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INTERNATIONAL ELECTROTECHNICAL COMMISSION

STANDARD DIGITAL INTERFACE
FOR PROGRAMMABLE INSTRUMENTATION -

Part 2: Codes, formats, protocols and common commands

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising all
national electrotechnical committees (IEC National Committees). The object of IEC is to promote international co-
operation on all questions concerning standardization in the electrical and electronic fields. To this end and in addition to
other activities, IEC publishes International Standards, Technical Specifications, Technical Reports, Publicly Available
Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their preparation is entrusted to technical
committees; any IEC National Committee interested in the subject dealt with may participate in this preparatory work.
International, governmental and non-governmental organizations liaising with the IEC also participate in this preparation.
IEC collaborates closely with the International Organization for Standardization (ISO) in accordance with conditions
determined by agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all interested IEC
National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National Committees in
that sense. While all reasonable efforts are made to ensure that the technical content of IEC Publications is accurate, IEC
cannot be held responsible for the way in which they are used or for any misinterpretation by any end user.

4) In order to promote international uniformity,' IECNational\Cemmittees)undertake toapply JIEC Publications transparently to
the maximum extent possible“in‘their national and regional publications. Any-divergence between any IEC Publication and
the corresponding national or regional publication shall be clearly indicated in.the latter.

5) IEC provides no marking procedure to“indicate ‘its“approval® and-cannot 'be rendered responsible for any equipment
declared to be in conformity with an IEC Publication.

6) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent rights.
IEC shall not be held responsible for. identifying any,or all such patent.rights:

International Standard IEC/IEEE 60488-2 has been processed through subcommittee 65C: Digital
communications, of IEC technical committee 65: Industrial-process measurement and control.

This standard cancels and replaces the second edition of IEC 60625-2 (1993).

At times in this standard, specific reference is made to IEEE Std 488.1:1987, which constituted an
earlier version of IEEE Std 488.1:2003, the IEEE edition upon which IEC/IEEE 60488-1:2004 is
based. Where specific dated references were made to the 1987 edition, these references have been
maintained.

The text of this standard is based on the following documents:

IEEE Std FDIS Report on voting
488.2 (1992) 65C/320/FDIS 65C/326/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives.
The committee has decided that the contents of this publication will remain unchanged until 2009.
IEC/IEEE 60488 consists of the following publications:

e Higher performance protocol for the standard digital interface for programmable
instrumentation — Part 1: General (60488-1).

e Standard digital interface for programmable instrumentation — Part 2: Codes, formats,
protocols and common commands (60488-2).
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IEC/IEEE Dual Logo International Standards

This Dual Logo International Standard is the result of an agreement between the IEC and the Institute of
Electrical and Electronics Engineers, Inc. (IEEE). The original IEEE Standard was submitted to the IEC for
consideration under the agreement, and the resulting IEC/IEEE Dual Logo International Standard has been
published in accordance with the ISO/IEC Directives.

IEEE Standards documents are developed within the |IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards
through a consensus development process, approved by the American National Standards Institute, which
brings together volunteers representing varied viewpoints and interests to achieve the final product. Volunteers
are not necessarily members of the Institute and serve without compensation. While the IEEE administers the
process and establishes rules to promote fairness in the consensus development process, the IEEE does not
independently evaluate, test, or verify the accuracy of any of the information contained in its standards.

Use of an IEC/IEEE Dual Logo International Standard is wholly voluntary. The IEC and IEEE disclaim liability for
any personal injury, property or other damage, of any nature whatsoever, whether special, indirect,
consequential, or compensatory, directly or indirectly resulting from the publication, use of, or reliance upon
this, or any other IEC or IEEE Standard document.

The IEC and IEEE do not warrant or represent the accuracy or content of the material contained herein, and
expressly disclaim any express or implied warranty, including any implied warranty of merchantability or fitness
for a specific purpose, or that the use of the material contained herein is free from patent infringement.
IEC/IEEE Dual Logo International Standards documents are supplied “AS IS”.

The existence of an IEC/IEEE Dual Logo International Standard does not imply that there are no other ways to
produce, test, measure, purchase, market, or provide other goods and services related to the scope of the
IEC/IEEE Dual Logo International Standard. Furthermore, the viewpoint expressed at the time a standard is
approved and issued is subject to change brought about through developments in the state of the art and
comments received from users of the standard.

Every IEEE Standard is subjected to review at least every five years for revision or reaffirmation. When a
document is more than five years old and has not been reaffirmed, it is reasonable to conclude that its contents,
although still of some value;-doynotwholly,reflect-the present stateofjthe art:-yUsers are cautioned to check to
determine that they have the laiest edition/of any/IEEE .Standard.

In publishing and making this document available, the IEC and |IEEE are not suggesting or rendering
professional or other services for, or 'on’behalf of, @ny person ‘or-entity. Neither the IEC nor IEEE is undertaking
to perform any duty owed by any other person or entity to another. Any person utilizing this, and any other
IEC/IEEE Dual Logo International Standards or IEEE Standards document, should rely upon the advice of a
competent professional in determining the exercise of'reasonable care in any given circumstances.

Interpretations — Occasionally questions ‘may arise regarding the meaning of portions of standards as they relate
to specific applications. When the need“for'interpretations’is brought'to the attention of IEEE, the Institute will
initiate action to prepare appropriate responses. Since |[EEE Standards represent a consensus of concerned
interests, it is important to ensure that any interpretation has also received the concurrence of a balance of
interests. For this reason, IEEE and the members of its societies and Standards Coordinating Committees are
not able to provide an instant response to interpretation requests except in those cases where the matter has
previously received formal consideration.

Comments for revision of IEC/IEEE Dual Logo International Standards are welcome from any interested party,
regardless of membership affiliation with the IEC or IEEE. Suggestions for changes in documents should be in
the form of a proposed change of text, together with appropriate supporting comments. Comments on standards
and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board, 445 Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331, USA and/or
General Secretary, IEC, 3, rue de Varembé, PO Box 131, 1211 Geneva 20, Switzerland.

Authorization to photocopy portions of any individual standard for internal or personal use is granted by the
Institute of Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright
Clearance Center. To arrange for payment of licensing fee, please contact Copyright Clearance Center,
Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy
portions of any individual standard for educational classroom use can also be obtained through the Copyright
Clearance Center.

NOTE - Attention is called to the possibility that implementation of this standard may require use of subject
matter covered by patent rights. By publication of this standard, no position is taken with respect to the
existence or validity of any patent rights in connection therewith. The IEEE shall not be responsible for
identifying patents for which a license may be required by an IEEE standard or for conducting inquiries into the
legal validity or scope of those patents that are brought to its attention.
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Abstract: A set of codes and formats to be used by devices connected via the IEEE 488.1 bus is specified.
This standard also, defines communication protocols that are necessary to effect application-independent
and device-dependent message exchanges; and further defines common commands and characteristics
useful in instrument system applications. It is intended to apply to small-scale to medium-scale instrument
systems comprised mainly of measurement, stimulus, and interconnect devices outside the scope of the
instrument system environment. IEEE 488.1 subsets, standard message-handling protocols including error
handling, unambiguous program and response-message syntactic structures, common commands useful
in a wide range of instrument system applications, standard status reporting structures, and system
configuration and synchronization protocols are covered.

Keywords: controller, device, system, system bus, system interface
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IEEE Foreword

IEEE Std 488 has been in existence for seventeen years, during which time its power and versatility have been proven
decisively. Probably its most important contribution to test system automation has been the standardization of system
interconnection and communication. A large and growing base of design and application experience has allowed this
further standardization of the IEEE Std 488 bus. The additional standardization sought by the original IEEE Std 488.2-
1987 was founded on the premise that the existing investment in IEEE Std 488 resources must be protected. Thus,
IEEE Std 488.2 describes functionality that complements and is based upon IEEE Std 488.1-1987. Every effort has
been made to reap the benefits of standardization without limiting the freedom and creativity of the device designer.

Since the introduction of IEEE Std 488-1978, individual manufacturers of devices have developed internal standards
that address the code, format, protocol, syntax, and semantic concepts. System integrators have identified
requirements useful in configuring systems. All these sources have been used and refined in developing this standard.

This revision of the original 1987 document contains many minor changes, too numerous to list, plus a few major
changes. The changes are intended to be optional additions and clarifications to the 1987 standard. The goal of the
working group was to allow devices and controllers designed in compliance with IEEE Std 488.2-1978 to remain in
compliance with IEEE Std 488.2-1992.

Major new features include-the additionrof an <EXPRESSION RESPONSE DATA>element; the expanded use of
<SUFFIX PROGRAM DATA>; the addition‘of the *RMC, Remove Individual Macro Command; the addition of the
*SDS, Save Default Device Settings Command; the modification ofy* DD, *DMC, *PUD, and *RDT commands to
accept block or string data; and a new appendix on Reset Guidelines. There are many clarifications including a macro
expansion algorithm; the removal of ambiguity in the definition of suffixes; and the scope of *LRN?, *SAV, *RCL, and
*RST, to name a few.

The hope is that this new revision, incorporating/five'yéars of experience‘with IEEE Std 488.2-1987, will provide an
even more solid foundation for the standardized communication of test and measurement systems.
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STANDARD DIGITAL INTERFACE
FOR PROGRAMMABLE INSTRUMENTATION -

Part 2: Codes, formats, protocols and common commands

1. Introduction

1.1 Scope

This standard specifies a set of codes and formats to ‘be used by devices connected via the IEEE 488.1 bus. This
standard also defines communication protocols necessasy to efféct application independent device-dependent message
exchanges and further defines common commands and characteristics useful in instrument system applications.

This standard is intended to apply directly to small-scale to-medium-scale instrument systems. It applies to systems
comprised mainly of measurement,“stimulus;" and”’ intérconnect “devices  with"an"“instruimentation controller. The
standard may also apply to certain devices‘outside the-s¢ope 'of the instrument system environment.

As well as defining a variety of device-dependent messages, this standard extends and further interprets certain
interface functions contained in IEEE Std 488.1-1987 [4]! while remaining compatible with that standard.

This standard covers the following topics:

1) IEEE 488.1 subsets

2) Standard message handling protocols including error handling

3) Unambiguous program and response message syntactic structures

4) Common commands useful in a wide range of instrument system applications
5) Standard status reporting structures

6) System configuration and synchronization protocols

Use of this standard does not relieve the user from the burden of responsibility for system compatibility at the
application level. The user must be familiar with the characteristics of all the system components in order to configure

an optimum system.

The intended readers of this standard include both controller and device designers.

!The numbers in brackets correspond to those of the references in Section 2.
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1.2 Objectives
The objectives of this standard are

1) To provide a well-defined and unambiguous structure of codes, formats, protocols, and common commands

2) To retain generality to accommodate the needs of a wide variety of applications within the scope of the
standard

3) To promote the degree to which devices from different manufacturers may be interconnected and used,
without modification

4) To enable the interconnection of instrumentation and related devices with both limited and extensive
capability to generate, process, and interpret a variety of different message types

5) To define codes, formats, protocols, and common commands that will reduce the costs of generating
application software and the costs of system integration

6) To permit direct communication among instrument system devices without extraordinary translation and
conversion of special codes and formats

1.3 Notation

This standard defines several common English words that have special meaning in the context of this standard. These
words have different connotations in IEEE Std 488.1-1987 [4], but are, for reasons of readability and conciseness of
text, the preferred words for use in this standard. To avoid confusion, these words always appear in bold type when
referenced in this document: Words thatappear in\bold typeare: system, device, controller, system bus, and system
interface. Local messages peculiar to IEEE 488.2 will also appear in lowercase bold type.

This standard also defines syntactic elements that are used to describe messages transferred on the bus. Syntactic
elements are enclosed by angle brackets, for example, <syntactic element>, to set them off from local messages,
remote messages, and normal text,

2. References
This standard shall be used in conjunction with the following publications:
[1] ANSI X3.4-1986, American National Standard Code for Information Interchange Coded Character Set—7-Bit.2

[2] ANSI X3.42-1990, American National Standard Representation of Numeric Values in Character Strings for
Information Interchange.

[3] IEEE Std 260-1978, (Reaff 1985). IEEE Standard Letter Symbols for Units of Measurement (SI Units, Customary
Inch-Pound Units, and Certain Other Units) (ANSI, DoD).3

[4] IEEE Std 488.1-1987, IEEE Standard Digital Interface for Programmable Instrumentation (ANSI)*.

2ANSI publications are available from the Sales Department, American National Standards Institute, 11 West 42nd Street, 13th Floor, New York,
NY 10036, USA.

3IEEE publications are available from the Institute of Electrical and Electronics Engineers, Service Center, 445 Hoes Lane, P.O. Box 1331,
Piscataway, NJ 08855-1331, USA.

* Reference is made in this standard to IEEE Std 488.1:1987, an earlier edition of the IEEE document upon which IEC/IEEE 60488-1:2004 is based.
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[5] IEEE Std 754-1985 (Reaff 1991), IEEE Standard for Binary Floating-Point Arithmetic.

[6] ISO 31-1: 1992, Quantities and units — Part 1: Space and time.*
[71ISO 31-2: 1992, Quanities and units — Part 2: Periodic and related phenomena.

[8] ISO 31-3: 1992, Quantities and units — Part 3: Mechanics.

[9] ISO 31-4: 1992, Quanitites and units — Part 4: Heat.

[10] ISO 31-5: 1992, Quanitites and units — Part 5: Electricity and magnetism.

[11]ISO 31-6: 1992, Quantities and units — Part 6: Light and related electromagnetic radiations.
[12] ISO 31-7: 1992, Quantities and units — Part 7: Acoustics.

[13]ISO 31-8 : 1992, Quantities and units — Part 8: Physical chemistry and molecular physics.
[14]ISO 31-9: 1992, Quantities and units — Part 9: Atomic and nuclear physics.

[15] ISO 31-10: 1992, Quantities and units — Part 10: Nuclear reactions and ionizing radiations.

[16]ISO 31-11: 1992, Quantities and units — Part 11: Mathematical signs and symbols for use in the physical sciences
and technology.

[17] ISO 31-12: 1992, Quantities and units: = Parts12:)Characteristic numbers.
[18] ISO 1000: 1992, SI units and recommendations for the use of their multiples and of certain other units.

[19] ISO 2955: 1983, Information processing — Representation of STand other units in systems with limited character
sets.

[20] Mueller, J. E., “Efficient Instrument Design Using IEEE 488.2, 1EEE Transactions on Instrumentation and
Measurement, vol. IM-39, pp. 146-150, Feb. 1990.

3. System Considerations

3.1 Definitions

The following definitions apply for the purpose of this standard. This section contains only general definitions.
Detailed definitions are given in further sections, as appropriate. For definitions relating specifically to IEEE Std
488.1-1987 [4], see 1.3 of that standard.

controller: . The component of a systemthat functions as the system controller. A controllertypically sends program
messages to and receives response messages from devices. A controller may pass and receive control per the protocols
in this standard. A controller meets all the requirements stated in Section 14. of this standard.

default: . The choice used when no specification is given.

410 publications are available from ISO, Case Postale 56, 1 rue de Varembé, CH-1211, Genéve 20, Switzerland/Suisse. ISO publications are also
available in the United States from the Sales Department, American National Standards Institute, 11 West 42nd Street, 13th Floor, New York, NY
10036, USA.
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device: A component of a system that does not function as the system controller but typically receives program
messages from and sends response messages to the controller. A device may optionally have the capability to receive
control from the controller and become the controller-in-charge of the system. A devicemeets all the requirements
stated in Section 4. of this standard.

system: . A group of devices and a controller interconnected with a system interface.

system bus: The IEEE 488.1 bus and protocols that interconnect the devices and controllers in a system. The content
of this standard applies to device-dependent traffic over this bus.

system interface: An interface that connects a device or controller to the system bus. A “non-IEEE 488.2 system
interface” is any interface other than the system interface that may happen to be connected to a device or controller

3.2 System Message Traffic

This standard is optimized for a system in which the devices do not become controller-in-charge. The usual message
traffic is assumed to be from “controller-to-device” or from “device-to-controller” (see Fig 3-1).

The flexibility of the program message syntax, see Section 7., also may allow the use of an IEEE 488.2 component in
a system that contains non-IEEE 488.2 components.

In a system with a device and a noncompliant controller, the flexible listening formats allow the achievement of a
higher degree of compatibility. This compatibility is realized by requiring minor variations in syntax to be accepted by
the device. These variations;are designed to be syntactically easy to’ generate/on a variety of controllers. They may
even be the noncompliant controller’s default syntax. Such systems are beyond the scope of this standard and may not
perform their intended functions.

3.2.1 Program and Response Message Relationships

Subsequent sections of this standard will describe, in detail, the allowed syntax and semantics for system message
traffic. The philosophy of this standard is that devices receive in a more flexible manner than they send.

Thus, a range of variations of syntax defined by this standard must be accepted when devices listen. Likewise, a
precise syntax also identified by this standard is required when devices talk.

These controller-to-device (program) and device-to-controller (response) messages are composed of syntactic
elements that are described in Sections 7. and 8., respectively.

The following example demonstrates this relationship among program and response messages for a device that has a
range that may be programmed and queried. The device has discrete ranges of 1.2, 12, and 120.

Program Messages (Section 7)

-

Controller Device

Response Messages (Section 8)

<

Figure 3-1—Usual Message Traffic
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