is FALSE; therefore, Driver488 does not
address the deviceif it is the same device as previoudly used. The default terminators are chosen by
specifying a o asthe term parameter. Asynchronous transfer is turned off by sending o for the async
parameter, and the completion status value isignored by sending o for the compstat parameter.

Enter (Peripheral Mode)

EnterX

SYNTAX long pascal EnterX(DevHandleT devHandle, char *data, long
count,bool forceAddr,TermT*term,bool async,int *compStat) ;

devHandle refersto either an |EEE 488 interface or an external device.

data isapointer to the buffer into which the datais read.

count isthe number of charactersto read.

forceAddr isignored.

term iSsapointer to aterminator structure that is used to set up the input
terminators. If term isset to 0, the default terminators are used.

async isaflag that allows asynchronous data transfer.

compStat iSapointer to an integer containing completion status information.

RETURNS -1 if error,

otherwise, the number of bytes transferred. The memory buffer
pointed to by the data parameter is filled in with the
information read from the device.

MODE *CA
BUSSTATES | Determined by the Controller
SEE ALSO Output, Term, Buffered, EOL (Sub-Chapter 153)
EXAMPLE term.EOI = TRUE;
term.nChar = 1;
term.EightBits = TRUE;
term.termChar[0] = ‘\r’;

bytecount=EnterX(timer,data,1024,0,&term, 1, &stat) ;

In Peripheral mode, the Enterx command receives data from the 1/O adapter under control of the
Active Controller. The Active Controller must put Driver488 into the Listen state and configure some
bus device to provide Driver488 with data. The Listen state can be checked with the status
command, or can cause an interrupt with the arm command. A time-out error occurs (if enabled) if
Driver488 does not receive a data byte within the time out period after issuing the Enterx command.

Additional Enter Functions

Driver488 provides additional Enter routinesthat are short form versions of the Enterx function.
The additional Enter functions are: Enter and EnterN. In Peripheral mode, the device handle must
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always refer to an |/O adapter, and the forceaddr flag isignored. Thus, EnterMore iSeguivalent to
Enter, and EnterNMore IS equivaent to EnterN.

Enterl (Controller Mode)

Driver488/W31 (Visua Basic only)

EnterXIl
SYNTAX EnterXI (ByVal devHandle% ,data%, ByVal count&, ByVal
forceAddr%, Term As terms, ByVal async%, compStat%)As Long

devHandle% refersto either an IEEE 488 interface or an external device.

datas isthefirst element in an integer array into which the datais read.

counté& iSthe number of charactersto read.

forceAddr% is used to specify whether the addressing control bytes are to be
issued for each EnterxI command.

term iSapointer to aterminator structure that is used to set up the input
terminators. If term isset to 0, the default terminator is used.

async% isaflag that allows asynchronous data transfer.

compStat% iSapointer to an integer containing completion status information.

RETURNS -1 if error,

otherwise the number of bytes transferred. The memory buffer
pointed to by the data parameter is filled in with the
information read from the device.

MODE ca

BUSSTATES | ATNeUNL, MLA, TAG, *ATN, data (With external device handle)
*ATN, data (With interface handle)

SEE ALSO Output, Term, Buffered, EOL (Sub-Chapter 153)
EXAMPLE term.EOI = TRUE
term.nChar = 1

term.EightBits = TRUE
term.terml = &HA
bytecount=EnterXI (timer,data%(0),1024,0,term,1,stat)

These Enter1 commandsfor Visual Basic are identical to the standard Enter commands with the
exception of the return values being placed in integer variables rather than string variables.

The EnterxI command reads data from the 1/0O adapter. If an external deviceis specified, then
Driver488 is addressed to Listen, and that device is addressed to Talk. If aninterfaceis specified, then
Driver488 must already be configured to receive data and the external device must be configured to
Talk, either as aresult of an immediately preceding EnterxI command or as aresult of one of the
Send commands. EnterXI terminates reception on either the specified count of bytes transferred, or
the specified or default terminator being detected. Terminator characters, if any, are stripped from the
received data before the EnterxI command returns to the calling application.

The forceaddrs flag is used to specify whether the addressing control bytes are to be issued for each
EnterxI command. If the device handle refersto an 1/O adapter, then forceaddrs has no effect and
command bytes are not sent. For an external device, if forceAddr% iS TRUE then Driver488 always
sends the uNL, MLa, and Tae command bytes. |f forceAaddr% iS FALSE, then Driver488 compares the
current device with the previous device that used that interface adapter board for an Enterxt
command. If they are the same, then no command bytes are sent. If they are different, then Enterxz
actsasif the forceaddrs flag were TRUE and sends the command bytes. The forceaddrs flagis
usually set TRUE for the first transfer of datafrom a device, and then set FaLsE for additional transfers
from the same block of data from that device.

Additional Enterl Functions
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Driver488 provides additional EnterI routines that are short form versions of the Enterxz function.
The additional EnterI functionsare: EnterI, EnterNI, EnterMoreI, and EnterNMoreI. These
functions are discussed in detail below:

EnterNI
SYNTAX EnterNI (ByVal devHandle%,data%,By Val count& ) As Long

REMARKS EnterNI isequivaent to the following call to Enterxz1:
EnterXI (devHandle%, data%,count&, 1, 0, 0, 0)

The EnterNI function passes the device handle, the pointer to the data buffer, and the size of the data
buffer to the Enterx1 function. It specifies forceaddr% iS TRUE, causing Driver488 to re-address the
device. The default terminators are chosen by specifying a 0 pointer as the term parameter.
Asynchronous transfer is turned off by sending o for the async% parameter, and the completion status
valueisignored by sending o for the compstat% parameter.

EnterNMorel
SYNTAX EnterNMorel (ByVal devHandle%,data%,ByVal count&)As Long

REMARKS EnterNMoreI iSequivalent to the following call to EnterX1:
EnterXI (devHandle%,data%,count&,0,0,0,0);

The EnterNMoreI function passes the device handle, the pointer to the data buffer, and the size of the
data buffer to the EnterX1 function. It specifies forceaddr% is FALSE; therefore, Driver488 does not
address the deviceif it isthe same device as previously used. The default terminators are chosen by
specifying a 0 asthe term parameter. Asynchronous transfer is turned off by sending o for the async%
parameter, and the compl etion status value isignored by sending o for the compstat% parameter.

Note:  All forms of the EnterI commands (except EnterXxI) use EOI asthe only terminator. Also,
EnterI and EnterMoreI must be passed to the entire array (i.e. intarray (), not the
starting location: intarray (0) ).

The following table describes the differences between the various forms of Enter1. It outlinesthe
variables passed to each function and how many bytes the functions read.

Enterl Function Reads Until Variable

EnterXI (ADC,IResp (0),1000,1,Term,1,1) n bytes or Pass starting location
terminators

EnterI (ADC, IResp()) Array full or EOT | Passentire array

EnterMoreI (ADC, IResp ())

EnterNI (ADC< IResp (0), 1000) n bytes or Eo1 Pass starting location

EnterNMorel (ADC, IResp (0), 1000)

where. SResp iSString * 1000, and IResp (1000) iSinteger.
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Enterl (Peripheral Mode)

Driver488/W31 (Visua Basic only)

EnterXIl
SYNTAX EnterXI (ByVal devHandle% ,data%, ByVal count&, ByVal
forceAddr%, Term As terms, ByVal async%, compStat%)As Long

devHandle% refersto either an |EEE 488 interface or an external device.

datas isthefirst element in an integer array into which the datais read.

counté& iSthe number of charactersto read.

forceAddr% isignored.

term isapointer to aterminator structure that is used to set up the input
terminators. If term isset to 0, the default terminators are used.

async% isaflag that allows asynchronous data transfer.

compStat$% iSapointer to an integer containing completion status information.

RETURNS -1 if error,

otherwise, the number of bytes transferred. The memory buffer
pointed to by the data parameter is filled in with the
information read from the device.

MODE *ca
BUSSTATES | Determined by the Controller
SEE ALSO OutputX, Term, Buffered, EOL (Sub-Chapter 153)
EXAMPLE term.EOI = TRUE
term.nChar = 1

term.EightBits = TRUE
term.terml = &HA
bytecount=EnterXI (timer,data%(0),1024,0, term,1, &stat)

These Enter1 commands for Visual Basic are identical to the standard Enter commands with the
exception of the return values are placed in integer variables rather than string variables.

In Peripheral mode, the Enterx1 command receives data from the I/O adapter under control of the
Active Controller. The Active Controller must put Driver488 into the Listen state and configure some
bus device to provide Driver488 with data. The Listen state can be checked with the status
command, or can cause an interrupt with the arm command. A time-out error occurs (if enabled) if
Driver488 does not receive a data byte within the time out period after issuing the Enterxx command.

Additional Enterl Functions

Driver488 provides additional EnterI routines that are short form versions of the Enterxz function.
The additional Enter1 functionsare: EnterI and EnterNI. In Peripheral mode, the device handle
must always refer to an 1/0 adapter, and the forceaddrs flagisignored. Thus, EnterMorelI iS
equivalent to EnterI, and EnterNMorel iSequivaent to EnterNI.

Error

SYNTAX int pascal Error (DevHandleT devHandle, bool display):;
devHandle refersto either an IEEE 488 interface or an external device.
display indicates whether the error message display should be ox or oFF.
RETURNS -1 if error

MODE Any

BUSSTATES | None
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SEE ALSO

OnEvent, GetError, GetErrorList, Status

EXAMPLE

errorcode = Error (ieee, OFF);

The Exrror command enables or disables automatic on-screen display of Driver488 error messages.
Specifying oN enables the error message display, while specifying orF disables the error message
display. Error on isthe default condition.

FindListeners
SYNTAX int pascal FindListeners (DevHandleT devHandle, char primary,
unsigned short *listener, short limit);
devHandle refersto either an |EEE 488 interface or an external device. If
devHandle refersto an external device, then the FindListeners command
acts on the hardware interface to which the external device is attached.
primary iSthe primary | EEE 488 bus address to check.
listener iSsapointer to alist that contains all Listeners found on the specified
interface board. The user must allocate enough memory to accommodate all
of the possible Listeners up to the limit that he specified.
limit isthe maximum number of Listenersto be entered into the Listener list.
RETURNS -1 if error
MODE Any
BUSSTATES | ATNeMTA, UNL, LAG
SEE ALSO CheckListener, BusAddress, Status
EXAMPLE DevHandleT listeners[5];
errorcode = FindListeners(ieee,10,listeners,5)

The FindListeners command finds all of the devices configured to Listen at the specified primary
address on the |EEE 488 bus. The command first identifies the primary address to check and returns
the number of Listeners found and their addresses. Then, it fills the user supplied array with the
addresses of the Listeners found. The number of Listeners found is the value returned by the function.
The returned values include the secondary address in the upper byte, and the primary addressin the
lower byte. If there is no secondary address, then the upper byte is set to 255; hence, a device with
only aprimary address of 16 and no secondary address, is represented as 0xFF10, or -240 decimal.

Finish
SYNTAX int pascal Finish(DevHandleT devHandle);
devHandle refersto either an |EEE 488 interface or an external device. If
devHandle refersto an external device, the Finish command acts on the
hardware interface to which the external deviceis attached.
RETURNS -1 if error
MODE CA
BUSSTATES | ATN
SEE ALSO Resume, PassControl
EXAMPLE errorcode = Finish(ieee);

The Finish command asserts Attention (aTn) and releases any pending holdoffs after a Resume
function is called with the monitor flag set.
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GetError
SYNTAX ErrorCodeT pascal
GetError (DevHandleT devHandle, char *errText);
devHandle refersto either the IEEE 488 interface or the external device that has
the associated error.
errText iSthe string that will contain the error message. If errText isnon-null,
the string must contain at least 247 bytes.
RETURNS -1 if error,
otherwise, it returns the error code number associated with
the error for the specified device.
M ODE Any
BUSSTATES | None
SEE AL SO Error, GetErrorList, Status
EXAMPLE errnum = GetError (ieee,errText);
printf (“Error number:%d;%s \n”errnum, errText) ;

The cetError command is called by the user after another function returns an error indication. The
device handle sent to the function that returned the error indication, is sent to GetError asits
devHandle parameter. GetError findsthe error associated with that device, and returns the error
code associated with that error. If anon-null error text pointer is passed, GetError also fillsin up to
247 bytesin the string. The application must ensure that sufficient space is available.

GetErrorList
SYNTAX ErrorCodeT pascal GetErrorList (DevHandlePT devHandles, char
*errText, DevHandlePT errHandle) ;
devHandles isapointer to alist of external devices that was returned from a
function, due to an error associated with one of the external devicesin thelist.
errText iSthetext string that contains the error message. The user must ensure
that the string length is at least 247 bytes.
errHandle iSapointer to the device handle that caused the error.
RETURNS -1 if error
otherwise, it returns the error number associated with the
given list of devices.
MODE Any
BUSSTATES | None
SEE ALSO Error, GetError, Status
EXAMPLE char errText[329];

int errHandle;

int errnum;

result = ClearList(list);

if (result == -1) {
errnum=GetErrorList (list, errText, &errHandle) ;
printf (“Error %d;%s,at handle %d\n”, errnum, errText,
errHandle) ;

}

The GetErrorList command is called by the user, after another function identifying alist of device
handles, returns an error indication. The device handle list sent to the function that returned the error
indication, is sent to GetErrorList. GetErrorList findsthe device which returned the error
indication, returning the handle through errlandle, and returns the error code associated with that
error. If anon-null error text pointer is passed, GetError also fillsin up to 247 bytesin the string.
The application must ensure that sufficient space is available.
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Hello

SYNTAX int pascal Hello(DevHandleT devHandle, char *message);
devHandle refersto either an |EEE 488 interface or an external device. |If
devHandle refersto an external device, the He11o command acts on the
hardware interface to which the external deviceis attached.
message iSacharacter pointer that contains the returned message.
RETURNS -1 if error.
MODE Any
BUSSTATES | None
SEE ALSO Status, OpenName, GetError
EXAMPLE char message[247];
result = Hello(ieee,message);
printf (“%s\n”,message) ;

TheHello command isused to verify communication with Driver488, and to read the software
revision number. If anon-null string pointer is passed, Hello fillsin up to 247 bytesin the string. The
application must ensure that sufficient spaceis available. When the command is sent, Driver488
returns a string similar to the following:

Driver488 Revision X.X (C)199X IOtech,

Inc.

where x is the appropriate revision or year number.

IntLevel

Driver488/SUB and Driver488/W31 only

SYNTAX int pascal IntLevel (DevHandleT devHandle, int channel);
devHandle refersto either an |EEE 488 interface or an external device. |If
devHandle refersto an external device, then the IntLevel command acts on
the hardware interface to which the external device is attached.
channel isavalid interrupt channel, or -1 to specify NONE.
RETURNS -1 if error
MODE Any
BUSSTATES | None
SEE AL SO DmaChannel, TimeOut
EXAMPLE errorcode = IntLevel (ieee, 7);

The 1ntLevel command specifies the hardware interrupt level that is used by the 1/O adapter.
Driver488 uses hardware interrupts, if available, to improve the efficiency of 1/0 adapter control and
communication. The interrupt level is specified by an integer in the range 2 through 15 as appropriate
to the host computer bus and interface card type. The interrupt level value must match the hardware
settings on the interface card.
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IOAddress

Driver488/SUB and Driver488/W31 only

SYNTAX int pascal IOAddress(DevHandleT devHandle, uint ioaddr);
devHandle refersto either an interface or an external device. If devHandle
refersto an external device, then the 10address command acts on the
hardware interface to which the external deviceis attached.
ioaddr isthe |/O base address to set.
RETURNS -1 if error
MODE Any
BUSSTATES | None
SEE AL SO IntLevel, DmaChannel, TimeOut
EXAMPLE errorcode = IOAddress(ieee, 0x02El) ;

The Toaddress command specifies the 1/0 port base address of the I/O adapter. The base addressis
set by a 16-bit integer, ioaddr, that isusually given as a hexadecimal number. The default 1/O port
base address for the |EEE 488 hardware interface is 0x02g1 for the first interface, 0x22€1 for the
second, and 0x42E1 and 0x62E1 for the third and fourth interfaces. The default 1/O port base
addresses for the serial hardware interfaceis 0x03F8. Other standard I/O port base addresses are
0X02F8, 0X03E8, 0X02E8. The I0Address value must match the hardware switch settings on the I/0

adapter.
KeepDevice
SYNTAX int pascal KeepDevice (DevHandleT devHandle) ;
devHandle refersto an external device.
RETURNS -1 if error
MODE Any
BUSSTATES | None
SEE AL SO MakeDevice, RemoveDevice, OpenName
EXAMPLE errorcode = KeepDevice (scope) ;

The keepDevice command changes the indicated temporary Driver488 device to a permanent device,
visible to all applications. Permanent Driver488 devices are not removed when Driver488 is closed.
Driver488 devices are created by MakeDevice and areinitialy temporary. UnlesskeepDevice iS
used, all temporary Driver488 devices are forgotten when Driver488 is closed. The only way to
remove the permanent device once it has been made permanent by the keepbDevice command, isto
use the RemoveDevice command.

LightPen

Driver488/SUB only

SYNTAX int pascal LightPen (DevHandleT devHandle, bool flag);
devHandle refersto either an |EEE 488 interface or an external device. If
devHandle refersto an external device, then the .ightPen command acts on
the hardware interface to which the external device is attached.
flag may be either oN (LightPen enabled), or OFF (LightPen disabled).
RETURNS -1 if error
MODE Any
BUS STATES | None
SEE AL SO OnEvent, Arm, Disarm
EXAMPLE errorcode = LightPen (ieee,ON) ;
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The nightPen command disables the detection of interrupts via setting the light pen status. The
default islight pen interrupt enabled.

Listen
SYNTAX int pascal Listen(DevHandleT devHandle, char pri, char sec);
devHandle refersto either an |EEE 488 interface or an external device. If
devHandle refersto an external device, the command acts on the associated
interface.
pri and sec specify the primary and secondary addresses of the device which is
to be addressed to listen.
RETURNS -1 if error
MODE CA
BUSSTATES | ATN, LAG
SEE ALSO Talk, SendCmd, SendData, SendEoi, FindListeners
EXAMPLES errorcode = Listen (ieee, 12, -1);

The 1.isten command addresses an external device to Listen.

Local
SYNTAX int pascal Local (DevHandleT devHandle) ;
devHandle refersto either an IEEE 488 interface or an external device.
RETURNS -1 if error
MODE sc
BUSSTATES | *REN
SEE ALSO Remote, AutoRemote
EXAMPLES | errorcode = Local(ieee); To unassert the Remote Enable (REN) line,
the IEEE 488 interface is specified.
errorcode = Local (wave) ; To send the Go To Loca (GTL) command,
an external deviceis specified.

In the System Controller mode, the Local command issued to an interface device, causes Driver488 to
unassert the Remote Enable (REN) line. This causes devices on the bus to return to manual operation.
A Local command addressed to an external device, places the device in the local mode viathe Go To
Local (eTL) bus command.

LocalList

SYNTAX int pascal LocalList (DevHandlePT devHandles) ;
devHandles refersto apointer to alist of external devices.

RETURNS -1 if error

MODE CA

BUSSTATES | ATNeUNL, MTA, LAG,GTL

SEE ALSO Local, Remote, RemoteList, AutoRemote

EXAMPLES | deviceList[0] = wave; To send the Go To Local
deviceList[1l] = timer; (GTO) bus command to a
deviceList[2] = dmm; . .
deviceList [3] = NODEVICE; list of external devices.
errorcode = LocallList(deviceList);

In the System Controller mode, the LocalList command issued to an interface device, causes
Driver488 to unassert the Remote Enable (REN) line. This causes devices on the bus to return to
manual operation. A LocalList command addressed to an external device, places the device in the
local mode viathe Go To Local (eTL) bus command.

111-330

Personal488 User’s Manual, Rev. 3.0

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




1. COMMAND REFERENCES - 15. Command References 15B. Driver488/SUB, W31, W95, & WNT

Lol

SYNTAX int pascal Lol (DevHandleT devHandle) ;

devHandle refersto either an |EEE 488 interface or an external device. |If
devHandle refersto an external device, the Lol command acts on the
hardware interface to which the external deviceis attached.

RETURNS -1 if error

MODE ca

BUSSTATES | ATNeLLO

SEE AL SO Local, LocalList, Remote, RemoteList

EXAMPLES | errorcode = Lol(ieee);

The Lol command causes Driver488 to issue an | EEE 488 LocalLockout (LLo) bus command. Bus
devices that support this command are thereby inhibited from being controlled manually from their

front panels.
MakeDevice

SYNTAX int pascal MakeDevice (DevHandleT devHandle, char *name);
devHandle refersto an existing external device.
name iS the device name of the device that is to be made and takes the

configuration of the device given by devHandle.

RETURNS Device handle, or -1 if error

MODE Any

BUSSTATE | None

SEE AL SO KeepDevice, RemoveDevice, OpenName, Close

EXAMPLE dmm=MakeDevice (scope, "DMM") ;  Create adevice named DMM, attached to
BusAddress (dmm, 16, -1) ; the same 1/O adapter as SCOPE and

set its | EEE 488 bus address to 16.

The MakeDevice command creates a new temporary Driver488 device that is an identical copy of an
already existing Driver488 external device. The new device is attached to the same /O adapter of the
existing device and has the same bus address, terminators, timeouts, and other characteristics. The
newly created device istemporary and is removed when Driver488 is closed. KeepDevice may be
used to make the device permanent. To change the default values assigned to the device, it is necessary
to call the appropriate configuration functions such as Busaddress, I0Address, and TimeOut.

MakeNewDevice

Driver488/W95 only

SYNTAX DevHandleT pascal MakeNewDevice (LPSTR iName, LPSTR aName,BYTE
primary,BYTE secondary,TermPT In,TermPT Out,DWORD tOut) ;

devHandle refersto the new external device.

Name iS the device name of the device that is to be made and takes the
configuration of the device based on the parameters specified.

primary and secondary are the secondary and primary bus addresses to be
specified. For no secondary address, a -1 must be specified.

In and out are pointersto terminator structures specified to set up the respective
input and output terminators of the device.

tout isthe timeout parameter to be specified.

RETURNS Device handle, or -1 if error
MODE Any
BUSSTATE | None
SEE AL SO MakeDevice, KeepDevice, RemoveDevice, OpenName, Close
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Thisisanew function in Driver488/W95. Thisfunction is similar to the MakeDevice function except
that MakeNewDevice Will create a new device based on the parameters specified, instead of ssimply
cloning an existing device. To change the default values assigned to the device, it is necessary to call
the appropriate configuration functions such as Busaddress, I0Address, and TimeOut.

MyListenAddr

SYNTAX int pascal MyListenAddr (DevHandleT devHandle);

devHandle refersto either an interface or an external device. If devHandle

refersto an external device, the command acts on the associated interface.

RETURNS -1 if error
MODE CA
BUSSTATES | ATN, MLA
SEE ALSO MyTalkAddr, Talk, Listen, SendCmd
EXAMPLES errorcode = MyListenAddr (ieee);

The MyListenAddr command addresses the interface to Listen.

MyTalkAddr

SYNTAX int pascal MyTalkAddr (DevHandleT devHandle) ;
devHandle refersto either an interface or an external device. If devHandle
refers to an external device, the command acts on the associated interface.
RETURNS -1 if error
M ODE CA
BUSSTATES | ATN, MTA
SEE AL SO MyListenAddr, Listen, SendCmd
EXAMPLES errorcode = MyTalkAddr (ieee);

TheMyTalkaddr command addresses the interface to Talk.

OnEvent
Driver488/SUB only
SYNTAX int pascal OnEvent (DevHandleT devHandle,UserHandleFP
handler,OpaqueP argument) ;
devHandle refersto either an interface or an external device.
handler is auser-specified interrupt-handler function that isto perform some
function, defined by the user, when one of the armed conditions occur.
argument iSthe 32-bit argument passed to the handler function. It may be used
to point to information used by the handler function.
RETURNS -1 if error
MODE Any
BUS STATES | None
SEE AL SO Arm, Disarm, LightPen
EXAMPLE void
Handler (OpaqueP arg)
{
printf (“Interrupt handler got arg = %1d\n”,arg);
}
errorcode = OnEvent (ieee,Handler, (OpaqueP) (15)) ;

The onEvent command specifies the function to be called when an armed event occurs. The function
handler is passed the specified 32-bit argument entry. The handler can use the argument to identify
the portion of the program that set up the onEvent, and then use status and other commandsto
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determine the state of Driver488 and take appropriate action. onEvent ismost often used to respond
to Service Requests (SrQ).

OnEvent

Driver488/W31 (C only) and Driver488/W95 only

SYNTAX int pascal OnEvent (DevHandleT devHandle, HWND hWnd, OpaqueP
lParam) ;

devHandle refersto either an interface or an external device.
hwnd is the window handle to receive the event notification.
1raram Value will be passed in the notification message.
RETURNS -1 if error

M ODE Any

SEE AL SO Arm, Disarm

BUSSTATES | None

EXAMPLE ieee = OpenName (“ieee”);

OnEvent (ieee, hWnd, (OpaqueP) 12345678L) ;
Arm (ieee, acSRQ | acError) ;

break;

The onEvent command causes the event handling mechanism to issue a message upon occurrence of
an armed event. The message will have atype of wu_IEEE488EVENT, Whose valueisretrieved via

RegisterWindowMessage ((LPSTR) “WM IEEE488EVENT”) ;

The associated wparam is an event mask indicating which armed event(s) caused the notification, and
the 1raram iSsthe value passed to onEvent. Note that although thereis a macro for
WM_IEEE488EVENT in the header file for each language, this macro resolvesto afunction call and
therefore cannot be used as a case label. The preferred implementation is to include a default casein
the message handling case statement and directly compare the message ID with wM IEEE488EVENT.
Thefollowing isafull example of a program using the onEvent function:

LONG FAR PASCAL export

WndProc (HWND hWnd, unsigned iMessage, WORD wParam, LONG lParam) ;
HANDLE

ieee;

switch (iMessage)

case WM _CREATE:
ieee = OpenName (“ieee”);
OnEvent (ieee, hWnd, (OpaqueP) 12345678L);
Arm (ieee, acSRQ | acError) ;
break;
default:
if (iMessage == WM _IEEE488EVENT) {
char buff [80];
wsprintf (buff, “Condition = %04X, Param = %081X”,
wParam, lParam) ;
MessageBox (hWnd, (LPSTR) buff, (LPSTR) “Event
Noted”, MB OK) ;
return TRUE;
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OnEventVDM

Driver488/W95 (Console Mode Applications only)

SYNTAX INT pascal OnEventVDM(DevHandleT devHandle, EventFuncT func);
devHandle refersto either an interface or an external device.

func isauser-specified interrupt-handler function that is to perform some
function, defined by the user, when one of the armed conditions occur.

RETURNS -1 if error

M ODE Any

SEE AL SO OnEvent, Arm, Disarm

BUSSTATES | None

EXAMPLE gsk (x,Arm(ieee0, acSRQ)); Arm SRQ detection and set
gsk (x,OnEventVDM(ieee0, srqgHandler)) ; up SRQ function handler

Thisfunction is new in Driver488/W95. The onEventvbM (VDM refersto Virtual DOS Machine)
allows a call back to a user-specified function in a console mode application. The following isafull
example of a console mode program using the onEventvbM function:

#include <windows.h>
#include <stdio.h>
#include “iotieee.h”

// For debugging
#define gsk(v,x) (v=x, printf (#x “ returned %d/n, v))

void
srqgHandler (DevHandlerT devHandle, UINT mask)
{
LONG xfered;
printf (*"\007\n\nEVENT-FUNCTION on %d mask 0x%04x\n”,devHandle,
mask) ;
gsk (xfered, Spoll (devHandle)) ;
printf (“\n\n”);

}

void
main (void)
{
LONG result, xfered;
int ioStatus, x;
DevHandleT ieee0, waveld4, wavel6;
TermT myTerm;
UCHAR buffer[500];
printf (“\n\nSRQTEST program PID %d\n”,GetCurrentProcessId ());
gsk (ieeel, OpenName (“ieeel”)) ;
gsk (wavel4, OpenName (“Wavel4”)) ;
gsk (wavel6, OpenName (“Wavel6”)) ;
gsk (result, Abort(wavel4d));
gsk (result, Abort(waveléb)) ;
gsk(x, Hello(ieeeO, buffer));
printf (“"\n%s\n\n”, buffer);
myTerm.EOTI = 1;
myTerm.nChar = 0;
myTerm. termChar [0]
myTerm. termChar [1]

‘\r’;
\n’;
// Arm SRQ detection and set up SRQ function handler

gsk(x, Arm(ieeeO, acSRQ));
gsk(x, OnEventVDM(ieee0O, srgHandler)) ;

// Tell the Wave to assert SRQ in 3 seconds
gsk (xfered, Output (wavel6, “t3000x”,6L,1,0, &myTerm, 0, &ioStatus)) ;
printf (“Completion code: 0x%04x\n”, ioStatus);
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// Normally, your program would be off doing other work, for
// this example we will just hold here for a short time.
For (result = 0; result 30000; result++) {

printf (“Result is %06d\r”, result);

printf (“\n\n”);

gsk (xfered, Spoll (wavel6)) ;
gsk(x, Close(wavel4d));
gsk(x, Close(wavel6));
gsk(x, Close(ieeel));

}
OpenName

SYNTAX DevHandleT pascal OpenName (char *name) ;

name isthe name of an interface or external device.
RETURNS Device handle associated with the given name, or -1 if error.
MODE Any
BUSSTATE | None
SEE ALSO MakeDevice, Close
EXAMPLES | dmm = OpenName (“DMM") ; Open the external device DMM

dmm = OpenName (“IEEE:DMM”); Specify the interface to which the external

deviceis connected

The openName command opens the specified interface or external device and returns a device handle
for use in accessing that device.

Output (Controller Mode)

OutputX
SYNTAX long pascal OutputX(DevHandleT devHandle, char *data, long
count, bool last, bool forceAddr, TermT *terminator, bool
async, int *compStat);

devHandle refersto either an interface or an external device. If devHandle
refersto an external device, the outputx command acts on the hardware
interface to which the external device is attached.

data isastring of bytesto send.

count isthe number of bytes to send.

last isaflag that forces the device output terminator to be sent with the data.

forceAddr is used to specify whether the addressing control bytes are to be
issued for each Output command.

terminator iSapointer to aterminator structure that is used to set up the input
terminators. If terminator iSSet to 0, the default terminator is used.

async isaflag that allows asynchronous data transfer.

compStat iSapointer to an integer containing completion status information.

RETURNS -1 if error, otherwise, the number of characters transferred

MODE CA

BUSSTATES | With interface handle: REN (if SC and AutoRemote), *ATN, ATN

With external device handle: REN (if SC and AutoRemote),
ATNeMTA, UNL, LAG, *ATN, ATN

SEE ALSO Enter, Term, TimeOut, Buffered, EOL (Sub-Chapter 153a)
EXAMPLES term.EOI = TRUE;

term.nChar = 1;

term.EightBits = TRUE;

term.termChar[0] = ‘\r’;

data = “UO0X”;

count = strlen(data);

bytecnt=Output (timer,data,count, 1,0, &term, 0, &stat) ;
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The outputx command sends data to an interface or external device. The Remote Enable (REN) lineis
first asserted if Driver488 isthe System Controller and AutoRemote isenabled. Then, if adevice
address (with optional secondary address) is specified, Driver488 is addressed to Talk and the specified
deviceisaddressed to Listen. If no addressis specified, then Driver488 must already be configured to
send data, either as aresult of a preceding outputx command, or asthe result of a send command.
Terminators are automatically appended to the output data as specified.

The forceaddr flag is used to specify whether the addressing control bytes are to be issued for each
outputx command. If the device handle refersto an interface, forceaddr has no effect and
command bytes are not sent. |If the device handle refers to an external device and forceaddr iS TRUE,
Driver488 addresses the interface to Talk and the external deviceto Listen. If forceAddr iSFALSE,
Driver488 compares the current device with the most recently addressed device on that interface. If the
addressing information is the same, no command bytes are sent. If they are different, outputx actsas
if the forceaddr flag were TRUE and sends the addressing information.

The terminator iSapointer to aterminator structure that is used to set up the input terminators. This
pointer may be a null pointer, requesting use of the default terminators for the device, or it may point to
aterminator structure requesting no terminators. The async isaflag that allows asynchronous data
transfer. If thisflag is TRUE, the outputx command returns to the caller as soon as the datatransfer is
underway and can be completed under DMA and/or interrupts. FALSE indicates that the outputx
command should not return until the transfer is complete. The compstat isa pointer to an integer
containing completion statusinformation. A null pointer indicates that completion status is not
requested. In the case of an asynchronous transfer, this pointer must remain valid until the transfer is
complete.

Additional Output Functions

Driver488 provides additional output functions that are short form versions of the outputx function.
The additional output functions are; output, OutputN, OutputMore, and OutputNMore. These
functions are discussed in detail below:

Output
SYNTAX long pascal Output (DevHandleT devHandle,char *data);

REMARKS output isequivaent to the following call to outputx:
OutputX (devHandle,data,strlen(data),1,1,0L,0,0L);

The output function passes the device handle and a pointer to the data buffer to the outputx
function. It determines the size of the data buffer provided by the user and passes that value as the
count parameter. It specifiesthat the forceaddr flagis set TRUE, which causes Driver488 to address
the device if an external device is specified. The default terminators are chosen by specifying a o
pointer asthe terminator parameter. Synchronous transmission is specified by sending o for the
async parameter, and the completion status value isignored by sending a o for the compstat pointer.

OutputN
SYNTAX long pascal OutputN(DevHandleT devHandle,char *data,long
count) ;
REMARKS outputN is equivalent to the following call to outputx:
OutputX (devHandle,data,count,0,1,0L,0,0L) ;

The outputN function passes the device handle and a pointer to the data buffer to the outputx
function. It specifiesthat the forceaddr flag is set TRUE, which causes Driver488 to address the
deviceif an external deviceis specified. The default terminators are chosen by specifying a o pointer
asthe terminator parameter. Synchronous transmission is specified by sending o for the async
parameter, and the completion status value isignored by sending a o for the compstat pointer.

OutputMore
SYNTAX long pascal OutputMore (DevHandleT devHandle, char *data);

REMARKS OutputMore iS equivalent to the following call to outputx:
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| | OutputX (devHandle,data,strlen(data),1,0,0L,0,0L); |

The outputMore function passes the device handle and a pointer to the data buffer to the outputx
function. It determines the size of the data buffer provided by the user and passes that value as the
count parameter. It specifiesthat the forceaddr flag is set FALSE, so Driver488 does not re-address
the device if it isthe same device as that previously used. The default terminators are chosen by
specifying a 0 pointer asthe terminator parameter. Synchronous transmission is specified by
sending o for the async parameter, and the completion status value isignored by sending a o pointer
for the compstat pointer.

OutputNMore
SYNTAX long pascal OutputNMore (DevHandleT devHandle, char *data,
long count) ;
REMARKS OutputNMore is equivalent to the following call to outputx:
OutputX (devHandle,data,0,0,0L,0,0L) ;

The outputNMore function passes the device handle and a pointer to the data buffer to the outputx
function. It specifiesthat the forceaddr flag is set FALSE, so Driver488 does not re-address the
deviceif it isthe same device as that previously used. The default terminators are chosen by specifying
a0 pointer asthe terminator parameter. Synchronous transmission is specified by sending o for the
async parameter, and the completion status value is ignored by sending a 0 pointer for the compstat
pointer.

Output (Peripheral Mode)

OutputX

SYNTAX long pascal OutputX(DevHandleT devHandle, char *data, long
count, bool last, bool forceAddr, TermT *terminator, bool
async, int *compStat);

devHandle refersto either an interface or an external device.

data pointsto the bytes to send.

count isthe number of charactersto send.

last isaflag that forces the device output terminator to be sent with the data.

forceAddr isignored.

terminator iSapointer to aterminator structure that is used to set up the output
terminators. If terminator iSset to 0, the default terminator is used.

async isaflag that allows asynchronous data transfer.

compStat iSapointer to an integer containing completion status information.

RETURNS -1 if error; otherwise, the number of characters transferred

MODE *CA

BUSSTATES | Determined by the Controller.

SEE AL SO Enter, Term, TimeOut, Buffered

In Peripheral mode, the outputx command sends data to the interface under control of the Active
Controller. The Active Controller must put the interface into the Talk state and configure some bus
device to accept the transferred data. The Talk state can be checked with the status command, or can
cause an interrupt viathe arm command. A time-out error occurs, if enabled, if no bus device accepts
the data within the time out period after issuing the outputx command. Even as a Peripheral,
Driver488 might be the System Controller. If Driver488 isthe System Controller and AutoRemote iS
enabled, then Driver488 asserts Remote Enable (REN) before sending any data. The outputx
command in Peripheral mode is otherwise identical to the outputx command in Controller mode.

Additional Output Functions

Driver488 provides additional output routines that are short form versions of the outputx function.
The additional output functionsare: output and outputN. In Peripheral mode, the device handle
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must always refer to an 1/0O adapter, and the forceaddr flagisignored. Thus, outputMore iS
equivalent to output, and outputNMore iS equivaent to outputN.

Outputl (Controller Mode)

Driver488/W31 (Visua Basic only)

OutputXl
SYNTAX OutputXI (ByVal devHandle%, data%, ByVal count&, ByVal last%,
ByVal forceAddr%, Term As terms, ByVal async%, compstat%)

As Long

devHandle% refersto either an interface or an external device. If devHandle%
refersto an external device, the outputxI command acts on the hardware
interface to which the external device is attached.

datas isthefirst element in an integer array which holds the data being sent.

countg& iSthe number of bytesto send.

last% isaflag that forces the device output terminator to be sent with the data.

forceAddr% is used to specify whether the addressing control bytes are to be
issued for each outputxI command.

terms iSapointer to aterminator structure that is used to set up the input
terminators. If terms is set to 0, the default terminator is used.

async% isaflag that alows asynchronous data transfer.

compStat$% iSapointer to an integer containing completion status information.

RETURNS -1 if error; otherwise, the number of characters transferred

MODE CA

BUSSTATES | With interface handle: REN (if SC and AutoRemote), *ATN, ATN

With external device handle: REN (if SC and AutoRemote),
ATNeMTA, UNL, LAG, *ATN, ATN

SEE ALSO EnterI, Term, TimeOut, Buffered, EOL (Sub-Chapter 153)

EXAMPLES term.EOI = TRUE

term.nChar = 1
term.EightBits = TRUE
term. terml &HA
data% (0)
data% (1)
data%(2)
bytecount = OutputI(dev, data%(0), 3, 0, term, 1, stat)

nmonn
(PSR SR |

The outputI commandsfor Visua Basic are identical to the standard output commands except for
the variable holding the data to be sent is an integer rather than a string type.

The outputxI command sends data to an interface or external device. The Remote Enable (REN) line
isfirst asserted if Driver488 isthe System Controller and AutoRemote iSenabled. Then, if adevice
address (with optional secondary address) is specified, Driver488 is addressed to Talk and the specified
deviceisaddressed to Listen. If no addressis specified, then Driver488 must already be configured to
send data, either as aresult of a preceding outputxI command, or as the result of a send command.
Terminators are automatically appended to the output data as specified.

The forceaddrs flag is used to specify whether the addressing control bytes are to be issued for each
outputxI command. If the device handlerefersto aninterface, forceAddrs has no effect and
command bytes are not sent. If the device handle refersto an external device and forceaddr% is
TRUE, Driver488 addresses the interface to Talk and the external deviceto Listen. If forceaddr% is
FALSE, Driver488 compares the current device with the most recently addressed device on that
interface. If the addressing information is the same, no command bytes are sent. If they are different,
outputXI actsasif the forceaddrs flag were TRUE and sends the addressing information.

The terms isapointer to aterminator structure that is used to set up the input terminators. This
pointer may be a null pointer, requesting use of the default terminators for the device, or it may point to

111-338

Personal488 User’s Manual, Rev. 3.0

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



1. COMMAND REFERENCES - 15. Command References 15B. Driver488/SUB, W31, W95, & WNT

aterminator structure requesting no terminators. The async% isaflag that allows asynchronous data
transfer. If thisflag is TRUE, the outputxI command returnsto the caller as soon as the data transfer
is underway and can be completed under DMA and/or interrupts. FALSE indicates that the outputxI
command should not return until the transfer is complete. The compstat% isa pointer to an integer
containing completion statusinformation. A null pointer indicates that completion status is not
requested. In the case of an asynchronous transfer, this pointer must remain valid until the transfer is
complete.

Additional Outputl Functions

Driver488 provides additional outputI functionsthat are short form versions of the outputxt
function. The additional outputI functions are: outputNI, OoutputMorelI, and OutputNMoreT.
These functions are discussed in detail below:

OutputNI

SYNTAX OutputNI (ByVal devHandle%, data%, ByVal count&) As Long

REMARKS OoutputNI isequivalent to the following call to outputx1:
OutputXI (devHandle%,data%, count&,0,1,0,0,0)

The outputNT function passes the device handle and a pointer to the data buffer, to the outputxt
function. It specifiesthat the forceaddrs flag is set TRUE, which causes Driver488 to address the
deviceif an external deviceis specified. The default terminators are chosen by specifying a o pointer
asthe terms parameter. Synchronous transmission is specified by sending o for the async parameter,
and the completion status value isignored by sending a o for the compstat pointer.

OutputMorel
SYNTAX OutputMorelI (ByVal devHandle%,data%,By Val count&)As Long

REMARKS outputMorel is equivalent to the following call to outputXI:
OutputXI (devHandle%,data%,count&,1,0,0,0,0)

The outputMorelI function passes the device handle and a pointer to the data buffer, to the outputxz
function. It determines the size of the data buffer provided by the user and passes that value as the
counté& parameter. It specifiesthat the forceaddrs flag is set FALSE, so Driver488 does not re-
address the deviceif it is the same device as that previously used. The default terminators are chosen
by specifying a o0 pointer asthe terms parameter. Synchronous transmission is specified by sending o
for the async parameter, and the completion status value isignored by sending a o pointer for the
compStat pointer.

OutputNMorel

SYNTAX OutputNMoreI (ByVal devHandle, data%, ByVal count&) As Long

REMARKS OutputNMoreI isequivalent to the following call to outputx1:
OutputXI (devHandle%,data%, count&,0,0,0,0,0);

The outputNMoreT function passes the device handle and a pointer to the data buffer, to the
outputXxI function. It specifiesthat the forceaddrs flag is set FALSE, so Driver488 does not re-
address the deviceif it is the same device as that previously used. The default terminators are chosen
by specifying a 0 pointer as the terms parameter. Synchronous transmission is specified by sending o
for the async parameter, and the completion status value isignored by sending a o pointer for the
compStat pointer.

Note: TheoutputNI and outputNMoreI commands do not send terminators. Also, outputI and
outputMoreI Must be passed to the entire array (i.e. intarray (), not the starting location:
intarray (0) ).

The following table describes the differences between the various forms of outputI. It outlinesthe
variables passed to each function and how many bytes the functions outpuit.
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Outputl Function Terminators Variable
OutputXI (ADC,IResp (0),1000,1,Term,1,1) | Choice Pass starting location
OutputI (ADC, IRESP()) Yes Pass entire array
OutputMoreI (ADC, IResp ())

OutputNI (ADC< IResp (0), 1000) No Pass starting location
OutputNMoreI (ADC, IResp (0), 1000)

where: SResp iSString * 1000, and IResp(1000) iSinteger.

Outputl (Peripheral Mode)

Driver488/W31 only (Visual Basic only)

OutputXl
SYNTAX OutputXI (ByVal devHandle%, data%, ByVal count&, ByVal last%,
ByVal forceAddr%, Term As terms, ByVal async%, compstat%)

As Long

devHandle% refersto either an interface or an external device.

data% pointsto the bytes to send.

countg iSthe number of charactersto send.

last% isaflag that forces the device output terminator to be sent with the data.

forceAddr% isignored.

terms iSapointer to aterminator structure that is used to set up the output
terminators. If terms is set to 0, the default terminator is used.

async% isaflag that alows asynchronous data transfer.

compStat$% iSapointer to an integer containing completion status information.

RETURNS -1 if error; otherwise, the number of characters transferred
M ODE *CA

BUSSTATES | Determined by the Controller.

SEE ALSO EnterI, Term, TimeOut, Buffered

The outputI commands for Visual Basic are identical to the standard output commands except that
they use an integer array for the output data rather than a string.

In Peripheral mode, the outputx1 command sends data to the interface under control of the Active
Controller. The Active Controller must put the interface into the Talk state and configure some bus
device to accept the transferred data. The Talk state can be checked with the status command, or can
cause an interrupt viathe arm command. A time-out error occurs, if enabled, if no bus device accepts
the data within the time out period after issuing the outputx1 command. Even asa Peripheral,
Driver488 might be the System Controller. If Driver488 is the System Controller and AutoRemote iS
enabled, then Driver488 asserts Remote Enable (REN) before sending any data. The outputxz
command in Peripheral mode is otherwise identical to the outputxI command in Controller mode.

Additional Outputl Functions

Driver488 provides additional outputI functionsthat are short form versions of the outputxz
function. The additional outputI functionsare: outputI and outputNI. In Peripheral mode, the
device handle must always refer to an 1/O adapter, and the forceaddr flag isignored. Thus,
OutputMorelI iSequivalent to outputI, and OutputNMorel iSequivalent t0 OutputNI.
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PassControl
SYNTAX int pascal PassControl (DevHandleT devHandle) ;
devHandle refersto an external device to which control is passed.
RETURNS -1 if error
M ODE CA
BUSSTATES | ATNeUNL, MLA, TAG, UNL, TCT, *ATN
SEE ALSO Abort, Reset, SendCmd
EXAMPLE errorcode = PassControl (scope) ;

The rassControl command allows Driver488 to give control to another controller on the bus. After
passing control, Driver488 enters the Peripheral mode. If Driver488 was the System Controller, then it
remains the System Controller, but it is no longer the Active Controller. The Controller now has
command of the bus until it passes control to another device or back to Driver488. The System
Controller can regain control of the bus at any time by issuing an Abort command.

PPoll

SYNTAX int pascal PPoll(DevHandleT devHandle) ;

devHandle refersto either an interface or an external device. If devHandle
refersto an external device, then the PPo11 command acts on the hardware
interface to which the external device is attached.

RETURNS -1 if error; otherwise, a number in the range 0 to 255
MODE CA

BUSSTATES | ATNeEOI, *EOI

SEE ALSO PPollConfig, PPollUnconfig, PPollDisable, SPoll

EXAMPLE errorcode = PPoll (ieee);

Therroll (Parallel Poll) command is used to request status information from many bus devices
simultaneoudly. If adevice requires service then it responds to a Parallel Poll by asserting one of the
eight IEEE 488 bus data lines (pzo1 through pxos, with pro1 being the least significant). In this
manner, up to eight devices may simultaneously be polled by the controller. More than one device can
share any particular pzo line. Inthiscase, it is necessary to perform further Serial Polling (sPo11) to
determine which device actually requires service.

Parallel Polling is often used upon detection of a Service Request (SRQ), though it may also be
performed periodically by the controller. In either case, PPol11 responds with a number from o to 255
corresponding to the eight binary pzo lines. Not every device supports Parallel Polling. Refer to the
manufacturer’ s documentation for each bus device to determine if Parallel Poll capabilities are

supported.
PPollConfig
SYNTAX int pascal PPollConfig(DevHandleT devHandle, int ppresponse);
devHandle refersto either an interface or an external device to configure for the
Parallel Poll.
ppresponse iSthe decimal equivalent of the four binary bits s, p2, p1, and po
where s isthe Sense hit, and p2, p1, and po assign the pxo bus dataline used
for the response.
RETURNS -1 if error
MODE CA
BUSSTATES | ATNeUNL, MTA, LAG, PPC
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SEE AL SO PPoll, PPollUnconfig, PPollDisable

EXAMPLE errorcode = Configure device DMM to assert DIO6 when it desires service (ist
PPollConfig =1) anditisParalel Polled (0xOD = &HOD = 1101 binary;
(dmm, 0x0D) ; S=1, P2=1, P1=0, P0=1; 101 binary = 5 decimal = DIO6).

The rrollconfig command configuresthe Parallel Poll response of a specified bus device. Not all
devices support Parallel Polling and, among those that do, not all support the software control of their
Parallel Poll response. Some devices are configured by internal switches.

The Parallel Poll response is set by afour-bit binary number response: s, p2, p1, and 0. The most
significant bit of responseisthe Sense (s) bit. The Sense hit is used to determine when the device will
assert its Parallel Poll response. Each bus device has an internal individua status (ist). The Parallel
Poll response is asserted when this ist equalsthe Sense bit value s. The ist isnormally alogic 1
when the device requires attention, so the s bit should normally also be alogic 1. If the s bitis o, then
the device assertsits Parallel Poll response whenitsist isalogic 0. Thatis, it does not require
attention. However, the meaning of ist can vary between devices, so refer to your |EEE 488 bus
device documentation. The remaining 3 bits of response: p2, 1, and po, specify which pxo bus data
lineis asserted by the device in response to a Parallel Poll. These bits form a binary number with a
decimal value from o through 7, specifying datalinespIo1 through pIos, respectively.

PPollDisable

SYNTAX int pascal PPollDisable (DevHandleT devHandle) ;

devHandle is either an interface or an external device that isto have its Parallel
Poll response disabled.

RETURNS -1 if error

M ODE CA

BUSSTATES | ATNeUNL, MTA, LAG, PPC, PPD

SEE AL SO PPoll, PPollConfig, PPollUnconfig

EXAMPLE errorcode = PPollDisable(dmm); Dijsable Parallel Poll of device DMM.

The rrollDisable command disablesthe Parallel Poll response of a selected bus device.

PPollDisableList

SYNTAX int pascal PPollDisablelList (DevHandlePT devHandles) ;

devHandles iSapointer to alist of external devicesthat areto have their Parallel
Poll response disabled.

RETURNS -1 if error

M ODE CA

BUSSTATES | ATNeUNL, MTA, LAG, PPC, PPD

SEE ALSO PPoll, PPollConfig, PPollUnconfig

EXAMPLE deviceList [0] = wave;
deviceList[1l] = timer;
deviceList[2] = dmm;

deviceList[3] = NODEVICE;
errorcode = PPollDisablelList (deviceList);

TheprrPollDisableList command disablesthe Parallel Poll response of selected bus devices.

PPollUnconfig

SYNTAX int pascal PPollUnconfig(DevHandleT devHandle) ;

devHandle refersto ahardware interface. |f devHandle refersto an externa
device, then the PPo11Unconfig command acts on the hardware interface to
which the external deviceis attached.

RETURNS -1 if error
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M ODE CA

BUSSTATES | ATNePPU

SEE AL SO PPoll, PPollConfig, PPollDisable
EXAMPLE errorcode = PPollUnconfig(ieee);

The PPollUnconfig command disables the Parallel Poll response of all bus devices.

Remote
SYNTAX int pascal Remote (DevHandleT devHandle) ;
devHandle refersto either an interface or an external device. If devHandle
refersto an interface, then the Remote Enable (REN) line is asserted. |If
devHandle refersto an external device, then that device is addressed to
Listen and placed into the Remote State.
RETURNS -1 if error
MODE sC
BUSSTATES | REN (hardware interface)
REN, ATNeUNL, MTA, LAG (external device)
SEE ALSO Local, LocalList, Remotelist
EXAMPLES | errorcode = Remote(ieee); Assert the REN busline.
errorcode = Remote(scope); Assert the REN busline and addressthe

SCOPE device specified to Listen, to
place it in the Remote state:

The Remote command asserts the Remote Enable (REN) bus management line. If an external deviceis
specified, then Remote will also address that device to Listen, placing it in the Remote state.

RemoteList

SYNTAX int pascal Remotelist (DevHandlePT devHandles) ;
devHandles iSapointer to alist of devices.

RETURNS -1 if error

M ODE SCeCA

BUSSTATES | REN, ATNeUNL, MTA, LAG

SEE AL SO Remote, Local, LocallList

EXAMPLE deviceList[0] = wave; Assert the REN buslineand
deviceList[1l] = timer; address a list of specified
deviceList[2] = dmm; . .
deviceList[3] = NODEVICE; devicesto Listen, to place

these specified devicesin

RemoteList (devicelist) ;
the Remote state.

errorcode =

The RemoteList command asserts the Remote Enable (REN) bus management line. If external
devices are specified, then RemoteList will also address those devices to Listen, placing themin the

Remote State.
RemoveDevice
SYNTAX int pascal RemoveDevice (DevHandleT devHandle) ;
devHandle specifies an interface or an external device to remove.
RETURNS -1 if error
MODE Any
BUSSTATES | None
SEE AL SO MakeDevice, KeepDevice, REMOVE DOS NAME (Sub-Chapter 153)
EXAMPLE errorcode = RemoveDevice (dmm) ;
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The RemoveDevice command removes the specific temporary or permanent Driver488 device that
was created with either the MakeDevice command or the startup configuration. This command also
removes a device that was made permanent through a Keepbevice command.

Request

SYNTAX int pascal Request (DevHandleT devHandle, int spstatus);

devHandle refersto either an interface or an external device. If devHandle
refersto an external device, the Request command acts on the hardware
interface to which the external device is attached.

spstatus iSthe Service Request status in the range 0 to 255.

RETURNS -1 if error
MODE *CA
BUSSTATES | SRQ if rsv is set, *SRQ if not.
SEE AL SO Status, ControlLine
EXAMPLES | errorcode = Request(ieee,0) Clear SRQ and Serial Poll Response.
errorcode = Generate an SRQ (decimal 64) with DIO2
Request (1eee, 64+2+4) (decimal 2) and DIO3 (decimal 4) set

in the serial poll response.

In Peripheral mode, Driver488 is able to request service from the Active Controller by asserting the
Service Request (srQ) bus signal. The Request command sets or clears the Serial Poll status
(including Service Request) of Driver488. rRequest takes a numeric argument in the decimal range
0to 255 (hex range &HO t0 &HFF) that is used to set the Serial Poll status. When Driver488 is Serial
Polled by the Contraller, it returns this byte on the pzo datalines.

The data lines are numbered bzos through pIo1. D108 isthe most significant line and corresponds to
adecimal value of 128 (hex &H80). D107 isthe next most significant line and corresponds to a
decimal value of 64 (hex &H40). DIO7 hasaspecial meaning: It is the Request for Service (rsv) bit. If
rsv is set, then Driver488 asserts the Service Request (srQ) bus signal. If pxo7 isclear (alogic 0),
then Driver488 does not assert SRQ. When Driver488 is Seria Polled, al eight bits of the Serial Poll
status are returned to the Controller. The rsv bit is cleared when Driver488 is Serial Polled by the
Controller. This causes Driver488 to stop asserting SrQ.

Reset

SYNTAX int pascal Reset (DevHandleT devHandle) ;

devHandle refersto either an interface or an external device. If devHandle
refersto an external device, the Reset command acts on the hardware
interface to which the external deviceis attached.

RETURNS -1 if error

M ODE Any

BUSSTATES | None

SEE AL SO Abort, Term, TimeOut
EXAMPLE errorcode=Reset (ieee) ;

The Reset command provides awarm start of the interface. It is equivalent to issuing the following
command process, including clearing all error conditions:

Stop

Disarm

Reset hardware. (Resetsto Peripheral if not System Controller)
abort (if System Controller)

Error ON

Local

Request 0 (if Peripheral)

NogoghkwdpE
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8. Clear change, Trigger, and Clear Status.
9. Reset I/O adapter settingsto installed values. (BusAddress, TimeOut, IntLevel and
DmaChannel)

Resume

SYNTAX int pascal Resume (DevHandleT devHandle, bool monitor);

devHandle refersto either an interface or an external device. If devHandle
refersto an external device, then the Resume command acts on the hardware
interface to which the external device is attached.

monitor isaflag that when it is on, Driver488 monitors the data.

RETURNS -1 if error

M ODE CA

BUSSTATES | *ATN

SEE ALSO Finish

EXAMPLES errorcode

errorcode
errorcode

Resume (ieee, OFF) ; Do not go into monitoring mode.

Resume (ieee, ON) ; Go into monitoring mode.
Finish(ieee);

The Resume command unasserts the Attention (aTN) bus signal. Attention is normally kept asserted by
Driver488, but it must be unasserted to allow transfers to take place between two peripheral devices. In
this case, Driver488 sends the appropriate Talk and Listen addresses, and then must unassert Attention
with the Resume command.

If monitor isspecified, Driver488 monitors the handshaking process but does not participatein it.
Driver488 takes control synchronously when the last terminator or o1 is encountered. At that point,
the transfer of data stops. The Finish command must be called to assert Attention and release any
pending holdoffs to be ready for the next action.

SendCmd

SYNTAX int pascal SendCmd (DevHandleT devHandle, unsigned char
*commands, int len);

devHandle refersto an interface handle.

commands pointsto a string of command bytes to be sent.
len isthe length of the command string.

RESPONSE None

M ODE ca
BUSSTATES | User-defined
SEE ALSO SendData, SendEoi

EXAMPLE char command[] = “U?0";
errorcode = SendCmd(ieee, &command, sizeof command) ;

The sendcmd command sends a specified string of bytes with Attention (aTw) asserted, causing the
datato be interpreted as | EEE 488 command bytes.

SendData

SYNTAX int pascal SendData(DevHandleT devHandle, unsigned char
*data, int len);

devHandle refersto an interface handle.
data pointsto astring of data bytes to be sent.
len isthe length of the data string.
RESPONSE None

MODE Any

BUSSTATES | User-defined
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SEE AL SO SendCmd, SendEoi
EXAMPLES char datal[l = “W0X”;

errorcode = SendData(ieee, data, strlen (data));

The sendpata command provides byte-by-byte control of datatransfers and gives greater flexibility
than the other commands. This command can specify exactly which operations Driver488 executes.

SendEoi

SYNTAX int pascal SendEoi (DevHandleT devHandle, unsigned char *data,
int len);

devHandle refersto an interface handle.
data pointsto astring of data bytes to be sent.
len isthe length of the data string.
RESPONSE None

MODE Any
BUSSTATES | User-defined
SEE AL SO SendCmd, SendData

EXAMPLES char datal[]l = “W0X”;

errorcode = SendEoi(ieee, data, strlen (data)):;

The sendEoi command provides byte-by-byte control of data transfers and gives greater flexibility
than the other commands. This command can specify exactly which operations Driver488 executes.
Driver488 asserts Eo1 during the transfer of the final byte.

SPoll

SYNTAX int pascal SPoll (DevHandleT devHandle) ;
devHandle refersto either an interface or a specific external device.
RETURNS -1 if error;

otherwise, 0 or 64 (hardware interface) in the range 0 to 255
(external device)

MODE Any

BUSSTATES | ATNeUNL, MLA, TAG, SPE, *ATN, ATNeSPD, UNT

SEE ALSO SPollList, PPoll

EXAMPLES | errorcode = SPoll(ieee); Returntheinterna SRQ status
errorcode = SPoll (dmm) ; Return the Serial Poll response of the

specified device

In Active Controller mode, the spo11 (Seria Poll) command performs a Serial Poll of the bus device
specified and responds with a number from o to 255 representing the decimal equivalent of the eight-
bit device response. If rsv (D107, decimal value 64) is set, then that device is signaling that it requires
service. The meanings of the other bits are device-specific.

Serial Polls are normally performed in response to assertion of the Service Request (srQ) bus signal by
some bus device. In Active Controller mode, with the interface device specified, the spo11 command
returns the internal srQ status. If theinternal srQ statusis set, it usually indicates that the srg lineis
asserted. Driver488 thenreturnsae4. If itisnot set, indicating that srg is not asserted, then
Driver488 returnsa 0. With an external device specified, spo11 returnsthe Seria Poll status of the
specified external device.

In Peripheral mode, the spo11 command isissued only to the interface, and returns the Serial Poll
status. If rsv (D107, decimal value 64) is set, then Driver488 has not been Serial Polled since the
issuing last Request command. The rsv isreset whenever Driver488 is Serial Polled by the
Controller.
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SPollList

SYNTAX int pascal SPollList (DevHandlePT devHandles, unsigned char
*result, char untilflag);

devHandles isapointer to alist of external devices.

result isan array that isfilled in with the Seria Poll results of the corresponding
external devices.

untilflag refersto either ALL, WHILE SRQ, Of UNTIL RSV.

RETURNS -1 if error

M ODE *Ca

BUSSTATES | ATNeUNL, MLA, TAG, SPE, *ATN, ATNeSPD, UNT

SEE AL SO SPoll, PPoll

EXAMPLE deviceList[0] = wave; Return the Serial Poll response for a
deviceList[1l] = timer; list of device handles.
deviceList[2] = dmm;

deviceList[3] = NODEVICE;
result = SPollList (devicelist,
resultList, ALL);

In Active Controller mode, the spol1List (Seria Poll) command performs a Serial Poll of the bus
devices specified and responds with a number from o to 255 (representing the decimal equivalent of
the eight-bit device response) for each device onthelist. If rsv (D107, decimal value 64) is set, then
that device is signaling that it requires service. The meanings of the other bits are device-specific.

Seria Polls are normally performed in response to assertion of the Service Request (srQ) bus signal by
some bus device. In Active Controller mode with the interface device specified, the spollnist
command returns the internal srg status for each device. If theinternal srQ statusis set, it usualy
indicates that the srQ line is asserted. Driver488 thenreturnsa 4. If it isnot set, indicating that srQ
is not asserted, then Driver488 returnsa 0. With an external device specified, spPollList returnsthe
Serial Poll status of the specified external device.

In Peripheral mode, the spol1nist command isissued only to the interface and returns the Serial Poll
status. If rsv (D107, decimal value 64) is set, then Driver488 has not been Serial Polled since the last
Request command wasissued. The rsv isreset whenever Driver488 is Serial Polled by the
Controller.

Theuntilflag refersto either ALL, WHILE SRQ, OF UNTIL RsSV. If ALL ischosen, all the devices are
Seria Polled and their results placed into the result array. If untilflag iISWHILE SRQ, Driver488
Serial Polls the devices until the srg bus signal becomes unasserted, and the results are put into the
result array. If untilflag iSUNTIL RSV, Driver488 Seria Pollsthe devices until the first device
whose rsv bit is set, isfound and the results are put into the result array.

Status

SYNTAX int pascal Status(DevHandleT devHandle, IeeeStatusT *result);

devHandle refersto either an |EEE 488 interface or an external device. If
devHandle refersto an external device, status acts on the hardware
interface to which the external device is attached.

result iSapointer to astatus structure.

RETURNS -1 if error

M ODE Any

BUSSTATES | None

SEE ALSO GetError, SPoll
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EXAMPLE

}

result

Status (ieee, &StatusResult) ;

if (statusResult.transfer == TRUE) ({

printf (“We have a transfer in progress\n”);

} else {

printf (“There is no transfer in progress\n”);

The status command returns various items detailing the current state of Driver488. They are
returned in a data structure, based on the following table:

Statusltem Flag Valuesand Description

Controller Active -Ca TRUE: Active Controller, FALSE: Not CA.

System Controller le TRUE: System Controller, FALSE: Not SC.
Primary Bus Address .Primaddr 0 to 30: Two-digit decimal number.

Secondary Bus Address -Secaddr 0 to 31: Two-digit decimal number, or -1 if no address.
Address Change -addrChange | TRUE: Address change has occured, FALSE: Not so.
Talker -talker TRUE: Taker, FALSE: Not Taker

Listener .listener TRUE: Listener, FALSE: Not Listener

ByteIn -bytein TRUE: Bytein, ready to read, FALSE: Not so.
ByteOut -byteout TRUE: Byte out, ready to output, FALSE: Not so.
Service Request .SRQ TRUE: SRQ isasserted, FALSE: SRQ isnot asserted
Triggered .triggered TRUE: Trigger command received, FALSE: Not So.
Cleared -cleared TRUE: Clear command received, FALSE: Not so.
Transfer in Progress .transfer

TRUE: Transfer in progress, FALSE: Not so.

These status items are more-fully described in the following paragraphs:

e TheController Active flag (. ca) istrue if Driver488 isthe Active Controller. If Driver488is not
the System Controller, then it isinitialy a Peripheral and it becomes a controller when Driver488
receives control from the Active Controller.

e The System Controller flag (. sc) istrue if Driver488 isthe System Controller. The System
Controller mode may be configured during installation or by using the SysController command.

e ThePrimary Bus Address (. Primaddr) isthe |EEE 488 bus device primary address assigned to
Driver488 or the specified device. Thiswill be an integer from o to 30. The Secondary Bus
Address (. secaddr) isthe |IEEE 488 bus device secondary address assigned to the specified
device. Thiswill be either -1 to indicate no secondary address, or an integer from o to 31. Note
that the interface device can never have a secondary address.

e The Address Change indicator (.addrChange) is set whenever Driver488 become a Talker,
Listener, or the Active Controller, or when it becomes no longer a Talker, Listener, or the Active
Controller. Itisreset when status isread. The Talker (.talker) and Listener (.1istener)
flags reflect the current Talker/Listener state of Driver488. Asa Peripheral, Driver488 can check
this status to see if it has been addressed to Talk or addressed to Listen by the Active Controller.
In this way, the desired direction of datatransfer can be determined.

e TheByteln (.byteIn) indicator is set when the I/O adapter has received a byte that can be read by
an Enter command. The ByteOut (.byteout) indicator is set when the 1/O adapter is ready to
output data. The Service Request field (. srQ), as an active controller, reflects the |EEE 488 bus
SrQ linesignal. Asaperipheral, this status reflects the rsv bit that can be set by the Request
command and is cleared when the Driver488 is Serial Polled. For more details, refer to the spo11
command in this Sub-Chapter.

e TheTriggered (.triggered) and Cleared (. cleared) indicators are set when, as a Peripheral,
Driver488 istriggered or cleared. These two indicators are cleared when status isread. The
Triggered and Cleared indicators are not updated while asynchronous transfers are in progress.
The Transfer in Progressindicator (. transfer) indicates that an asynchronous transfer isin

progress.
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Stop

SYNTAX int pascal Stop(DevHandleT devHandle);
devHandle refersto either an interface or an external device. If devHandle
refersto an external device, the stop command acts on the hardware interface
to which the external device is attached.
RETURNS -1 if error
MODE Any
BUSSTATES | ATN (Controller)
None (Peripheral)
SEE ALSO Enter, Output, Buffered
EXAMPLE errorcode = Stop(ieee);

The stop command halts any asynchronous transfer that may be in progress. If the transfer has
completed already, then stop has no effect. The actual number of characters transferred is available
from the Buf fered command.

SysController

Driver488/SUB and Driver488/W31 only

SYNTAX int pascal SysController (DevHandleT devHandle, bool flag):;
devHandle refersto either an interface or an external device. If devHandle
refersto an external device, the syscontroller command acts on the
hardware interface to which the external deviceis attached.
flag specifies whether or not Driver488 isto be System Controller. If £1agis
oN, then Driver488 becomes System Controller. If £1ag iSOFF, then
Driver488 ceases to be System Controller.
RETURNS -1 if error
MODE Any
BUSSTATE IFC, *IFC (flag TRUE)
None (flag FALSE)
SEE ALSO Abort, Reset
EXAMPLES errorcode = SysController (ieee,ON) ;

The syscontroller command specifies whether or not the IEEE 488 interface card isto be the
System Controller. The System Controller has ultimate control of the |EEE 488 bus, and there may be
only one System Controller on abus. If Driver488isa Peripheral (that is, not System Controller), it
may still take control of bus transactions if the Active Controller passes control to Driver488.
Driver488 may then control the bus and, when it is done, pass control back to the System Controller or
other computer, which then becomes the Active Controller.

Talk

SYNTAX

int pascal Talk(DevHandleT devHandle, char pri, char sec);

devHandle refersto either an interface or an external device. If devHandle
refersto an external device, the Talk command acts on the associated
interface.

pri and sec specify the primary and secondary addresses of the device whichis
to be addressed to Talk.

Personal488 User’s Manual, Rev. 3.0

111-349

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




15B. Driver488/SUB, W31, W95, & WNT I1l. COMMAND REFERENCES - 15. Command References

RETURNS -1 if error

MODE ca

BUSSTATES | ATN, TAG

SEE ALSO Listen, SendCmd

EXAMPLES errorcode = Talk (ieee, 12, -1);

The Talk command addresses an external deviceto Talk.

Term

SYNTAX int pascal Term(DevHandleT devHandle, TermT *terminator, int
TermType) ;

devHandle refersto either an interface or an external device.
terminator iSapointer to the terminator structure.
TermType Can be either IN, ouT, or IN+oUT, specifying whether input, output, or

both are being set.
RETURNS -1 if error
MODE Any
BUSSTATES | None
SEE ALSO Enter, Output, Status, EOL (Sub-Chapter 153)
EXAMPLE term.EOI = TRUE;
term.nChar = 1;

term.EightBits = TRUE;
term.termChar[0] = 13;
errorcode = Term(ieee, &term, IN) ;

The Term command sets the end-of-line (EoL) terminators for input from, and output to, I/O adapter
devices. These terminators are sent at the end of output data and expected at the end of input data, in
the manner of cr LF as used with printer data.

During output, Term appends the bus output terminator to the data before sending it to the 1/0O adapter
device. Conversely, when Driver488 receives the bus input terminator, it recognizes the end of a
transfer and returns the data to the calling application. The terminators never appear in the data
transferred to or from the calling application. The default terminators for both input and output are set
by the startup configuration and are normally cr LF EOI, which is appropriate for most bus devices.

End-Or-ldentify (Eoz) has a different meaning when it is specified for input than when it is specified
for output. During input, EoT specifiesthat input is terminated on detection of the Eot bus signal,
regardless of which characters have been received. During output, Eox specifies that the Eox bus
signal isto be asserted during the last byte transferred.

TermQuery

Driver488/W95 only

SYNTAX INT TermQuery (DevHandleT devHandle, TermT *terminator, INT
TermType) ;

devHandle refersto either an interface or an external device.
terminator iSapointer to the terminator structure.
TermType Can be either IN, ouT, or IN+o0UT, specifying whether input, output, or

both are being set.
RETURNS -1 if error
MODE Any
BUSSTATES | None
SEE ALSO Term, Enter, Output, Status, EOL (Sub-Chapter 153)

EXAMPLE None provided.
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Thisisanew function in Driver488/W95. The TermQuery function queries the terminators setting.
Terminators are defined by the TermT Structure.

TimeOut

SYNTAX int pascal TimeOut (DevHandleT devHandle, long millisec);
devHandle refersto either an IEEE 488 interface or an external device.
millisec iSanumeric value given in milliseconds.

RETURNS -1 if error

MODE Any

BUSSTATES | None

SEE AL SO Reset

EXAMPLE errorcode = TimeOut (ieee, 100); Set the timeout value to 100 msec.

The Timeout command sets the number of milliseconds that Driver488 waits for atransfer before
declaring atime out error. Driver488 checks for timeout errors on every byte it transfers, except in the
case of asynchronous transfers. While the first byte of an asynchronous transfer is checked for time
out, subsequent bytes are not. The user’s program must check for timely completion of an
asynchronous transfer.

Time out checking may be suppressed by specifying atime out value of zero seconds, which specifies
an infinite timeout. The default time out is specified in the startup configuration, normally 10 seconds.
The time out interval may be specified to the nearest 0. 001 seconds (1 millisecond). However, due to
the limitations of the computer, the actual interval is always a multiple of 55 milliseconds and thereis
an uncertainty of 55 msec in the actual interval. Time out intervalsfrom 1 to 110 milliseconds are
rounded to 110 milliseconds. Larger intervals are rounded to the nearest multiple of 55 msec (e.g.
165, 220, 275 MSEC, €tc.).

TimeOutQuery
Driver488/W95 only
SYNTAX INT pascal TimeOutQuery (DevHandleT devHandle, DWORD
millisec);

devHandle refersto either an |EEE 488 interface or an external device.

millisec iSanumeric value given in milliseconds.
RETURNS -1 if error
MODE Any
BUSSTATES | None
SEE AL SO TimeOut, Reset
EXAMPLE None provided.

Thisisanew function in Driver4d88/W95. The TimeoutQuery function queries the time out setting,
given in milliseconds.

Trigger
SYNTAX int pascal Trigger (DevHandleT devHandle) ;
devHandle refersto either an |EEE 488 interface or an external device.
RETURNS -1 if error
MODE CA
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BUSSTATES | ATNeGET (interface handle)
ATNeUNL, MTA, LAG, GET (external device handle)
SEE AL SO TriggerList, Status, SendCmd
EXAMPLES | errorcode = Issue a Group Execute Trigger (GET) bus command to those
Trigger (ieee) ; devices that are already in the Listen state as the result of
a previous Output or Send command:
errorcode = Issue a Group Execute Trigger (GET) bus command to the
Trigger (dmm) ; device specified:

The Trigger command issues a Group Execute Trigger (GET) bus command to the specified device.
If no interface devices are specified, then the GeT only affects those devices that are already in the
Listen state as aresult of aprevious output Or Send command.

TriggerList

SYNTAX int pascal TriggerList (DevHandlePT devHandles) ;
devHandles iSapointer to alist of external devices.

RETURNS -1 if error

MODE ca

BUSSTATES | ATNeUNL, MTA, LAG, GET

SEE ALSO Trigger, SendCmd, Status

EXAMPLE deviceList[0] = wave; I ssue a Group Execute
deviceList[1] = timer; Trigger (GET) bus
deviceList[2] = dmm; i
deviceList[3] = NODEVICE; Comr??ddéo"?‘“g of
errorcode = TriggerList(deviceList); Speciti EVICES.

The TriggerList command issues a Group Execute Trigger (GET) bus command to the specified
devices. If no interface devices are specified, then the GeT affects those devices that are already in the
Listen state as aresult of aprevious output Or Send command.

UnListen
SYNTAX int pascal UnListen (DevHandleT devHandle) ;
devHandle refersto either an interface or an external device. If devHandle
refersto an external device, the unListen command acts on the associated
interface.
RETURNS -1 if error
MODE CA
BUSSTATES | ATN, UNL
SEE ALSO Listen, UnTalk, SendCmd, Status
EXAMPLE errorcode = UnListen (ieee);

The unListen command unaddresses an external device that was addressed to Listen.

UnTalk
SYNTAX int pascal UnTalk (DevHandleT devHandle);
devHandle refersto either an interface or an external device. If devHandle
refersto an external device, the tnTalk command acts on the associated
interface.
RETURNS -1 if error
MODE CA
BUSSTATES | ATN, UNT
SEE ALSO Talk, UnListen, SendCmd, Status
EXAMPLE errorcode = UnTalk (ieee);
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The unTalk command unaddresses an external device that was addressed to Talk.

Wait

SYNTAX

int pascal Wait (DevHandleT devHandle) ;

devHandle refersto either an interface or an external device. If devHandle isan
externa device, the wait command acts on the hardware interface to which
the external device is attached.

RETURNS

-1 if error

MODE

Any

BUSSTATES

Determined by previous Enter or Output command.

SEE ALSO

Enter, Output, Buffered, Status

EXAMPLE

errorcode = Wait(ieee);

Thewait command causes Driver488 to wait until any asynchronous transfer has completed before
returning to the user’s program. It can be used to guarantee that the data has actually been received
before beginning to processit, or that it has been sent before overwriting the buffer. It is especialy
useful with the Enter command, when aterminator has been specified. In that case, the amount that is
actualy received is unknown, and so the user’s program must check with Driver488 to determine when
the transfer isdone. Time out checking, if enabled, is performed while wai ting.
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IV. TROUBLESHOOTING

Chapters
16, OVEIVIBW ..ottt e e e ettt e e e e e e e eeennes 1VV-355
17. Radio Interference Problems...........ccccciiiiiiiiciiiiinns 1VV-356
18. Troubleshooting Checklists ..........cccooooiiiiiiiiiiiiiii, 1VV-357
19.  ErrOr MESSAQES. ... oottt 1VV-361

16. Overview

This Section consists of basic troubleshooting checklists, steps to correct radio frequency interference
problems, aswell as alist of error messages for Driver488. The troubleshooting checklists, which
pertain to problems resulting from improper software installation or configuration, are nearly identical
for each Driver488 version. However, since subtle differences do exist among these drivers, it is
important to refer to the correct list.

The“Error Messages’ Chapter containsalist of error codes in numerical sequence and a descriptions
of the corresponding text for each error message. |f a software-related problem exists with your driver,
please refer to the following material prior to contacting your service representative.
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17.

Radio Interference Problems

Personal488 hardware systems generate, use and can radiate radio frequency energy, and if not
installed and not used correctly, may cause harmful interference to radio communications. However,
there is no guarantee that interference will not occur in a particular installation. 1f this equipment does
cause harmful interference to radio or television reception, which can be determined by turning the
equipment off and on, the user is encouraged to try to correct the interference by one or more of the
following measures:

1. Reorient or relocate the receiving antenna.
2. Increase the separation between the equipment and receiver.

3. Connect the equipment to an outlet on acircuit different from that to which the receiver is
connected.

4. Consult the dealer of an experienced radio/television technician for help.

The following booklet prepared by the FCC may a so be helpful: How to Identify and Resolve Radio-
TV Interference Problems. This booklet is available from the U.S. Government Printing Office,
Washington, D.C. 20402, Stock Number 004-000-00345-4.

An FCC Radio Frequency Interference Statement appears in the front section of the manual.
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18. Troubleshooting Checklists

Sub-Chapters

YAV 1o o o To [ o3 o o] o IF TR 1\vV-357
18B. DriVEr488/DRV ... 1V-357
18C. Driverd88/SUB ... 1VV-358
18D. DIriVEr488/W3L.. ..ot 1VV-359
18E. Driver488/W95 & Driverd88/\WNT.......cccooeevieiiieiiieeeeeeeiinnnn, 1\VV-360

18A. Introduction

For any type of Personal488 Driver, if during or after installation you notice any of the following:
e  Error messages when trying to load DRVR488 . EXE OF DRVR4 88W . EXE in memory.

e Failuresinwriting to an instrument using an output command.

e  Canwrite but cannot read from an instrument using an Enter command.

e Unusualy slow transfer on the |IEEE 488 bus.

e General failures of basic Driver488 commands.

Please review the following steps to ensure your Driver488 software is properly configured and
installed.

18B. Driver488/DRV

1. Remove the card from the computer and note the selected switch and jumper settings, such as those
for: 1/O address, DMA channel, and interrupt level. For switch and jumper definitions, refer to
“Section |: Hardware Guides’ in thismanual. If you have an NB488, which isthe paralld to
|EEE 488 controller interface, verify the interrupt level of your LPT port or run the NBTEST
program.

2. Runthe conrFIc program which acts as an editor of the DRVR488 . INT initidization file. This
DRVR488.INI fileisreferred to by the DRVR488 . EXE TSR program when loading in memory. If
thisinitialization file is not edited properly, the brvrR4 88 . EXE program will fail during loading or
when communicating on the bus.

3. Inthe conFie program, first select the pEVICE TYPE which can be: MP488CT, MP488, AT488,
GP488 or NB488. These are 5 different hardware interfaces that are supported by the same
Driver488 software. Y ou should select the interface that you are using. To identify your interface,
refer to “ Section I: Hardware Guides.”

Note: For GP488 users (which is an 8-bit IEEE 488 controller plug-in card), make sure you have
arecent and compatible version of the hardware.

4. OncetheDEVICE TYPE isselected, start selecting the 1/0 address, DMA channel and interrupt
level according to the switch settings determined in Sep 1 above. Make sure none of these
parameters are used concurrently somewhere else in the computer, otherwise a system crash is
probable. In the case of an NB488, the DMA channel is not applicable.

5. Theinterface NaME represents the DOS device name of the controller interface. ThisNaME is
recommended to be |EEE for direct compatibility with application programs. This NaME should
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10.

11.

12.

not be related to an external instrument unless you are configuring an external device and not the
interface itself.

To configure an external device, press <F5>. Notethat it is not hecessary to communicate with
instruments, an address number (o to 30) can be used instead.

The | EEE bus address should be set to any address between o and 30 (preferably 21) and should
not conflict with any addresses on the bus. Thisis not the address of your instrument and should
not be, unless you are configuring an external device and not the interface itself.

To configure an external device, press <F5>. Notethat it isnot necessary to configure adevice in
order to communicate with it, an address number (0 to 30) can be used instead.

SYS CONTROLLER and LIGHT PEN typically should be checked unless you are using the interface
in Peripheral mode.

Press <F7> to get a picture of the configured board and verify jumper settings.
Press <F10> to save the brRvR488. INT file and exit.

If the DRVR488 . EXE is already |oaded in memory, remove it or simply reboot your computer and
reload it again because the DRVR4 88 . EXE reads the brRvR488 . INT file only at loading time.

Before starting to program in a high-level language, run the kBc . EXE program from the \UTILS
directory and make sure you can read and write, and communicate properly with your instrument
by using the ouTpPuT and ENTER commands. For information on the use of the KBC.EXE
program, refer to the Sub-Chapter “ Getting Started” in Chapter 8 “Driver488/DRV.”

If you can write properly to your instrument but you cannot read anything fromit, refer to the
TERM command in “ Section 111: Command References’ in this manual, to match up the terminators
sent by the instrument with the terminators expected by the Driver488. Refer to your instrument
manual to find the types of terminators appended to its response. Typically, these terminators are
crand LF.

If problems still persist, consult your service representative for assistance. Once Driver488/DRYV is
properly installed and configured, you are ready to start programming.

18C.

Driver488/SUB

Remove the card from the computer and note the selected switch and jumper settings, such as those
for: 1/O address, DMA channel, and interrupt level. For switch and jumper definitions, refer to
“Section |: Hardware Guides’ in thismanual. If you have an NB488, which isthe paralld to

|EEE 488 controller interface, verify the interrupt level of your LPT port or run the NBTEST
program.

Run the conFIG program which acts as an editor of the DRvR488 . INT initialization file. This
DRVR488.INI fileisreferred to by the DRVE488 . EXE TSR program when loading in memory. If
thisinitialization file is not edited properly, the brvrR4 88 . EXE program will fail during loading or
when communicating on the bus.

In the conFIe program, first select the pEvice TyYPE which can be: MP488CT, MP488, AT488,
GP488 or NB488. These are 5 different hardware interfaces that are supported by the same
Driver488 software. Y ou should select the interface that you are using. To identify your interface,
refer to “ Section I: Hardware Guides.”

Note: For GP488 users (which is an 8-bit |IEEE 488 controller plug-in card), make sure you have
arecent and compatible version of the hardware.

Oncethe DEVICE TYPE is selected, start selecting the I/0O address, DMA channel and interrupt
level according to the switch settings determined in Sep 1 above. Make sure none of these
parameters are used concurrently somewhere else in the computer, otherwise a system crash is
probable. In the case of an NB488, the DMA channel is not applicable.
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IV. TROUBLESHOQOTING - 18. Troubleshooting Checklists

5.

10.
11.

12.

13.

The interface NaME represents DOS device name of the controller interface. ThisNAME is
recommended to be |EEE for direct compatibility with application programs. This NaME should
not be related to an external instrument unless you are configuring an external device and not the
interface itself.

To configure an external device, refer to Step 9 below.

The | EEE bus address should be set to any address between 0 and 30 and should not conflict with
any addresses on the bus. Thisis not the address of your instrument and should not be, unless you
are configuring an external device and not the interface itself.

To configure an external device, refer to Sep 9 below.

SysController and LightPen typically should be checked unless you are using the interface in
Peripheral mode.

Press <F7> to get a picture of the configured board and verify jumper settings.

Press <F5> to configure an external device. The default istwo devices. pEv and wave. At least
one known device name should be configured in order to execute the subroutine *openName”
successfully. It isnot recommended to delete bEV or wave for compatibility purposes.

Press <F10> to save the DrRvVR488 . INT file and exit.

If the DRVR488 . EXE is already |oaded in memory, remove it or simply reboot your computer and
reload it again because the bRVR488 . EXE reads the DRvR488 . INT file only at loading time.

Start writing asimple program in a high-level language (¢, BASIC, Or Pascal) using the output
and Enter subroutines to make sure you can read and write, and communicate properly with your
instrument. For information on how to write a program, refer to the Sub-Chapter “Getting Started”
in Chapter 9 “Driver488/SUB.”

If you can write properly to your instrument but you cannot read anything fromit, refer to the
Term Subroutine in “Section 111: Command References’ in this manual, to match up the
terminators sent by the instrument with the terminators expected by the Driver488. Refer to your
instrument manual to find the types of terminators appended to its response. Typicaly, these
terminatorsare cr and LF.

If problems still persist, consult your service representative for assistance. Once Driver488/SUB is
properly installed and configured, you are ready to start programming..

18D.

Driver488/W31

Remove the card from the computer and note the selected switch and jumper settings, such as those
for: 1/O address, DMA channel, and interrupt level. For switch and jumper definitions, refer to
“Section |: Hardware Guides’ in thismanual. 1f you have an NB488, which isthe parallel to

| EEE 488 controller interface, verify the interrupt level of your LPT port or run the NBTEST
program.

Run the conF1e program which acts as an editor of the bDRvR488w. INT initidization file. This
DRVR488W. INI isreferred to by the DRVR488W. EXE program when loading in memory. If this
initialization file is not edited properly, the brRvR4 88w. EXE program will fail during loading or
when communicating on the bus.

In the conF1e program, first select the bEvice TYPE which can be: MP488CT, MP488, AT488,
GP488 or NB488. These are 5 different hardware interfaces that are supported by the same
Driver488 software. Y ou should select the interface that you are using. To identify your interface,
refer to “ Section |: Hardware Guides.”

Note: For GP488 users (which isan 8-bit |EEE 488 controller plug-in card), make sure you have
arecent and compatible version of the hardware.

OncetheDEVICE TYPE isselected, start selecting the 1/0 address, DMA channel and interrupt
level according to the switch settings determined in Sep 1 above. Make sure none of these
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IV. TROUBLESHOOTING - 18. Troubleshooting Checklists 18E. Driver488/W95

parameters are used concurrently somewhere else in the computer, otherwise a system crash is
probable. In the case of NB488, the DMA channel is not applicable.

5. Theinterface NaME represents DOS device name of the controller interface. ThisNAME is
recommended to be |EEE for direct compatibility with application programs. This NaME should
not be related to an external instrument unless you are configuring an external device and not the
interface itself.

6. ThelEEE bus address should be set to any address between 0 and 30 and should not conflict with
any addresses on the bus. Thisis not the address of your instrument and should not be, unless you
are configuring an external device and not the interface itself.

7. sysController and LightPen typically should be checked unless you are using the interface in
Peripheral mode.

8. Press<F7> to get apicture of the configured board and verify jumper settings.
9. Press<F10> to savethe prRvR488. INT file and exit.

10. If the DRVR488W.EXE iS aready loaded in memory, remove it. DRVR488W . EXE reads the
DRVR488W. INI file only at loading time.

11. Before starting to program in a high-level language, run the QUIKTEST or WINTEST program from
the \uTzLs directory and make sure you can read and write, and communicate properly with your
instrument. For information on the use of QUIKTEST and WINTEST, refer to the Sub-Chapter
“Getting Started” in Chapter 10 “Driver488/WIN.”

12. If you can write properly to your instrument but you cannot read anything from it, refer to the
Term Subroutine in “Section 111: Command References’ in this manual, to match up the
terminators sent by the instrument with the terminators expected by Driver488. Refer to your
instrument manual to find the types of terminators appended to its response. Typicaly, these
terminators are cr and LF.

If problems still persist, consult your service representative for assistance. Once Driver488/W31is
properly installed and configured, you are ready to start programming.

18E. Driver488/W95 & Driver488/WNT

Note: Thedifferencesamong Driver488 for Windows 3.x, Windows 95 and Windows NT are
dight. However, because additional changes are being made to Driver488/W95 and
Driver488/WNT at the time thismanual is being revised, refer to your operating system
header file (and README . TXT text file, if present) to obtain the current material on these
driver versions.
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IV. TROUBLESHOOTING

19.

Error Messages

Error Number and M essage Text Description
00 OK No error has occurred.
01 TIME OUT - NOT ADDRESSED TO ENTER as a Peripheral did not receive data
LISTEN within the TIME OUT period.

02 AUTOINITIALIZE MODE NOT ALLOWED This error message is obsolete in Driver488
Rev.3.0.

03 SYSTEM ERROR - BUFFER MODE NOT Internal system error. Report to factory.

SUPPORTED

04 TIME OUT ERROR ON DATA READ Expected bus data was not received within
the TIME OUT period.

05 SYSTEM ERROR - INVALID INTERNAL Internal system error. Report to factory.

MODE

06 INVALID CHANNEL FOR DMA This error message is obsolete in Driver488
Rev.4.0.

07 TIME OUT ON DMA TRANSFER This error message is obsolete in Driver488
Rev.4.0.

08 TIME OUT - NOT ADDRESSED TO TALK | OUTPUT asa Periphera was not possible
within the TIME OUT period.

09 TIME OUT OR BUS ERROR ON WRITE Error occurred transferring a data byte to a
bus service.

10 SEQUENCE - NO DATA AVAILABLE The user’s program attempted to read from
Driver488 when no response or data
was available.

11 SEQUENCE - DATA HAS NOT BEEN READ | Theuser'sprogram attempted to write data
or commands to Driver488 without
reading back the response to a previous
command.

12 SYSTEM ERROR - ON PEN INTS Internal system error. Report to factory.

ALREADY ON
13 SYSTEM ERROR - INVALID ON PEN Internal system error. Report to factory.
INIT
14 SYSTEM ERROR - LIKELY MEMORY Internal system error. Report to factory.
CORRUPTION
15 SYSTEM ERROR - ON PEN INTS Internal system error. Report to factory.
ALREADY OFF
16 BOARD DOES NOT RESPOND AT Driver488 is unable to communicate with
SPECIFIED ADDRESS the IEEE interface board. Check the
board address configuration, and the
software installation.

17 TIME OUT ON COMMAND (MTA) MyTalkAddress could not be sent within the
TIME OUT period.

18 TIME OUT ON COMMAND (MLA) MyListenAddress could not be sent within
the TIME OUT period.

19 TIME OUT ON COMMAND (LAG) Listen address(es) could not be sent within
the TIME OUT period.

20 TIME OUT ON COMMAND (TAG) Talk address could not be sent within the
TIME OUT period.

21 TIME OUT ON COMMAND (UNL) UnListen could not be sent within the TIME
OUT period.

22 TIME OUT ON COMMAND (UNT) UnTalk could not be sent within the TIME
OUT period.
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23

ONLY AVAILABLE TO SYSTEM
CONTROLLER

Driver488 could not execute a command
because it was not the System
Controller.

24

RESPONSE MUST BE 0 THROUGH 15

The RESPONSE parameter of the PPOL L
CONFIG command must be within the
range of 0 to 15.

25

NOT A PERIPHERAL

The REQUEST command is only valid
when Driver488 isin the Peripheral
(*CA) mode.

26

SYSTEM ERROR - TIMER INTS ALREADY
ON

Internal system error. Report to factory.

217

SYSTEM ERROR - INVALID TIMER INIT

Internal system error. Report to factory.

28

SYSTEM ERROR - TIMER INTS ALREADY
OFF

Internal system error. Report to factory.

29

ADDRESS REQUIRED

PASS CONTROL requires an address.

30

TIME OUT VALUE MUST BE FROM 0 TO
65535

The TIME OUT period must be within the
specified range.

31

MUST BE ADDRESSED TO TALK

DATA or EOl SEND subcommands are
invalid unless Driver488 is already
addressed to talk by MTA.

32

VALUE MUST BE BETWEEN 0 AND 255

Data bytes specified numericaly in the
SEND command must be 8-bit integers.

33

INVALID BASE ADDRESS

I/O port base addresses must end in O, 1, or
8 when expressed in hexadecimal.

34

INVALID BUS ADDRESS

|EEE 488 bus addresses must be in the
range of 0 to 30.

35

BAD DMA CHAN NO. OR DMA NOT
ENABLED

This error message is obsolete in Driver488
Rev.4.0.

36

NOT AVAILABLE TO A PERIPHERAL

In Peripheral mode Driver488 cannot send
bus commands such as device
addresses.

37

INVALID PRIMARY ADDRESS

| EEE 488 bus addresses must be in the
range of 0 to 30.

38

INVALID SECONDARY ADDRESS

| EEE 488 bus secondary addresses must be
in the range of 0 to 31.

39

INVALID - TRANSFER OF ZERO BYTES

A #count of zero bytesis not valid.

40

NOT ADDRESSED TO LISTEN

In Controller mode, ENTER without
specifying abus addressis not valid
unless Driver488 is already addressed
to listen.

41

COMMAND SYNTAX ERROR

Error in specifying command.

42

UNABLE TO CHANGE MODE AFTER
BOOTUP

This error message is obsolete in Driver488
Rev.4.0.

43

TIME OUT WAITING FOR ATTENTION

As a Peripheral, executing an ENTER
command, Attention did not become
unasserted within the TIME OUT
period.

44

DEMO VERSION - CAPABILITY
EXHAUSTED

The DEMO version of Driver488 is limited
to 100 commands per session.

45

DEMO VERSION - ONLY ONE ADDRESS

The DEMO version of Driver488 can
control only one instrument at one |EEE
488 bus address.

46

OPTION NOT AVAILABLE

This error message is obsolete in Driver488
Rev.4.0.
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47 VALUE MUST BE BETWEEN 1 AND 8 The |EEE 488 interface board clock
frequency must be between 1 and 8.
48 TIME OUT - CONTROL NOT ACCEPTED No device took control of the |EEE 488 bus
after aPASS CONTROL.
49 UNABLE TO ADDRESS SELF TO TALK OR | A TALK or LISTEN subcommand ina
LISTEN SEND command specified the
controller's own address. Use MTA or
MLA instead.
50 TIME OUT ON COMMAND A time out error occurred during a SEND
command.
51 CANNOT DMA ON ODD BOUNDARY Internal system error. Report to factory.
52 INTERRUPT %d DOES NOT EXIST Invalid interrupt chosen. Check hardware
Settings.
53 INTERRUPT %d IS NOT SHAREABLE Another device aready controls this
interrupt.
54 | UNABLE TO ALLOCATE DYNAMIC MEMORY | Internal system error. Report to factory.
FOR INT %d
55 SHARED INTERRUPT %d CHAIN Internal system error. Report to factory.
CORRUPTED
56 TOO MANY ACTIVE TIMEOUTS Internal system error. Report to factory.
57 INVALID DEVICE HANDLE %d Device handle was not opened. Must first
open device and assign handle.
58 OUT OF DEVICE HANDLES Too many device handles opened. Must
close unused handles.
59 UNKNOWN DEVICE: %s Device not configured. Use MakeDeviceto
create.
60 DRIVER NOT LOADED Driver isnot loaded. Must load driver to
run.
61 INVALID LIST OF DEVICE HANDLES Array of device handles does not contain
valid handles.
62 INVALID TERMINATOR STRUCTURE Terminator structure does not contain valid
data.
63 INVALID DATA POINTER Data pointer isNULL or pointsto invalid
data.
64 INVALID POINTER TO STATUS Status structure addressisinvalid or NULL.
STRUCTURE
65 INVALID NAME POINTER Name parameter is empty or addressis
invalid.
66 SYSTEM ERROR - INVALID INTERNAL Internal system error. Report to factory.
POINTER
67 INVALID STRING FOR ERROR TEXT Error text string addressisinvalid.
68 | UNABLE TO FIND ERROR CODE Internal system error. Report to factory.
REPORTER
69 | UNABLE TO TRANSLATE ERROR CODE Internal system error. Report to factory.
70 DMA CHANNEL %d DOES NOT EXIST Specified DMA channel does not exist.
Check hardware settings.
71 DMA CHANNEL %d NOT AVAILABLE Specified DMA channel is not available for
use by Driver. Choose another channel.
72 DMA CHANNEL %d ALREADY IN USE Specified DMA channel is already being
used by another device. Choose
another channel.
73 UNABLE TO ALLOCATE MEMORY FOR Internal system error. Report to factory.
ASYNCHRONOUS I/O
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74

UNKNOWN DOS DEVICE NAME

Driver488 DOS device name not known.
Must create Driver488 DOS device
name with the Make Dos Name
command.

75

UNABLE TO ALLOCATE MEMORY FOR NEW
DEVICE

Ran out of memory. Remove some devices
to restore memory.

76

UNKNOWN SLAVE DEVICE

Internal system error. Report to factory.

77

SLAVE DEVICE NOT SPECIFIED

Corrupt initiaization file. Run the Install
program.

78

UNABLE TO CREATE DOS DEVICE NAME

Internal system error. Report to factory.

79

UNABLE TO INITIALIZE DEVICE

Corrupt initiaization file. Run the Install
program.

80

ATTEMPTED TO REMOVE SLAVE DEVICE

Attempt to remove device which is required
for operation by another device.

81

DATA OVERRUN

Serial input overflow.

82

(None)

(None)

83

FRAMING ERROR

Seria data corrupt. Possible incorrect
Serial port configuration.

84

TIME OUT ON SERIAL COMMUNICATION

Serial device did not respond.

85

UNKNOWN PARAMETER OF TYPE %d
SPECIFIED :\n %s = %s

Internal system error. Report to factory.

86

BUS ERROR - NO LISTENERS

No Listeners found on bus.

87

TIME OUT ON MONITOR DATA

Expected terminator was not received.

88

INVALID VALUE SPECIFIED

Specified valueisinvalid for application.
See command for proper value types.

89

NO TERMINATOR SPECIFIED

Terminator must be specified. Check
terminator value.

90

NOT AVAILABLE IN 8-BIT SLOT

Specified option is not available when the
1/0O adapter isfitted into an 8-bit dot.

91

TOO MANY PENDING EVENTS

Internal system error. Report to factory.

92

BREAK ERROR

Serial receiver detected break.

93

UNEXPECTED CHANGE OF CONTROL
LINES

Handshake lines changed during
transmission.

94

TIME OUT ON CTS

Hardware handshake not satisfied within
time out. Check cabling and connected
device.

95

TIME OUT ON DSR

Hardware handshake not satisfied within
time out. Check cabling and connected
device.

96

TIME OUT ON DCD

Hardware handshake not satisfied within
time out. Check cabling and connected
device.

97

CANNOT SEND EOI WITHOUT DATA

Transmission of EOI was requested when
no data was available to send.

98

ADDRESS STATUS CHANGE DURING
TRANSFER

Talker/Listener mode changed during data
transfer, possibly due to activity of
some other device on the | EEE 488 bus.

99

UNABLE TO MAKE NEW DEVICE

MakeDevice or CreateDevice was unable to
create a new device, possibly due to the
number of devices which already
existed.

100

(None)

(None)

101

COMMAND SYNTAX ERROR: %

Command interpreter was unable to
interpret command and no other
information was available.
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102 | ERROR OPENING DEVICE %s Possible loss of electrical or logical
connection.

103 | DEVICE %s CURRENTLY LOCKED BY %s | Deviceisin use by another processor ina
multiprocessing environment. (This
does not refer to multitasking
environments.)

104 | TIME OUT ON NETWORK Unable to access a remote communications

COMMUNICATIONS device within the time out interval.

105 | ERROR: DEVICE IS NOT OPEN Attempt to access a device which has not
been opened or has subsequently been
closed.

106 | IPX IS NOT LOADED Unable to access device via network
communications.

107 | INTERFACE IS BUSY Remote | EEE 488 interface is busy.

108 | TIMER/COUNTER REQUIRES INTERRUPTS | Interruptsarerequired for proper Driver488

TO BE CONFIGURED function of this device.

109 | INVALID INTERRUPT LEVEL Request interrupt level is not supported by
this hardware.

110 | MUST REMOVE DOS NAME FIRST Attempted to remove a Driver488 device
underlying a DOS device.

111 | NO WINDOWS TIMERS AVAILABLE Driver488/W31 requires use of a Windows
timer which was unavailable. Close
other applications using Windows
timers and retry.
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V. APPENDIX

Bus States, BusLines & Bus Commands

BusState BusLines Data Transfer (DIO) Lines
8 7 6 5 4 3 2 1
Hex Value (QuickBASIC) &H80 | &H40 | &H20 | &H10 | &HO8 | &H04 | &HO2 | &HO1
Decimal Value 128 64 32 16 8 4 2 1
Bus M anagement Lines
IFC Interface Clear
REN Remote Enable
| EEE 488 I nterface: Bus M anagement Lines
ATN Attention (&HO04) 0 0 0 0 0 1 0 0
EOI End-Or-Identify (& H80) 1 0 0 0 0 0 0 0
SRQ Service Request (& H40) 0 1 0 0 0 0 0 0
| EEE 488 Interface: Handshake Lines
DAV Data Valid (& HO8) 0 0 0 0 1 0 0 0
NDAC Not Data Accepted (& H10) 0 0 0 1 0 0 0 0
NRFD Not Ready For Data (& H20) 0 0 1 0 0 0 0 0
Serial Interface: Bus M anagement Lines
DTR Data Terminal Ready (&HO2) 0 0 0 0 0 0 1 0
RI Ring Indicator (& H10) 0 0 0 1 0 0 0 0
RTS Request To Send (&HO1) 0 0 0 0 0 0 0 1
Serial Interface: Handshake Lines
CTS Clear To Send (&H04) 0 0 0 0 0 1 0 0
DCD Data Carrier Detect (& HO8) 0 0 0 0 1 0 0 0
DSR Data Set Ready (& H20) 0 0 1 0 0 0 0 0
BusState Bus Commands Data Transfer (DIO) Lines
(IEEE 488) (ATNisasserted“1") 8 7 6 5 4 3 2 1
Hex Value (QuickBASIC) &H80 | &H40 | &H20 | &HI0 | &HO8 | &HO04 | &HO2 | &HOL
Decimal Value 128 64 32 16 8 4 2 1
DCL Device Clear X 0 0 1 0 1 0 0
GET Group Execute Trigger (&H08) X 0 0 0 1 0 0 0
GTL Go To Loca (&HO01) X 0 0 0 0 0 0 1
LAG Listen Address Group (&H20-3F) X 0 1 a d d r n
LLO Local Lock Out (&H11) X 0 0 1 0 0 0 1
MLA My Listen Address X 0 1 a d d r n
MTA My Talk Address X 1 0 a d d r n
PPC Parallel Poll Config X 1 1 0 S p2 P1 PO
PPD Parallel Poll Disable (& HO7) X 0 0 0 0 1 1 1
PPU Parallel Poll Unconfig (&H15) X 0 0 1 0 1 0 1
ScG Second. Cmd. Group (&H60-7F) X 1 1 [ 0 m m d
sbC Selected Device Clear (& H04) X 0 0 0 0 1 0 0
SPD Serial Poll Disable (& H19) X 0 0 1 1 0 0 1
SPE Serial Poll Enable (& H18) X 0 0 1 1 0 0 0
TAG Talker Address Group (& H40-5F) X 1 0 a d d r n
TCT Take Control (&HQ09) X 0 0 0 1 0 0 1
UNL Unlisten (& H3F) X 0 1 1 1 1 1 1
UNT Untalk (&H5F) X 1 0 1 1 1 1 1
(x ="“don’t care”)
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ASCII Character Codes & |EEE 488 Bus Line M essages

Box Items

Hex Vaue | $41 65 | Decima Value

A~
BusMessage | 01 |~ ASCII Character

$00 0 | $10 16 | $20 32 (830 48 | $40 64 | $50 80 [ $60 96 | $70 112

NUL DLE SP 0 @ P 3 p
00 16 00 16 SCG SCG
$01 11811 17 | $21 33 | $31 49 [$41 65 | $51 81 | $61 97 | $71 113
SOH DC1 ! 1 A Q a q
GTL LLO 01 17 01 17 SCG SCG
$02 2 | $12 18 | $22 34 |$32 50 |$42 66 | $52 82| $62 98 | $72 114
STX DC2 " 2 B R b r
02 18 02 18 SCG SCG
$03 3 [$13 19 [ $23 35 | $33 51 | $43 67 | $53 83 | $63 99 | 873 115
ETX DC3 # 3 c S c s
03 19 03 19 SCG SCG
$04 4| %14 20 | $24 36 |$34 52 | $44 68 | $54 84 | $64 100 | $74 116
EOT DC4 S 4 D T d t
SDC DCL 04 20 04 20 SCG SCG
$05 5 |%$15 21| $25 37 | $35 53 | $45 69 | $55 85| $65 101 | $75 117
ENQ NAK % 5 E U e u
PPU 05 21 05 21 SCG SCG
$06 6 | $16 22 | $26 38 | $36 54 | $46 70 | $56 86 | $66 102 | $76 118
ACK SYN & 6 F \% f v
06 22 06 22 SCG SCG
$07 7| $17 23 | $27 39 | $37 55 | $47 71 | $57 87 | $67 103 | $77 119
BEL ETB 9 7 G w g w
PPD 07 23 07 23 SCG SCG
$08 8 [$18 24 | $28 40 | $38 56 |$48 72 | $58 88 | $68 104 | $78 120
BS CAN ( 8 H X h X
GET SPE 08 24 08 24 SCG SCG
$09 9 | $19 25 | $29 41 | $39 57 | $49 73 | $59 89 | $69 105 | $79 121
HT EM ) 9 1 Y i y
TCT SPD 09 25 09 25 SCG SCG
$0A 10 | $1A 26 | $2A 42 | $3A 58 | $4A 74 | $5A 90 | $6A 106 | $7A 122
LF SUB % 0 J VA j z
10 26 10 26 SCG SCG
$0B 11 | $1B 27 | $2B 43 | $3B 59 | $4B 75 | $5B 91| $6B 107 | $7B 123
VT ESC + ; K [ k {
11 27 11 27 SCG SCG
$0C 12 | $1C 28 | $2C 44 | $3C 60 |$4C 76 | $5C 92 | $6C 108 | $7C 124
FF FS - < L \ 1 I
12 28 12 28 SCG SCG
$0D 13 | $1D 29 | $2D 45 | $3D 61 | $4D 77 | $5D 93 | $6D 109 | $7D 125
CR GS - = M I m
13 29 13 29 SCG SCG
$OE 14 | $1E 30 | $2E 46 | $3E 62 | $4E 78 | $5E 94 | $6E 110 | $7E 126
SO RS . > N A n ~
14 30 14 30 SCG SCG
$OF 15 | $1F 31 | $2F 47 | $3F 63 | $4F 79 | $5F 95 | $6F 110 | $7F 127
| Us / ? o _ 0 DEL
15 UNL 15 UNT SCG SCG
ACG | UCG | LAG TAG SCG
ACG = Addressed Command Group TAG = Talk Address Group
UCG = Universal Command Group SCG = Secondary Command Group
LAG = Listen Address Group A"$" preceding numbers indicates hexadecimal
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ASCII Control Codes (Table 1)
ASCII Control Codes (Decimal 00 to 31)

Dec Hex Character

Value Value and Name Bus M essage

($or &H) | Abbreviation

Addressed Command Group (ACG)
00 00 None / NUL Null None
01 01 “A / SOH Start of Header Go To Loca
02 02 "B / STX Start of Text None
03 03 “c / ETX End of Text None
04 04 "D / EOT End of Transmission Selected Device Clear
05 05 “E / ENQ Inquiry None
06 06 “F / ACK Acknowledgement None
07 07 “G / BEL Bell Parallel Poll Disable (PPD)
08 08 “H / BS Backspace Group Execute Trigger
09 09 "I / HT Horizontal Tab Take Control (TCT)
10 0A “J / LF Line Feed None
11 0B “K / VT Vertical Tab None
12 oc "L / FF Form Feed None
13 0D "M / CR Carriage Return None
14 OE "N / so Shift Out None
15 OF "0 / sI Shift In None

Univer sal Command Group (UCG)
16 10 “P / DLE Data Link Escape None
17 11 “Q / bci Device Control 1 Local Lockout (LLO)
18 12 "R / DC2 Device Control 2 None
19 13 “s / DC3 Device Control 3 None
20 14 “T / DC4 Device Control 4 Device Clear (DCL)
21 15 “U / NAK Negative Acknowledgement Parallel Poll Unconfig (PPU)
22 16 "V / SYN Synchronous Idle None
23 17 "W / ETB End of Transmission Block None
24 18 "X / CAN Cancel Serial Poll Enable (SPE)
25 19 “Y / EM End of Medium Seria Poll Disable (SPD)
26 1A "z / SUB Substitute None
27 1B [ / EsC Escape None
28 1c “\ / Fs File Separator None
29 1D "1 / es Group Separator None
30 1E "%/ RS Record Separator None
31 1F “_/ us Unit Separator None

Notes: ASCII control codes are sometimes used to “formalize” a communications session between
communication devices.

DCl, DC2, DC3, DC4, FS, @GS, Rs, andus al have user-defined meanings, and may
vary in use between sessions or devices.

Dc4 isoften used as a general “stop transmission character.”

Codes used to control cursor position may be used to control print devices, and move the print
head accordingly. However, not al devices support the full set of positioning codes.
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ASCII| Control Codes

ASCII Control Codes (Table 2)

ASCII Control Codes (00 to 31)

Start of Header (son)

Dec | Name | Description

Addressed Command Group (ACG)

00 [ Null (wuL) Space filler character. Used in output timing for some device
drivers.

01

Marks beginning of message header.

02 | Start of Text (sTx) Marks beginning of data block (text).

03 | End of Text (ETX) Marks end of data block (text).

04 | End of Transmission (EOT) Marks end of transmission session.

05 | Inquiry (ENQ) Request for identification or information.

06 [ Acknowledgement (ack) “Yes' answer to questions or “ready for next transmission.” Used
in asynchronous protocols for timing.

07 | Bell (BEL) Rings bell or audible alarm on terminal.

08 | Backspace (BS) Moves cursor position back one character.

09 | Horizonta Tab (uT) Moves cursor position to next tab stop on line.

10 | Line Feed (LF) Moves cursor position down oneline.

11 | Vertica Tab (vT) Moves cursor position down to next “tab line.”

12 | Form Feed (FF) Moves cursor position to top of next page.

13 | Carriage Return (cr) Moves cursor to left margin.

14 | Shift Out (so) Next characters do not follow ASCII definitions.

15 [ ShiftIn(s1) Next characters revert to ASCIl meaning.

Univer sal Command Group (UCG)

Unit Separator (us)

16 | DataLink Escape (DLE) Used to control transmissions using “ escape sequences.”

17 | Device Control 1 (pc1) Not defined. Normally used for ON controls.

18 | Device Control 2 (pc2) Usually user defined.

19 | Device Control 3 (pc3) Not defined. Normally used for OFF controls.

20 | Device Control 4 (pc4) Usually user defined.

21 | Negative Acknowledgement (nak) | “No” answer to questions or “errors found, re-transmit.” Used in
asynchronous protocols for timing.

22 | Synchronous ldle (sYN) Sent by asynchronous devices when idle to insure sync.

23 | End of Transmission Block (ETB) | Marksblock boundariesin transmission.

24 | Cancel (can) Indicates previous transmission should be disregarded.

25 | End of Medium (EM) Marks end of physical media, asin paper tape.

26 | Substitute (sus) Used to replace a character known to be wrong.

27 | Escape (Esc) Marks beginning of an Escape control sequence.

28 | File Separator (Fs) Marker for mgjor portion of transmission.

29 | Group Separator (Gs) Marker for submajor portion of transmission.

30 | Record Separator (RS) Marker for minor portion of transmission.

31

Marker for most minor portion of transmission.
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ASCI| Character Set

V. APPENDIX

ASCII Character Set (Table 1)

ASCII Character Set (Decimal 32 to 79)
Dec | Hex | Character | Name | Bus M essage
Listen Address Group (LAG)
32 20 <space> Space Bus address 00
33 21 ! Exclamation Point Bus address 01
34 22 " Quotation Mark Bus address 02
35 23 # Number Sign Bus address 03
36 24 $ Dollar Sign Bus address 04
37 25 % Percent Sign Bus address 05
38 26 & Ampersand Bus address 06
39 27 ' Apostrophe Bus address 07
40 28 ( Opening Parenthesis Bus address 08
41 29 ) Closing Parenthesis Bus address 09
42 2a * Asterisk Bus address 10
43 2B + Plus Sign Bus address 11
44 2c ' Comma Bus address 12
45 2D - Hyphen or Minus Sign | Bus address 13
46 2E . Period Bus address 14
47 2F / Slash Bus address 15
Listen Address Group (LAG)
48 30 0 Zero Bus address 16
49 31 1 One Bus address 17
50 32 2 Two Bus address 18
51 33 3 Three Bus address 19
52 34 4 Four Bus address 20
53 35 5 Five Bus address 21
54 36 6 Six Bus address 22
55 37 7 Seven Bus address 23
56 38 8 Eight Bus address 24
57 39 9 Nine Bus address 25
58 3a : Colon Bus address 26
59 3B ; Semicolon Bus address 27
60 3C < Less Than Sign Bus address 28
61 3D = Equal Sign Bus address 29
62 3E > Greater Than Sign Bus address 30
63 3F ? Question Mark Unlisten (UNL)
Talk Address Group (TAG)
64 40 @ At Sign Bus address 00
65 41 A Capital A Bus address 01
66 42 B Capital B Bus address 02
67 43 c Capital C Bus address 03
68 | 44 D Capital D Bus address 04
69 45 E Capital E Bus address 05
70 | 46 F Capital F Bus address 06
71 47 G Capital G Bus address 07
72 48 H Capital H Bus address 08
73 49 I Capital | Bus address 09
74 4a J Capital J Bus address 10
75 4B K Capital K Bus address 11
76 4c L Capital L Bus address 12
717 4D M Capital M Bus address 13
78 4E N Capital N Bus address 14
79 4F 0 Capital O Bus address 15
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V. APPENDIX

ASCII| Character Set

ASCII Character Set (Table 2)

ASCI| Character Set (80 to 127)
Dec | Hex | Character | Name | BusMessage
Talk Address Group (TAG)
80 50 P Capita P Bus address 16
81 51 Q Capital Q Bus address 17
82 52 R Capital R Bus address 18
83 53 S Capital S Bus address 19
84 54 T Capital T Bus address 20
85 55 U Capital U Bus address 21
86 56 v Capital V Bus address 22
87 57 w Capita W Bus address 23
88 58 X Capital X Bus address 24
89 59 Y Capita Y Bus address 25
90 5A Z Capita Z Bus address 26
91 5B [ Opening Bracket Bus address 27
92 5C \ Backward Slash Bus address 28
93 5D 1 Closing Bracket Bus address 29
94 5E B Caret Bus address 30
95 5F _ Underscore Untalk (UNT)
Secondary Command Group (SCG)
96 60 ! Grave Command 00
97 61 a Lowercase A Command 01
98 62 b Lowercase B Command 02
99 63 c Lowercase C Command 03
100 64 d Lowercase D Command 04
101 65 e Lowercase E Command 05
102 66 £ Lowercase F Command 06
103 67 g Lowercase G Command 07
104 68 h Lowercase H Command 08
105 69 I Lowercase | Command 09
106 | 6A j Lowercase J Command 10
107 6B k Lowercase K Command 11
108 6C 1 Lowercase L Command 12
109 6D m Lowercase M Command 13
110 6E n Lowercase N Command 14
111 6F o Lowercase O Command 15
Secondary Command Group (SCG)
112 70 p Lowercase P Command 16
113 [ 71 q Lowercase Q Command 17
114 72 r Lowercase R Command 18
115 73 s Lowercase S Command 19
116 74 t Lowercase T Command 20
117 75 u Lowercase U Command 21
118 76 v Lowercase V Command 22
119 77 w Lowercase W Command 23
120 78 x Lowercase X Command 24
121 | 79 y Lowercase Y Command 25
122 7A z Lowercase Z Command 26
123 | 7B { Opening Brace Command 27
124 | 7C | Vertical Line Command 28
125 | 7D 3 Closing Brace Command 29
126 7E ~ Tilde Command 30
127 7F DEL Delete Command 31

Personal488 User’s Manual, Rev. 3.0

V-375

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



Section VI:

INDEX

Personal488 User’s Manual, Rev. 3.0 VI1-377

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



VI1-378 Personal488 User’s Manual, Rev. 3.0

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

INDEX

A

ABORT/Abort, 61, 62, 80, 104,
105, 117, 119, 143, 179, 181, 204,
262, 274, 278, 283, 294, 301, 304,
313, 333, 340, 343
absolute, 127
Acknowledgement (ACK), 371,
372
Active Controller, 28, 39, 116-119,
127, 129, 130, 137, 177-181, 187,
190, 197, 211, 236, 263, 267, 271,
275, 279, 283, 288, 290, 296, 298,
300, 301, 304, 306, 308, 309, 313,
321, 324, 336, 339, 340, 343, 345-
348
address, 116, 125, 190
absolute, 127
base, 6-9, 13, 14, 18, 19, 22, 25,
26, 29, 40, 121, 126, 137, 138,
183, 197, 263, 266, 268, 270,
274, 278, 280, 294, 328, 362

bus, 28, 39, 42-44, 46-48, 50, 52,
55, 56, 66, 67, 74, 75, 84-86,
91, 92, 114, 121, 122, 124-126,
137, 140-142, 151, 160, 167,
183, 184, 190, 196, 198, 199,
201, 202, 210, 235, 262, 266,
270, 274, 278, 296, 303, 306,
308, 315, 330, 358-360, 362,
373,374

memory, 68, 96, 99, 105, 110,
114, 127

offset, 96-98, 127

port, 25

primary, 43, 46, 56, 66, 74, 85, 91,
121, 125, 126, 141, 183, 199,
201, 268, 272, 276, 307, 308,
325, 347

secondary, 43, 46, 56, 66, 74, 85,
91, 92, 121, 125, 126, 141, 183,
199, 201, 265, 276, 288, 289,
298, 299, 307, 308, 325, 335,
337, 347, 362

segment, 67, 97, 98, 107, 127

Address Change, 50, 52, 55, 66, 74,
84,91, 118, 119, 180, 181, 190,
211, 236, 283, 304, 307, 308, 313,
343, 347

addressrange, 25

address separator, 126

Addressed Command Group
(ACG), 130, 371, 372

analog-to-digital converter (ADC),
43, 46, 143, 144, 151, 156, 159,
160, 163, 164, 167, 169, 173, 176,
177, 199, 201, 203, 204, 209, 210,
212, 219, 220, 227, 228, 234, 235,
237, 238, 240, 246, 247, 249, 250

Application Program Interface
(API), 4, 33, 45, 46, 49, 142, 143,
202-204, 261

ARM/Arm, 39, 41, 58, 60, 69, 70,
77,79, 87,89, 102, 118, 119, 137,
139, 152, 156, 160, 168, 179-181,
189, 196, 213, 228, 262, 264, 266,
268-270, 272-274, 276, 278, 283,
287, 288, 290, 298, 300, 313, 314,
319, 321, 324, 332, 333, 336, 339

ASCII, 51, 54, 73, 100, 108, 110,
112, 113, 126, 131, 153, 156, 161,
164, 169, 173, 175, 214, 220, 239,
247, 294, 305, 370-374

assembly language, 53, 72, 96, 97,
99-101, 108, 111

asynchronoustransfers, 34, 57, 68,
76, 86, 92, 102, 130, 133, 177,
191, 206, 264, 267, 268, 271, 275,
279, 284, 314, 335, 338, 348, 350,
352, 372

AT488, 4, 6, 13, 14, 35, 39, 134,
137, 192, 196, 200, 319, 357-359

Attention (ATN), 117, 119, 128-
130, 179, 181, 188, 286, 305, 306,
313, 318, 344, 362, 369

AUTO REMOTE, 284, 298

AutoRemote, 262, 274, 278, 314,
335-337, 339

Aztec C, 72, 104, 150

B

Backspace (BS), 371, 372

basic data acquisition, 154, 155,
162, 163, 170, 171, 206, 214, 216,
239, 240

Bell (BEL), 371, 372

binary, 43, 46, 47, 54, 61, 62, 64,
72, 79, 80, 83, 96, 100, 112-115,
141, 154-156, 162, 164, 170, 174,
175, 199, 215, 220, 239, 240, 248,
278, 279, 301, 302, 340, 341

block data acquisition, 154, 162,
170, 215, 239
Borland C, 5, 146, 148, 150, 151,
191, 194, 206-209, 211
buffer, 41, 42, 56, 57, 59, 61, 63,
67,70, 71, 75, 77, 79, 81, 85, 86,
88, 90, 101-103, 107, 110, 112,
114, 127, 131, 139, 150, 151, 154,
155, 157-159, 162, 163, 165, 167,
170-172, 174, 176, 190, 211, 212,
215, 216, 219, 221, 229, 237, 239,
240, 248, 249, 268, 272, 280, 289,
290, 292, 311, 320, 321, 323, 333,
335, 336, 338, 352
buffer transfer, 56, 67, 75, 85
BUFFERED/Buffered, 109, 113-
115, 176, 262, 274, 278, 284, 289,
290, 299, 300, 309, 314, 348
buffered I/0, 113, 114
bus,
address, 307, 308
command, 56, 66, 74, 84, 91, 116-
119, 124, 127, 128, 130, 131,
177-181, 186-188, 263, 265,
267, 269, 273, 275, 279, 281,
282, 285, 289, 290, 296, 300,
305, 306, 311, 312, 316, 329,
330, 351, 362, 369
handshake, 42, 128-130, 139, 140,
188, 364, 369
ling, 116, 127-130, 178, 187, 188,
211, 236, 262, 266, 270, 274,
278, 283, 286, 308, 313, 317,
318, 369, 370
management, 34, 116, 128, 129,
178, 188, 252, 282, 283, 303,
312, 313, 342, 369
state, 127, 128, 187, 188, 286,
318, 369
BUS ADDRESS, 284, 362
BusAddress, 142, 143, 151, 156,
203, 210, 212, 220, 228, 234, 235,
247, 253, 262, 274, 278, 315, 330,
331
Byteln, 4, 50, 52, 55, 66, 74, 84, 91,
127, 189, 211, 236, 269, 273, 283,
307, 308, 313, 347
ByteOut, 4, 50, 52, 55, 66, 74, 84,
91, 127, 189, 211, 236, 269, 273,
283, 307, 308, 313, 347

C
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C language, 145, 150, 206
call-by-reference, 98, 99
call-by-value, 98, 99
Carriage Return (CR), 46, 90, 91,
94, 109, 126, 176, 200, 291, 292,
310, 349, 358-360, 371, 372
Character Command Language
(CCL), 34, 37, 45-49, 51, 53, 64,
71, 82, 104, 107, 132, 134
character count, 109-112, 126, 176,
288-290, 298-300
CHECK LISTENER, 285
CheckL istener, 262, 274, 278, 315
CLEAR/Clear, 4, 47, 50, 52, 55, 66,
74,84, 91, 117-119, 127, 153,
156, 161, 164, 169, 173, 179-181,
211-214, 220, 228, 229, 232, 236-
238, 242, 247, 249, 253, 262, 266,
274, 278, 283, 285, 304, 313, 316,
343, 347
Clear To Send (CTYS), 42, 128, 130,
139, 140, 188, 286, 318, 369
ClearList, 144, 204, 252, 262, 274,
278, 316
client driver, 26
CLOCK FREQUENCY, 285
ClockFrequency, 316, 317
Close, 99, 102, 144, 204, 209, 210,
212, 220, 221, 228, 232, 262, 266,
270, 274, 278, 317, 334
COM port, 133
command
description, 29, 112, 125, 187,
282, 312
format, 125, 186
reference, 33, 47, 60, 65, 78, 83,
96, 100, 102, 112, 119, 125,
132, 144, 145, 155, 158, 163,
166, 190, 256-258, 261, 264,
268, 272, 276, 280, 282, 312
communication, 24, 25, 28, 34, 35,
39-41, 43, 47, 51, 54, 55, 66, 72,
74, 82, 84, 91, 96, 100, 101, 109,
111, 113, 129, 130, 137-141, 144,
152, 160, 168, 191, 196, 198, 199,
201, 208, 211, 233, 235, 252, 263,
266, 270, 274, 278, 293, 294, 327
compatibility, 4-6, 11, 15, 17, 18,
21, 23-25, 29, 35, 41, 64, 78, 90,
95, 138, 191, 198, 199, 287, 319,
357-360
configuration parameters, 28, 39-
41, 43, 136-140, 196-198
configuration screen, 27, 38, 39,
42, 136, 140, 195, 196, 198
configuration utility, 27, 29, 38,
135, 136, 193, 195, 199

console mode, 333

CONTROL LINE, 286, 364

Controller Active, 28, 39, 116-119,
127, 129, 130, 137, 177-181, 187,
190, 197, 211, 236, 263, 267, 271,
275, 279, 283, 288, 290, 296, 298,
300, 301, 304, 306, 308, 309, 313,
321, 324, 336, 339, 340, 343, 345-
348

ControlLine, 262, 269, 273, 274,
278, 281, 317, 318

counter/timer, 4, 7, 27, 38, 40, 42,
45, 138, 140, 192

CRITERR, 53, 61, 72, 80, 104, 105

D

data acquisition, 43, 154, 155, 162,
163, 165, 170, 171, 206, 214-216,
239, 240, 243, 246

data bit, 42, 57, 68, 76, 86, 92, 139

Data Carrier Detect (DCD), 42,
128, 130, 139, 140, 188, 286, 318,
369

Data Link Escape (DLE), 371, 372

Data Set Ready (DSR), 42, 130,
139, 140, 188, 286, 318, 369

Data Terminal Ready (DTR), 128,
129, 188, 286, 318, 369

dataterminator, 108, 175

data transfer, 4, 10, 28, 29, 40, 42,
43, 60, 61, 78, 80, 104, 112, 113,
115, 129, 130, 137, 140, 141, 175,
177, 194, 197, 199, 200, 241, 248,
283, 287, 298, 305, 308, 313, 319,
335, 345, 347, 349, 364

datatype, 131, 189

Data Valid (DAV), 128, 129, 188,
286, 318, 369

decimal value, 128, 188, 189, 369-
374

default settings, 25, 27, 38, 136,
195

Device Clear (DCL), 128, 131, 188,
262, 266, 274, 278, 285, 316, 369,
371

Device Control (DC), 371, 372

device handle, 140, 141, 143, 152,
160, 161, 163, 168, 173, 198, 199,
204, 211, 213, 235, 252, 263, 264,
267, 268, 271, 272, 275, 276, 279,
280, 320, 321-324, 326, 334-338,
363

device /O, 106, 282, 312

device name, 28, 34, 40, 42-44, 46,
47-49, 51, 52, 99, 102, 120, 125,
126, 132, 137, 140, 141, 142, 143,
144, 145, 182, 197, 198, 199, 202,

203, 204, 205, 210, 212, 219, 227,
234, 237, 246, 249, 252, 253, 255,
288, 289, 359, 360, 364

devicetype, 27, 28, 38-43, 136, 137,
139-141, 195-197, 199

digital 1/0, 4-7, 27, 38, 40, 42, 45,
137, 140, 192

DIO lines, 128, 130, 188, 189, 286,
301, 302, 304, 318, 340, 341, 343,
369

direct 1/0, 47, 113, 115

Direct Memory Access (DMA), 4,
6-10, 13-15, 18-20, 39, 115, 133,
137, 147-150, 155, 163, 171, 177,
194, 196, 200, 215, 240, 262, 264,
266, 268, 270, 272, 274, 276, 278,
280, 284, 287, 304, 319, 335, 357-
363

DISARM/Disarm, 152, 160, 168,
189, 262, 264, 266, 268-270, 272-
274, 276, 278, 286, 304, 318, 319,
343

DMA CHANNEL, 287, 304, 363

DM A section, 200

DmaChannel, 262, 274, 278, 319

DOS, 4, 5, 29, 34, 45-49, 51, 53, 54,
59, 61, 65, 72, 73, 78-80, 82, 83,
90, 95, 96, 99-111, 115, 122-124,
126, 133, 149, 184-186, 191, 193,
194, 199, 268, 280, 294, 295, 303,
333, 359, 360, 364, 365

Driver488/DRV, 5, 8, 13, 17, 18,
22, 24, 28, 34-41, 43-56, 58, 60-
80, 82-93, 95, 96, 99-102, 104-
115, 117-120, 122-127, 131-133,
187, 261, 282, 307, 308, 357, 358

Driver488/1UX, 5

Driver488/LIB, 5

Driver488/NT, 257, 258

Driver488/OEM, 5

Driver488/SCX, 5

Driver488/SUB, 5, 8, 13, 17, 18, 22,
24, 133-174, 187, 190, 256-258,
261, 264, 268, 272, 312, 316, 317,
319, 327, 328, 331, 348, 358, 359

Driver488/W31, 5, 8, 13, 17, 18, 22,
24, 29, 187, 190-200, 202-204,
206-220, 225, 227, 231-241, 243,
248, 251, 252, 254, 256-258, 261,
276, 280, 312, 318, 319, 322, 324,
327, 328, 332, 337, 339, 348, 359,
360, 365

Driver488/W95, 5, 8, 18, 187, 190,
257, 258, 261, 312, 318, 330, 331,
332, 333, 349, 350, 360
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Driver488/WIN, 191, 257, 258

Driver488/WIN95, 257, 258

Driver488/WNT, 5, 8, 187, 190,
257, 258, 261, 312, 360

drivers section, 200

Dynamic Data Exchange (DDE),
191, 206, 241, 243, 246, 255, 256

Dynamic Link Library (DLL), 3, 5,
33,191, 192, 254

E

End of Text (ETX), 371, 372

End of Transmission (EOT), 371,
372

End of Transmission Block (ETB),
372

End-Of-Line (EOL), 54, 55, 61, 62,
73, 79, 80, 90, 91, 94, 100, 105,
108-114, 126, 288-291, 294, 298,
309, 310, 349

End-Or-ldentify (EOI), 6, 29, 40,
43, 46, 47, 112, 114, 115, 125,
126, 128, 129, 138, 141-144, 155,
157, 174-176, 188-190, 197, 199,
200, 203, 204, 215, 221, 265, 269,
273, 277, 279, 281, 286, 349

enhanced mode DM A transfer, 194

ENTER/Enter, 47, 50, 52, 56, 57,
62, 63, 66-68, 70, 74, 75, 81, 85-
87, 89, 92-94, 105, 109, 112-115,
117-119, 125, 133, 143, 144, 154,
156, 158, 176, 179-181, 189, 190,
201, 204, 212, 214, 215, 220, 229,
237, 245, 249, 251, 254, 262, 274,
278, 284, 287, 288, 291, 308, 311,
314, 319-322, 324, 347, 352, 357-
359, 361, 362

ENTER #count BUFFER, 56, 75,
86, 284, 288-290

Enterl, 278, 322-324

EnterMore, 320, 321

EnterMorel, 323, 324

EnterN, 320, 321

EnterNI, 323, 324

EnterNMore, 321

EnterNMorel, 323, 324

EnterX, 319, 321

Enter X1, 322, 324

ERRORJ/Error, 4, 6, 35, 49, 51, 52,
54, 55, 61, 62, 65, 70, 71, 73, 79,
80, 84, 88-91, 94, 99, 102, 105,
119, 127, 145, 156, 163, 164, 173,
181, 205, 210-212, 219, 224, 227,
228, 231, 232, 236, 248, 263, 274,
278, 282, 283, 291, 292, 304, 307,
308, 312, 324, 325, 343, 361-365

error message, 38, 50, 135, 194,
263, 264, 266, 268, 270, 272, 274,
276, 279, 280, 291, 308, 325, 355,
357, 361

Event Custom Control, 191, 206,
208, 232, 233, 235-237, 249

event handling, 152, 160, 168, 191,
200, 208, 213, 228, 233, 237, 238,
250, 262, 266, 270, 274, 278, 282,
312, 332

Event M essage, 206, 211, 212, 224

Example, 37, 49, 53, 145, 194, 205,
216, 217, 225, 237

Examples, 131, 145, 189

Excel, 191, 241-246, 256

external device, 27, 34, 35, 38, 42-
49, 134-136, 140-145, 192, 195,
198, 199, 201-205, 263, 267, 271,
275, 279, 316, 342

H

header, 5, 53, 61, 72, 80, 104, 105,
145-148, 150, 151, 166, 187, 190,
206-209, 211, 223, 230, 257, 258,
312, 332,372

HELL O/H€llo, 50, 51, 55, 65, 66,
70, 73, 74, 84, 88, 91, 94, 101,
102, 110, 145, 147-149, 152, 156,
160, 168, 209, 211, 220, 233, 235,
247, 252, 263, 274, 278, 280, 293,
327,333

hexadecimal value, 125, 128, 188,
189, 369-371, 373, 374

Horizontal Tab (HT), 371, 372

F

FILL, 51, 54, 55, 61, 65, 70, 73, 79,
84, 88, 90, 91, 94, 291, 292, 304

FIND LISTENERS, 292

FindListeners, 263, 274, 278, 325

FINISH/Finish, 263, 274, 278, 293,
305, 325, 344

Form Feed (FF), 371, 372

functionality, 25, 29, 34, 155, 163,
171, 194, 216, 240, 256

G

garbage collection, 97

GET, 106

GetDeviceData, 100, 102, 111

GetError, 151, 156, 159, 167, 210,
212, 220, 228, 234, 235, 247, 263,
274, 278, 326

GetErrorList, 263, 274, 278, 326

getting started, 35, 49, 134, 145,
192, 205

GoTolLocal (GTL), 117, 119, 128,
131, 179, 181, 188, 296, 329, 369,
371

GP488/2, 4,7

GP488/MM, 4, 7,18-21, 35, 192

GP488B, 4, 6, 8-11, 15, 20, 35, 39,
45, 46, 134, 137, 142, 192, 196,
200, 203

Group Execute Trigger (GET),
128, 131, 188, 264, 271, 280, 311,
351, 369, 371

1/0, 4,7, 11, 26, 29, 35, 39, 41, 42,
46, 47, 55, 60, 61, 63, 73, 78-80,
90, 96, 104-106, 113-115, 133,
137, 139, 140, 176, 190, 196, 282,
291, 292, 312, 317, 322, 324

I/O control (IOCTL), 54, 55, 60-62,
65, 70, 73, 78, 79, 82-84, 88, 96,
100-103, 105, 110, 111, 292, 294,
295

Idle, 4, 118, 119, 127, 129, 131,
179-181, 189, 211, 236, 269, 273,
283, 307, 308, 313, 371, 384

| EEE section, 201

|EEE_3 section, 200

|EEE_4 section, 201

|EEEDEV section, 201

|IEEEIO, 53-55, 58, 59, 72, 73, 76,
78, 97, 100, 104, 107, 108, 111

individual status (ist), 302, 341

initialization file, 27, 38, 43, 135,
140, 141, 193, 195, 198-201, 357-
359, 364

input buffer, 42, 131, 139

Inquiry (ENQ), 371, 372

insert mode, 51

instrument management, 252

INT LEVEL, 293, 304

Interface Clear (IFC), 56, 66, 74,
84,91, 116, 117, 128, 129, 137,
143, 178, 179, 188, 196, 204, 283,
313, 369

interrupt handling, 57, 68, 76, 86,
92, 153, 162, 169, 200

interrupt section, 200

interrupt selection, 10, 14, 20

IntLevel, 142, 203, 263, 274, 278,
327

IO ADDRESS, 293, 294

IOAddress, 263, 274, 278, 328, 330,
331
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IOCTL$, 60, 69, 71, 78, 83, 96,
100, 294, 295
I SA bus, 4, 10, 15, 22

K

KEEP DEVICE, 47, 295, 297, 303

KEEP DOSNAME, 295, 297

KeepDevice, 142, 143, 151, 203,
210, 235, 263, 274, 279, 328, 330

Keyboard Controller Program
(KBC.EXE), 50, 51, 106-108,
295, 358

L

library, 133, 145-150, 159, 1686,
194, 207

licensing, 36, 134, 193, 256

LIGHT PEN, 40, 296, 358

LightPen, 28, 40, 137, 263, 264,
268, 270, 272, 276, 328, 329, 359,
360

LineFeed (LF), 46, 61, 79, 109,
126, 176, 200, 291, 292, 310, 349,
358-360, 371, 372

link
cold, 241
design time, 241
hot, 241
run time, 241, 242
server, 241, 244, 245

Listen, 4, 116, 118, 119, 127, 129,
131, 177, 179-181, 211, 236, 263,
279, 283, 288-290, 298, 299, 305,
308, 311, 320-322, 324, 325, 329,
331, 335, 337, 342, 344, 347, 351,
361

Listen Address Group (LAG), 116,
128, 130, 177, 188, 305, 373

LOCAL/Local, 117, 119, 179, 181,
232, 263, 279, 296, 304, 329

Local Lock Out (LLO) (bus
command), 128, 131, 188, 263,
267, 275, 279, 330, 371

LOCAL LOCKOUT (LOL)
(system command), 117, 119, 125

LocalList, 263, 275, 279, 329

Lol (system command), 263, 275,
279, 330

LPT port, 17, 37, 40, 41, 137, 138,
197, 198, 357-359

MakeDevice, 142, 143, 151, 156,
160, 167, 199, 201, 203, 210, 212,
220, 228, 234, 235, 247, 253, 263,
275, 279, 328, 330, 331, 363

M akeNewDevice, 330, 331

MARKDRVR, 27, 38, 122, 123,
184, 185

memory model, 59, 78, 97, 145-148

message handling section, 200

Microsoft C, 5, 53, 54, 61, 72, 80,
97, 98, 146, 150, 191, 194, 206-
208, 211

Microsoft Fortran, 63

MP488, 4, 6, 7, 27, 35, 38-40, 134,
137, 192, 196, 200, 317, 319, 357-
359

M P488CT, 4, 7, 35, 39, 40, 42, 45,
134, 136-138, 140, 192, 196, 200,
287, 317, 319, 357-359

multiple transactions, 6, 7, 34, 35,
43-45, 48, 49, 130, 134, 141, 144,
145, 192, 199, 201, 202, 204, 205

My Listen Address (MLA) (bus
command), 128, 131, 188, 263,
267, 271, 275, 279, 305

My Talk Address (M TA) (bus
command), 119, 128, 131, 181,
188, 263, 267, 271, 275, 279, 305,
313

MyListenAddr (system command),
263, 275, 279, 331

MyTalkAddr (system command),
263, 275, 279, 331

Not System Controller, 117, 119,
127,178, 181, 187, 307
Null (NUL), 371, 372

O

N

M

MAKE DEVICE, 46, 47, 295, 297,
303
MAKE DOSNAME, 47, 295, 297

name, 27, 28, 38, 39, 41-43, 46-49,
54, 72, 98, 99, 102, 106, 125, 132,
136, 137, 139, 144, 145, 195, 196,
201, 204, 205, 272, 276
device, 28, 34, 40, 42-44, 46-49,

52,99, 102, 120, 125, 126, 132,

137, 140-145, 182, 197-199,

202-205, 210, 212, 219, 227,

234, 237, 246, 249, 252, 253,

255, 288, 289, 359, 360, 364
text box, 235, 243

NB488, 4, 7, 17, 35, 39-41, 134,
137, 138, 192, 196-198, 200, 317,
319, 357-360

Negative Acknowledgement
(NAK), 371, 372

Not Active Controller, 117, 127,
179, 187

Not Data Accepted (NDAC), 128,
130, 188, 286, 318, 369

Not Ready For Data (NRFD), 128,
129, 188, 286, 318, 369

OnEvent, 39, 41, 137, 139, 152,
154, 156, 158, 168, 196, 213, 228,
262-264, 266, 270, 272, 274-276,
278, 314, 331, 332

OnEventVDM, 333

OpenName, 133, 136, 142-145, 151,
155, 156, 195, 201, 203-205, 209,
210, 212, 219, 227, 233, 234, 237,
245-247, 249, 250, 252, 253, 275,
279, 332-334, 359

operating mode, 28, 29, 56, 66, 74,
85, 92, 116-119, 127, 178, 179,
181, 187, 265, 281, 287-290, 296-
301, 304, 306-308, 319, 321, 322,
324, 329, 333, 334, 336, 337, 339,
340, 343, 345-347, 358-360, 362

operating modetransitions, 116,
178

OUTPUT/Output, 44, 47, 49, 52,
56, 58, 63, 65, 66, 69, 70, 74, 77,
84, 85, 87, 89, 91-94, 101, 109,
112-114, 117-119, 125, 133, 143,
144, 153-158, 161, 169, 176, 179-
181, 189, 190, 201, 204, 212-215,
220, 221, 228, 229, 232, 255, 262,
263, 266, 270, 274, 275, 278, 279,
284, 291, 292, 295, 297-299, 310,
311, 314, 333-337, 339, 351, 357-
359, 361

OUTPUT #count BUFFER, 299,
300

output buffer, 42, 139

Outputl, 279, 337-339

OutputMore, 335, 336

OutputMorel, 338, 339

OutputN, 335, 336

OutputNI, 338, 339

OutputNMore, 336

OutputNMorel, 338, 339

OutputX, 334, 336

OutputXIl, 337, 339

P

parallel, 4,7, 17, 40, 120, 121, 138,
182, 183, 197, 263, 267, 271, 275,
279, 357-359

Parallel Poll Configure (PPC) (bus
command), 128, 130, 131, 188

Parallel Poll Disable (PPD) (bus
command), 128, 131, 188, 371
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Parallel Poll Unconfigure (PPU)
(bus command), 128, 131, 188,
371

Pascal, 4, 5, 34, 82-87, 96, 110, 133,
145, 149, 166, 174, 292, 314, 359

PASS CONTROL, 117, 119, 301,
362, 363

PassControl, 263, 275, 279, 340

PC/XT bus, 15

Peripheral, 4, 28, 39, 44, 50, 52, 55,
66, 74, 84, 91, 116-119, 122, 123,
127, 137, 177-181, 184, 185, 187,
189, 196, 197, 211, 236, 269, 273,
283, 288-290, 298, 300, 301, 304,
306-3009, 313, 321, 324, 336, 339,
340, 343, 345-348, 358-362

port, 4,7, 17, 25, 27, 29, 34, 38, 40,
41, 45, 120, 121, 124, 133, 137,
138, 142, 182, 183, 186, 197, 198,
263, 266, 270, 274, 278, 286, 294,
317, 328, 357-359, 362, 364

PPOLL/PPoll, 57, 68, 76, 86, 92,
117, 119, 179, 181, 263, 275, 279,
301, 306, 340

PPOLL CONFIG (PPC) (system
command), 117, 119, 128, 301,
302, 362

PPOLL DISABLE (PPD) (system
command), 117, 119, 128, 302

PPOLL UNCONFIG (PPU)
(system command), 117, 119,
128, 302

PPollConfig (system command),
263, 275, 279, 340, 341

PPolIDisable (system command),
263, 275, 279, 341

PPollDisablelist, 263, 275, 279,
341

PPollUnconfig (system command),
263, 275, 279, 341, 342

primary address, 43, 46, 56, 66, 74,
85, 91, 121, 125, 126, 141, 183,
199, 201, 268, 272, 276, 307, 308,
325, 347

printer, 17, 40, 41, 44-46, 96, 116,
120, 121, 123, 124, 138, 178, 182,
183, 185, 186, 197, 198, 200, 349

printer redirection, 120, 182

PRNTEMUL, 123, 124, 185, 186

protocoal, 4, 34, 35, 97-99, 117, 134,
179, 192, 372

PUT, 106

QuickBASIC, 5, 64, 67, 106, 125,
128, 133, 145, 148, 149, 159, 166,
188, 189, 282, 369

QUIKTEST, 194, 206, 244, 251,
254-256, 360

R

raw mode, 61, 79, 82, 100

REMDRVR, 27, 38, 122, 123, 184,
185

REMOTE/Remote, 59, 63, 70, 71,
78, 82, 88, 90, 94, 95, 117, 153,
156, 161, 169, 179, 214, 238, 263,
275, 279, 284, 303, 342, 365

Remote Enable (REN), 116, 117,
128, 129, 137, 178, 179, 188, 196,
284, 296, 298, 299, 303, 314, 329,
335-337, 339, 342, 369

Remotel ist, 263, 275, 279, 342

REMOVE DEVICE, 47, 295, 303

REMOVE DOSNAME, 47, 303,
365

RemoveDevice, 143, 151, 203, 210,
235, 263, 275, 279, 328, 342

REQUEST/Request, 117, 119, 179,
181, 263, 267, 271, 275, 279, 304,
308, 343, 346, 362, 365

Request for Service (rsv), 190, 304,
306-308, 343, 345, 346, 347

Request To Send (RTS), 128, 129,
188, 286, 318, 369

RESET/Reset, 54-56, 61, 63, 65, 66,
70, 73, 74, 79, 82-84, 88, 90, 91,
94, 155, 157, 165, 174, 212, 215,
221, 229, 232, 237, 240, 248, 249,
263, 275, 279, 292, 294, 304, 343

Response, 84, 86-89, 127, 187, 233

RESUM E/Resume, 117, 119, 179,
181, 232, 263, 275, 279, 293, 304,
305, 344

Returns, 187

revision identification, 50, 51, 55,
66, 74, 84, 91

Ring Indicator (RI), 128, 129, 188,
286, 318, 369

router section, 200

S

Q

Quick C, 5, 146, 147, 191, 206-209,
211, 216

sample program, 62, 63, 70, 80, 83,
88, 94, 102, 105, 155, 163, 171,
216, 224, 246, 249, 250

secondary address, 43, 46, 56, 66,
74, 85,91, 92, 121, 125, 126, 141,
183, 199, 201, 265, 276, 288, 289,
298, 299, 307, 308, 325, 335, 337,
347, 362

Secondary Command Group
(SCG), 128, 130, 188, 374

Selected Device Clear (SDC), 128,
131, 144, 188, 204, 262, 266, 274,
278, 285, 316, 371

SEND, 117, 119, 125, 284, 288, 289,
298, 299, 305, 306, 311, 362-364

SendCmd, 263, 275, 279, 344

SendData, 263, 267, 271, 275, 314,
344, 345

SendEoi, 275, 314, 345

serial, 4, 9, 14, 19, 27, 34, 38, 39,
41, 42, 45, 57-59, 68-70, 76, 77,
86-88, 92-94, 117, 119-121, 128-
131, 135, 136, 139, 140, 142, 153,
154, 157, 162, 163, 165, 169, 170,
172, 179, 181-183, 188, 189, 202,
214, 215, 239, 255, 262, 266, 267,
269-271, 273-275, 278, 280, 281,
286, 294, 301, 304, 306-308, 317,
318, 328, 340, 343, 345, 346, 364,
369

Serial Poll Disable (SPD), 128, 131,
188

Serial Poll Enable (SPE), 128, 131,
188

serial redirection, 120, 121, 182

Server, 241, 242, 244

Service Request (SRQ), 50, 52, 55,
57, 58, 66, 68, 69, 74, 76, 77, 84,
86, 87, 91, 92, 102, 117, 119, 128,
129, 153, 156, 157, 162, 164, 165,
169, 172, 173, 179, 181, 188, 211,
236, 283, 286, 301, 304, 306-308,
313, 318, 332, 340, 343, 345-347,
369

SetDeviceData, 100, 102, 111

Shift In (SI), 371, 372

Shift Out (SO), 371, 372

slave, 201

specifications, 6, 24, 25

SPOLL/SPall, 52, 57, 68, 69, 71,
76, 86, 88, 89, 92-95, 117, 119,
153, 154, 156, 157, 162, 169, 170,
172, 179, 181, 212-215, 220, 221,
228, 229, 239, 265, 268, 272, 275,
276, 280, 306, 308, 340, 345

SPOLL LIST, 307

SPollList, 275, 280, 346

spreadsheets, 5, 34, 243

Start of Header (SOH), 371, 372

Start of Text (STX), 371, 372

STATUS/Status, 50, 51, 52, 55, 57,
58, 64, 66, 68, 70, 71, 74, 76, 84,
86-89, 91, 93-95, 102, 118, 119,
152, 155-158, 161, 165, 166, 168,
172,174, 179-181, 190, 213, 215,
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216, 219-221, 238, 240, 247, 248,
264, 268, 269, 273, 275, 280, 281,
288, 290, 298, 300, 307, 308, 319,
321, 324, 336, 339, 346, 347, 363,
364
address, 9, 14, 19
interrupt, 9, 14, 19, 58, 76
light pen, 28, 40, 57, 60, 69, 76,
79, 87, 89, 93, 102, 137, 263,
270, 284, 295, 296, 314, 319,
329
Seria Poll, 9, 14, 19, 58, 59, 69,
70, 77, 87, 88, 94, 117, 119,
131, 179, 181, 304, 306, 343,
346
statusreading, 4, 43, 45, 47, 50-52,
55, 57, 59-62, 66, 68-71, 74-78,
80, 81, 84, 86-88, 91- 93, 100,
102, 105, 111, 141-143, 151, 152,
154-159, 161-165, 167, 168, 170-
173, 179, 181, 199, 202, 204, 213,
215, 216, 220, 221, 238, 240, 247,
248, 262, 264-266, 268, 270, 272,
274, 276, 278, 280, 281, 286, 301,
306, 308, 317, 318, 320, 321, 323,
335, 336, 338, 340, 345-347
STOP/Stop, 42, 69, 71, 118, 232,
264, 275, 280, 304, 309, 343, 348
stop bit, 42, 139
string, 43, 54-56, 61, 65, 67, 68, 73,
74,79, 83, 85, 92, 97, 99, 105,
107-109, 112, 114, 125, 126, 141,
150, 152, 153, 155, 160, 161, 167-
169, 171, 175, 199, 200, 208, 209,
211, 214, 219, 223, 225, 230, 235,
238, 239, 241-245, 255, 263, 267,
268, 271, 272, 275, 276, 280, 293,
305, 307, 322, 324, 326, 327, 337,
3309, 344, 363
subroutine, 5, 34, 57, 64, 69, 76, 87,
91-93, 96, 99, 123, 134, 142, 143,
146, 149, 185, 202-204, 207, 209,
212, 233, 237, 359, 360
subroutine call, 34, 35, 96, 141,
142, 192, 202
Synchronous|dle (SYN), 371, 372
syntax, 35, 61, 80, 104, 125, 187,
251, 264, 268, 272, 276, 280
client driver, 26
enabler, 26
SYSCONTROLLER, 308, 309,
358
SysController, 28, 39, 137, 196,
264, 275, 280, 347, 348, 359, 360
system command, 186
System Controaller, 8, 13, 18, 28,
39, 44, 50, 52, 55, 66, 74, 84, 91,
116, 117, 119, 127, 129, 137, 177-

179, 181, 187, 190, 196, 201, 264,
265, 267, 268, 271, 272, 275, 276,
280, 283, 296, 298, 299, 301, 304,
307-309, 313, 329, 335-337, 339,
340, 343, 347, 348, 362

T

Take Control (TCT), 128, 131, 188,
371
Talk, 4, 35, 116, 118, 119, 127, 129,
131, 177, 179-181, 211, 236, 264,
271, 275, 280, 283, 288, 289, 298-
300, 305, 308, 320, 322, 331, 335-
337, 339, 344, 347-349
Talk Address Group (TAG), 116,
128, 130, 177, 179, 188, 305, 373,
374
TERM/Term, 46, 47, 108, 109,
112-114, 142-144, 175, 176, 189,
203, 204, 263, 264, 266, 267, 270,
271, 274, 275, 278-280, 284, 309,
349, 358-360
terminator, 6, 189, 264, 268, 272,
276, 280, 320, 322, 363, 364
bus, 29, 40, 42, 43, 46-48, 131,
138, 140, 141, 143, 144, 197,
198, 199, 203, 204, 289, 290
data, 108, 175
End-Of-Line (EOL), 54, 55, 61,
62, 73, 79, 80, 90, 91, 94, 100,
105, 108-114, 126, 288-291,
294, 298, 309, 310, 349
input, 51, 108, 109, 112-114, 126,
175, 176, 201, 265, 268, 272,
276, 281, 288-291, 310, 335,
337, 349
output, 108, 109, 112, 113, 175,
176, 201, 265, 268, 272, 276,
281, 291, 298-300, 310, 349
TERM, 112, 175
TermQuery, 349
TIME OUT, 46, 299, 300, 304, 310,
361-365
time out period, 28, 34, 40, 42, 43,
46-48, 80, 104, 137, 139, 140-142,
144, 197-199, 201, 202, 204, 264,
271, 275, 280, 288, 290, 298, 300,
310, 321, 324, 336, 339, 350, 363-
365
TimeOut, 142, 203, 264, 275, 280,
330, 331, 350
TimeOutQuery, 350
TRIGGER/Trigger, 4, 35, 47, 50,
52, 55, 59, 63, 66, 70, 71, 74, 78,
82, 84, 88, 90, 91, 94, 95, 117-
119, 127, 154, 157, 158, 162, 165,
169, 172, 174, 179-181, 211, 213,

215, 220, 228, 236, 238, 239, 248,
250, 264, 275, 280, 283, 304, 310,
311, 313, 343, 347, 350, 351
TriggerlList, 264, 280, 351
TrueBasic, 99, 107, 110, 111
Turbo Basic, 107, 108
Turbo C, 5, 53, 54, 61, 72, 78, 80,
146-148, 150, 151, 191
Turbo Pascal, 82-87, 110, 166, 292

U

Universal Command Group
(UCG), 130, 371, 372

UnListen (system command), 264,
280, 306, 351

Unlisten (UNL) (bus command),
116, 118, 128, 131, 177, 179, 188,
264, 268, 280, 305, 373

UnTalk (system command), 264,
280, 351

Untalk (UNT) (bus command),
116, 118, 128, 131, 177, 179, 264,
268, 280, 305, 374

utility program, 4, 17, 22, 27, 35,
37, 38, 49, 50, 63, 120, 122, 123,
134, 182, 184, 185, 192-194, 206,
251, 256

Vv

Vertical Tab (VT), 371, 372

Visual Basic, 5, 191, 194, 206, 207,
232-236, 241, 242, 246, 251, 254,
256, 322, 324, 337, 339

W

WAIT/Wait, 57, 68, 71, 75, 86, 89,
115, 155-157, 164, 165, 173, 174,
177, 213-215, 221, 228, 232, 239,
240, 247, 248, 264, 268, 279, 280,
289, 290, 300, 311, 352

wait state, 9, 11, 19, 29

WINTEST, 194, 206, 251-253, 256,
360
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List of ASCII Acronyms & Abbreviations
The following list appliesto ASCII Control Codes:

ACK Acknowledgement
BEL Bell

BS Backspace

CAN Cancel

CR Carriage Return
DC1 Device Control 1
DC2 Device Control 2
DC3 Device Control 3
DC4 Device Control 4
DEL Delete

DLE Data Link Escape
EM End of Medium
ENQ Inquiry

EOT End of Transmission
ESC Escape

ETB End of Transmission Block
ETX End of Text

FF Form Feed

FS File Separator

GS Group Separator
HT Horizontal Tab
LF Line Feed

NAK Negative Acknowledgement
NUL Null

RS Record Separator
sI Shift In

SO Shift Out

SOH Start of Header
STX Start of Text

SUB Substitute

SYN Synchronous Idle
Us Unit Separator

VT Vertical Tab
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List of IEEE 488 Acronyms & Abbreviations
The following list of acronyms and abbreviations apply to |EEE 488:

o (bullet symbol) “and”

* (asterisk symbol) “unasserted”

*CA Not Controller Active mode

*SC Not System Controller mode

ACG Addressed Command Group

ADC Analog-to-Digital Converter

API Application Program Interface
ASCII American Standard Code for Information Interchange
ATN Attention line

Ca Controller Active mode

CCL Character Command Language

CMD Bus Command interpretation

CTS Clear To Send line

DAV Data Valid line

DCD Data Carrier Detect line

DCL Device Clear bus command

DDE Dynamic Data Exchange

DIO Data Transfer (1/0) line

DLL Dynamic Link Library

DMA Direct Memory Access

DMM Digital Multimeter

DSR Data Set Ready line

DTR Data Terminal Ready line

EOI End-Or-Identify line

EOL End-Of-Line terminator

GET Group Execute Trigger bus command
GTL Go To Local bus command

IEEE Institute of Electrical & Electronic Engineers
IFC Interface Clear line

IOCTL Input/Output Control

ist Bus Device Individual Status

LAG Listen Address Group bus command
LLO Local Lock Out bus command

MLA My Listen Address

MTA My Talk Address

NDAC Not Data Accepted line

NRFD Not Ready For Dataline

PPC Parallel Poll Configure bus command
PPD Parallel Poll Disable bus command
PPU Parallel Poll Unconfig bus command
REN Remote Enableline

RI Ring Indicator line

RS Revised Standard

rsv Request for Service bit

RTS Request To Send line

sc System Controller mode

SCG Secondary Command Group

SCPI Standard Command for Programmable Instruments
sDcC Selected Device Clear bus command
SPD Serial Poll Disable bus command
SPE Serial Poll Enable bus command
SRQ Service Request line

TAG Talk Address Group bus command
TCT Take Control bus command

uce Universal Command Group

UNL Unlisten bus command

UNT Untalk bus command
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