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INTERNATIONAL ELECTROTECHNICAL COMMISSION

STANDARD DIGITAL INTERFACE
FOR PROGRAMMABLE INSTRUMENTATION -

Part 2: Codes, formats, protocols and common commands

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising all
national reteetreteehnical—eommittees c—National—GCemmittees—Fhe—ebjeet—o c—is—te—premete—tAtefinational co-
operation on all questions concerning standardization in the electrical and electronic fields. To this end and.ip addition to
other activities, IEC publishes International Standards, Technical Specifications, Technical Reports, Rubli¢ly Available
Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their preparation is entrusted to technical
committges; any IEC National Committee interested in the subject dealt with may participate in- this” prepgratory work.
Internatipnal, governmental and non-governmental organizations liaising with the IEC also participate in this|preparation.
IEC collpborates closely with the International Organization for Standardization (ISO) in_accordance with conditions
determined by agreement between the two organizations.

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

IEC Publications have the form of recommendations for international use and are‘accepted by IEC National Cobmmittees in
that senge. While all reasonable efforts are made to ensure that the technicalrcontent of IEC Publications is accurate, IEC
cannot be held responsible for the way in which they are used or for any niisinterpretation by any end user.

In order fo promote international uniformity, IEC National Committees undertake to apply IEC Publications trapsparently to
the maximum extent possible in their national and regional publications. Any divergence between any IEC Puplication and
the corrgsponding national or regional publication shall be clearly indicated in the latter.

IEC proyides no marking procedure to indicate its approval and cannot be rendered responsible for any equipment
declared to be in conformity with an IEC Publication.

Attentior] 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.

Internatiohal Standard IEC/IEEE 60488<2’has been processed through subcommittee 64C: Digital
communig¢ations, of IEC technical committee 65: Industrial-process measurement and cqntrol.

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

At times ip this standard, spetific reference is made to IEEE Std 488.1:1987, which consgtituted an
earlier vefsion of IEEE Std“488.1:2003, the IEEE edition upon which IEC/IEEE 60488{1:2004 is
based. Where specific ddted references were made to the 1987 edition, these references have been

maintainef.

The text gf 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:

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

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 pe'cnnnl inJinry property or other dnmngn of any nature whatsoever whether v:'m::r‘inl indirect,
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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 43¢

been made]

Since the i
that addre
requiremer|

This revisi|
changes. T|

complianc

Major new
<SUFFIX
*SDS, Sav|
accept blog
expansion
*RST, to n

The hope i
even more

htroduction of IEEE Std 488-1978, individual manufacturers of devices have developed |interng
ks the code, format, protocol, syntax, and semantic concepts. System integrators havel

bn of the original 1987 document contains many minor changes, too numerous to list, plus a
he changes are intended to be optional additions and clarifications to the 1987 standard. The
working gfoup was to allow devices and controllers designed in compliance withAEEE Std 488.2-1978 t
b with IEEE Std 488.2-1992.

to reap the benefits of standardization without limiting the freedom and creativity of the deyvice

ts useful in configuring systems. All these sources have been used and refined imdeveloping th

features include the addition of an <EXPRESSION RESPONSE DATA> element; the expar]

hlgorithm; the removal of ambiguity in the definition of suffixes; and the scope of *LRN?, *SAV,
hme a few.

5 that this new revision, incorporating five years of experience with IEEE Std 488.2-1987, will
solid foundation for the standardized.ecommunication of test and measurement systems.

effort has
designer.
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s standard.
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coal of the
remain in

ded use of

PROGRAM DATA>; the addition of the *RMC, RemoyeIndividual Macro Command; the addjtion of the
e Default Device Settings Command; the modificationnof *DDT, *DMC, *PUD, and *RDT co
k or string data; and a new appendix on Reset Guidelines. There are many clarifications includipg a macro
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STANDARD DIGITAL INTERFACE
FOR PROGRAMMABLE INSTRUMENTATION -

Part 2: Codes, formats, protocols and common commands

1. Introdluction

1.1 Scope

This standprd specifies a set of codes and formats to be used by, devices connected via the IEEE 488.] bus. This
standard also defines communication protocols necessary to effectidpplication independent device-dependent message
exchanges Jand further defines common commands and characteristics useful in instrument system applications.

This standgrd is intended to apply directly to small-scale, to medium-scale instrument systems. It applies to systems
comprised|mainly of measurement, stimulus, and-ifiterconnect devices with an instrumentation contyoller. The
standard mjay also apply to certain devices outside the scope of the instrument system environment.

As well a4 defining a variety of device-dependent messages, this standard extends and further interpfets certain
interface fynctions contained in IEEE $td:488.1-1987 [4]! while remaining compatible with that standard.

This standard covers the following-topics:

1) IHEE 488.1 subsets

2) Sfandard message-handling protocols including error handling

3) Upambiguous program and response message syntactic structures

4) Cpmmon-cemmands useful in a wide range of instrument system applications
5) Sfandardstatus reporting structures

6) Systém 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) T
5) T

6) T

1.3 Notation

This stand
words havg

text, the preferred words for use in this standard. To avoid confusionthiése words always appear in bold

referenced
interface.

This stand|

elements a
remote me

2. Refer
This stand
[1] ANSI 3

[2] ANSI
Informatio|

[31IEEE S
Inch-Poun

pability to generate, process, and interpret a variety of different message types
define codes, formats, protocols, and common commands that will reduce the costs-of
plication software and the costs of system integration
permit direct communication among instrument system devices without extraordinary tran
nversion of special codes and formats

ird defines several common English words that have special meaning\in the context of this stang
different connotations in IEEE Std 488.1-1987 [4], but are, for teasons of readability and conl

in this document. Words that appear in bold type are: systém; device, controller, system bus,
[ .ocal messages peculiar to IEEE 488.2 will also appearin lowercase bold type.

hrd also defines syntactic elements that are used'to describe messages transferred on the bug

re enclosed by angle brackets, for example,, <syntactic element>, to set them off from locall
bsages, and normal text.

ences
ird shall be used in conjunctien with the following publications:

K3.4-1986, American National Standard Code for Information Interchange Coded Character Sef

X3.42-1990, American National Standard Representation of Numeric Values in Character
h Interchange:

td 260-1978, (Reaff 1985). IEEE Standard Letter Symbols for Units of Measurement (SI Units,
| WUnits, and Certain Other Units) (ANSI, DoD).3

| extensive
generating

klation and

lard. These
ciseness of
type when
ind system

. Syntactic
messages,

—17-Bit.2

Strings for

Customary

[4] IEEE S

td 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, U

SA.

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 dionizing radiations.

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

[17]1ISO 31-12: 1992, Quantities and units — Part 12: Charactéristic numbers.
[18] ISO 1¢00: 1992, SI units and recommendations for the use of their multiples and of certain other unity.

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

[20] Muellgr, J. E., “Efficient Instrument.Design Using IEEE 488.2)” 1EEE Transactions on Instrumentation and
Measuremént, 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 lefinitions.
Detailed definifions 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” s any inte e e e system interface e e 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-chiarge. The usuial message
traffic is agsumed to be from “controller-to-device” or from “device-to-controller” (see Fig3*1).

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

In a systemp with a device and a noncompliant controller, the flexible listéning formats allow the achievement of a
higher degfee of compatibility. This compatibility is realized by requiringdninor variations in syntax to be gccepted by
the device] These variations are designed to be syntactically easy tg generate on a variety of controllers{ They may
even be thg noncompliant controller’s default syntax. Such systemis ate 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 rapge of variations of syntax defined by this standard must be accepted when devices listen. ILikewise, a
precise syrjtax also identified by this standard is required when devices talk.

These conroller-to-device (pregram) and device-to-controller (response) messages are composed of syntactic
elements that are described inSections 7. and 8., respectively.

The followjing example démonstrates this relationship among program and response messages for a devicg 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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ing is an example of flexible reception of range programming with the device listening.

Example of Flexible Reception

The syntag
The follow

Example o

The syntag

3.2.2 Oth

In addition to controll r-to-device and device-to-controller messages, protocols are defined to facilit:

control, se
traffic betw

3.3 Funa

The purpo
standard is
3-2.

Device
Controller Sends Interprets
RANGE 12.45 RANGE 12
or RANGE 12 RANGE 12

or RANGE 1.2E+1 RANGE 12

tic rules of Section 7. provide for this flexibility of interpretation.
ing is an example of precise response to range status request with the deyiée'talking.

[ Precise Response Controller

Controller Sends Device Sends

RANGE? 12

tic rules of Section 8. ensure that the device’responds with a precise format.

br Message Traffic

e Section 17. Device-to-deyice protocols are not explicitly defined in this document. Howevd
een devices shall follgw:the syntax for <KRESPONSE MESSAGES> defined in Section 8.

tional Layers

be of aninterface system is to support the system application of the user. In the schema of
a paft, the system contains successive, independent “levels” of communication protocol, as sh

te passing
I, message

which this
own in Fig

Each layer shown has associated common “messages” that form protocols to communicate between itself and the
corresponding layer in the participating system components.

The protocols are designed for communication between nonpeer entities due to the requirements of IEEE 488.1-1987
[4]. No attempt has been made to associate the protocol layering with the ISO Model for Open Systems
Interconnection (OSI).
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Device-Specific Messages

1
1
1
1

!
1
|
i

T
I
I
1

Common Commands and Queries

1
1
1
1

Syntax and Data Structures

1 1

Specified | 1ppr 4882
by | 1
Device ! !
Designer : Standard X
1 1

=]

hyer D represents Device Functions

hyer A represents-Interface Functions (IF)

e wnll el wnll

4. Device Compliance Criteria

A device shall have certain capabilities. This section lists the capabilities that this standard requires in a device. A
device may optionally contain additional capabilities. Any optional device capabilities that are described by this

standard are also listed in this section.

Compliance for a device is divided into several areas that are considered separately. A device shall satisfy all the
required functionality in each of the areas in order to comply with this standard. This section summarizes requirements

he layers have the following representations:

hyer C represents Common System Functions
hyer B representstMessage Communication Functions

Remote IF Messages

<+—— System Component x —»

1IEEE 488.1

Standard
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that are fully specified in the referenced section. The device designer shall use the requirements stated in later sections
when actually designing a device.

4.1 IEEE 488.1 Requirements
A device shall contain the IEEE 488.1 subsets listed in Table 4-1 and no others.

Table 4-1—IEEE 488.1 Interface Requirement for Devices

IEEE 488.1 Interface 1IEEE 488.2
Function IEEE 488.1 Subsets Section

Source Handshake SH1 5.1.1
Acceptor Handshake AH1 5.1.2
Talker TS5, T6, TES, or TE6 53
Listener L3, L4, LE3, or LE4 5.4
Service Request SR1 5.5
Remote Local RLO or RL1 5.6
Parallel Poll PPO or PP1 5.7
Device Clear DC1 5.8

Device Trigger DTO or DT1 59
Controller CO0, or C4~with C5,C7,C9,0orC11  5.10
Electrical Interface El orE2 5.11

A device shall comply with IEEE 488.1. It shall-also meet all requirements stated in Section 5. of this standard.

4.2 Message Exchange Requirements
A device shall follow all the requirements listed in Section 6. of this standard.
A device's|Input Buffer may: take on several forms. The Input Buffer's length may be a fixed number of bytes. It may

contain a fixed number-of complete <PROGRAM MESSAGE> elements. Its length in bytes or <AROGRAM
MESSAGE> elements/may vary with the device's state. See 6.1.5.

Certain qué¢ryunessages may generate the actual response message when the query is received. Other query messages
may generate-the esponse—when-the-controllerre L acnonce_Saee

Execution of individual parsable elements may be done as they are received. The device may also wait until either a
<PROGRAM MESSAGE UNIT SEPARATOR> or a <PROGRAM MESSAGE TERMINATOR> is parsed before
executing preceding <PROGRAM MESSAGE UNIT> elements. A device may contain a mix of these types of
commands. See 6.4.5.1.

4.3 Syntax Requirements

Sections 7. and 8. describe a set of functional elements that the device designer uses to describe the programming
language for a specific device. The entire syntax described in Sections 7. and 8. is not required in every device. Some
functional elements are required and some are optional.

[ Published by IEC under licence from IEEE. © 1992 IEEE. All rights reserved. |
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4.3.1 Required Functional Elements
Table 4-2 lists the required functional elements.

Table 4-2—Required Functional Elements for Devices

Device Listening Functional Element Section
<PROGRAM MESSAGE> 7.3.2
<PROGRAM MESSAGE TERMINATOR> 7.5.0
<PROGRAM MESSAGE UNIT> 7.3.2
<PROGRAM MESSAGE UNIT SEPARATOR> 7.4.1
<COMMAND MESSAGE UNIT> 7.3.2
<QUERY MESSAGE UNIT> 732
<COMMAND PROGRAM HEADER>" 7.6.1
<QUERY PROGRAM HEADER> .62
<PROGRAM HEADER SEPARATOR> 743
<PROGRAM DATA SEPARATOR> 742
<PROGRAM DATA> 7.3.2
<DECIMAL NUMERIC PROGRAM DATA> 7.7.2

* NOTE — <compound command-prégram header> and <compound

query program header> are not required encoding elements.

Device Talking Functional Element Section
<RESPONSE MESSAGE> 8.3.2
<RESPONSE-MESSAGE TERMINATOR> 8.5.0
<RESPONSE MESSAGE UNIT> 8.3.2
<RESPONSE MESSAGE UNIT SEPARATOR> 8.4.1
<RESPONSE DATA> 8.7.0
<RESPONSE DATA SEPARATOR> 8.4.2
<NR1 NUMERIC RESPONSE DATA> 8.7.2

ARRIFR-ARSNLA-QAIT DI CDAOA QI I AT A Q3 11
SARDITRARNT ASCUII RESTUNSE DATAZ O.7.11

4.3.2 Optional Functional Elements

Table 4-3 lists the optional functional elements.
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Table 4-3—Optional Functional Elements for Devices

Device Listening Functional Element Section
<COMMAND PROGRAM HEADER>" 7.6.1
<QUERY PROGRAM HEADER> 7.6.2
<CHARACTER PROGRAM DATA> 7.7.1
<SUFFIX PROGRAM DATA> 7.7.3
<NONDECIMAL NUMERIC PROGRAM DATA> 7.7.4
<STRING PROGRAM DATA> 7.7.5
<ARBITRARY BLOCK PROGRAM DATA> 7.7.6
<EXPRESSION PROGRAM DATA> 7.7
* NOTE — If a device implements <compound command program héader> and

<compound query program header> elements, it does not implement <simple command
program header> and <simple query program header> elements. See 7.6:Jand 7.6.2.

Device Talking Functional Element Section

<RESPONSE HEADER SEPARATOR> 8.4.3
<RESPONSE HEADER> 8.6

<CHARACTER RESPONSE DATA> 8.7.1
<NR2 NUMERIC RESPONSE DATA> 8.7.3
<NR3 NUMERIC RESPONSE DATFA> 8.7.4
<HEXADECIMAL NUMERIC'RESPONSE DATA> 8.7.5
<OCTAL NUMERIC RESPONSE DATA> 8.7.6
<BINARY NUMERICG-RESPONSE DATA> 8.7.7
<STRING RESPONSE DATA> 8.7.8
<DEFINITE LENGTH ARBITRARY BLOCK RESPONSE DATA> 8.7.9

<INBEFINITE LENGTH ARBITRARY BLOCK RESPONSE DATA> 8.7.10
<EXPRESSION RESPONSE DATA> 8.7.12

4.4 Status-RepertingRequirements

4.4.1 Required Status Reporting Capability

A device shall follow the status reporting model presented in Section 11. The device shall include those commands
related to status reporting described in Section 10. and listed in Table 4-4.

A device shall implement the status byte register, the Service Request Enable Register, the Standard Event Status
Register, and the Standard Event Status Enable Register illustrated in Fig 4-1.

[ Published by IEC under licence from IEEE. © 1992 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=cb13da4dba8dcea41a17ac147844da91

IEC 60488-2:2004(E) -19-

IEEE 488.2-1992(E)

Power On

User Request
Command Error
Execution Error

Device Dependent Error
Request Control

O | Operation Complete

N | Query Error

Logical OR

Standard

Event Status Register

*ESR?

Standard
Event Status
Enable Register

Queue

Not-Empty

*ESE <NRf>
"ESE? Output Que
v : ; d by S P
: : < read by Serial Poll
Service
Request [ { 7| 6 |[ESBMAV|3 |2 |1 |0 Status Byte Register
Generation
2 MSS <4 read by *STB?
A

(<]

Logical OR
A A |A AAA A

Y
&
Service Request
7 5143|211 0 | EnableRegister
*SRE <NRf>
*SRE?

Figure 4-1 —Required Status Reporting Capabilities
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Table 4-4—Required Status Reporting Common Commands

4.4.2 Opt

A device 1
they follow

The devicg
requires ng

The devicé

Status Reporting
Command Section
*CLS 10.3
*ESE? 10.10
*ESE? 10.11
*ESR? 10.12
*SRE? 10.34
*SRE? 10.35
*STB? 10.36

The asterisk symbol(*), preceding
CLS in the above table and through-
out the text, is meant to literally
represent the 1st character of a com-
mon command or query (see also
7.6.1.2, 8.6.2, and Table 9-2).

onal Status Reporting Capability

hay include any number of condition registers, event'registers, enable registers, and queues, pr
the model presented in Section 11.

may optionally include the ability to sage enable registers when power is cycled. This cap
nvolatile memory and all of the commands listed in Table 4-5.

Table 4-5—Optional Power-On Common Commands

Power On
Command Section
*PSC 10.25
*PSC? 10.26

mayoptionally include the ability to respond to a parallel poll. This capability also requires the |

subset PP1|

bvided that

hbility also

EEE 488.1

and-all of the commands listed in Table 4-6.

[ Published by

IEC under licence from IEEE. © 1992 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=cb13da4dba8dcea41a17ac147844da91

IEC 60488-2:2004(E) -21-
IEEE 488.2-1992(E)

Table 4-6—Optional Parallel Poll Common Commands

Parallel Poll
Command Section
*IST? 10.15
*PRE 10.23
*PRE? 10.24

4.5 Comlnon Commands

This stand
be implem

ird lists some reserved commands. Some of the commands are required, some are optional, and
pnted in groups.

4.5.1 Required Common Commands

The comm
are related
are require

4.5.2 Opt

In some c4
capabilitie
device cap

bn commands listed in 4.4.1 that are related to status reporting and the.common commands listed
to synchronization are required. The commands that relate to internaloperations are listed in Ta
.

Table 4-7—Required Internal Operation,€ommon Commands

Internal Operations

Command Section
*IDN? 10.14
*RST. 10.32
*TST? 10.38

onal Common Commands

ses, the implementation of a common command is independent of other common command:
. In other cases, cemmon commands shall be implemented in groups or in conjunction with
hbility.

4.5.2.1 Re¢source Description Commands

The resour

ce.description commands, listed in Table 4-8, are optional and loosely coupled. If the resource

some shall

| in 4.6 that
ble 4-7 and

or device
some other

Hescription

can be writfen into the device (*RDT), then the device shall also include the capability to read the resource description
(*RDT?). The *RDT? query, however, may be included without the *RDT command.
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Table 4-8—Optional Resource Description Common Commands

Resource Description

Command Section
*RDT 10.30
*RDT? 10.31

4.5.2.2 Protected User Data Commands

The proteg
commands

ted user data commands, listed in Table 4-9, are optional. If either command is implemented|
shall be implemented.

Table 4-9—Optional Protected User Data Commands

Protected Data
Command Section
*PUD 10.27
*PUD? 10.28

4.5.2.3 Calibration Command

The self-c4

4.5.2.4 Ty

The trigger
trigger con

libration command, listed in Table 4-10, is optional.

Table 4-10—Optignal Calibration Command

Calibration
Command Section
*CAL? 10.2

gger Command

command,Jisted in Table 4-11, is optional. It is required, however, if the device has DT1 capat
'mand issimplemented, the device shall also have DT1 capability.

Table 4-11—Optional Trigger Command

4525 Tr

Trigger

Command Section

*TRG 10.37

igger Macro Commands

then both

ility. If the

The trigger macro commands, listed in Table 4-12, are optional. Implementing either command requires the device to
have DT1 capability. Implementing *DDT requires the device to implement *DDT?.
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Table 4-12—Optional Trigger Macro Commands

Trigger Macro
Command Section
*DDT 10.4
*DDT? 10.5

If the trigger macro commands are implemented, the device shall also include the <ARBITRARY BLOCK

PROGRAII DATA> and <DEFINITE LENGTH ARBITRARY BLOCK RESPONSE DATA> functional ¢lements.

4.5.2.6 Macro Commands

The macrol commands, listed in Table 4-13, are optional. If any commands in this group are/implemented, however,

then all commands in this group shall be implemented.

If the ma¢ro commands are implemented, the device shall also include thes<STRING PROGRAM DATA>,
<ARBITRARY BLOCK PROGRAM DATA>, <STRING RESPONSE DATAS>, and <DEFINITE | LENGTH

ARBITRARY BLOCK RESPONSE DATA> functional elements.
4.5.2.7 Option Identification command

The option|identification command, listed in Table 4-14, is optionals

Table

Table 4-13—OptionalMacro Commands

Macros
Command Section
*DMC 10.7
*EMC 10.8
*EMC? 10.9
*GMC? 10.13
*LMC? 10.16
*PMC 10.22

4-14—Optional Option Identification Command

Options

Command Section

*OPT? 10.20

4.5.2.8 Stored Setting Commands

The stored setting commands, listed in Table 4-15, are optional. If either command is implemented, then both

commands shall be implemented.
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Table 4-15—Optional Stored Setting Commands

Stored Settings
Command Section
*RCL 10.29
*SAV 10.33

4.5.2.9 Learn Command

The learn Jommand, listed in Table 4-16, is optional.

Table 4-16—Optional Learn Command

Learn

Command Section

*LRN? 10.17

4.6 Syndhronization Requirements

Section 12| describes the capability that is required in all devicesfor synchronization. A device designer thay choose
which opetations have pending-operation flags associated with’them in accordance with the rules in Sectign 12.

The requirgd common commands related to synchronization are listed in Table 4-17.

Table 4-17—Required Synchronization Commands

Synchronization
Command Section
*OPC 10.18
*OPC? 10.19
*WAI 10.39

4.7 System Configuration Capability

Section 13|_describes the optional capability that is used to configure the IEEE 488.1 addresses of devices. This
capability is implemented by including the common commands in Table 4-18.
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Table 4-18—Optional System Configuration Commands

Auto Configure

Command Section
*AAD 10.1
*DLF 10.6

If either command is implemented, then both commands shall be implemented.

These com
protocols.
protocols.

4.8 Controller Capability

4.8.1 Required Controller Capability
A device i
4.8.2 Opt
If a device

listed in Tal
protocol dg

mands cause the device to suspend temporarily normal message exchange protocols and'to u
To ensure compatibility with other devices, the device designer must carefully adhere)to’ the

not required to have any controller capability.
onal Controller Capability

has any controller capability, it shall include the IEEE488.1 C4 subset and the pass control back
scribed in 17.5.

Table 4-19—Optional Passing Control Command

Stored Settings

Command Section

*PCB 10.21

ce Documentation Requirements

hentation (provided with a device shall describe how the device has implemented this star]
tion is¢equiired and shall include

listof IEEE 488.1 Interface Functions subsets implemented, see Section 5.

e different
e different

t command

ble 4-19. It shall obey the passing control protocol@escribed in 17.4 and it shall obey the requesting control

dard. This

4.9 Devi

The docun

documenta
1) A
2) A
3) A
4

5)

description of device behavior when the address is set outside the range of 0-30, see 5.2.
description of when a user-initiated address change is recognized by the device.

A description of the device setting at power-on, see 5.12. Any commands that modify the power-on settings
shall also be included. A list of device-specific enable registers affected by the *PSC common command shall
be included.

A
a)

description of message exchange options:
The size and behavior of the Input Buffer, see 6.1.5.

b) Which queries return more than one <KRESPONSE MESSAGE UNIT>, see 6.4.3.

)

Which queries generate a response when parsed, see 6.4.5.4.

d) Which queries generate a response when read, see 6.4.5.4.

€)

Which commands are coupled, see 6.4.5.3.
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6) A list of functional elements used in constructing the device-specific commands. Whether <compound
command program header> elements are used must also be included, see 7.1.1 and 7.3.3.

A

description of any buffer size limitations related to block data, see 7.7.6.5.

8)  Alist of the <PROGRAM DATA> elements that may appear within an <expression> as well as the maximum
subexpression nesting depth. Any additional syntax restrictions that the device may place on the
<expression> shall also be included.

9 A

description of the response syntax for every query, see Section 8.

10) A description of any device-to-device message transfer traffic that does not follow the rules for <RESPONSE
MESSAGE> elements, see 8.1.
11) The size of any block data responses, see 8.7.9.4.

12) Al
ail
13) Al
14) T
in
15) T
m
1
16) A
17) If
a
b

18)
19)
20)

21)

T
1
Al
(s
Al
Al
22) F

23) Fgr each command, the device dogumentation shall specify the functional criteria that are mg

o
24) Al

5. Devid

This secti
requiremer
are intendd
standard.

[TiST of common commands and queries that are implemented, including, where appropriate, ing
y optional functional elements implemented, see Section 10..
description of the state of the device after successful completion of the Calibration query, see |
he maximum length of the block used to define the trigger macro (see 10.4.6.1)‘and the
terpreting *TRG within a ¥*DDT command sequence (see 10.4.6.3).
he maximum length and complexity of macro labels; the maximum length of ‘the block used
acro; and how recursion is handled during macro expansion, if the macro commands are impler]
.
description of the response to the identification common query, *IDN7ssece 10.14.
the *DDT command is implemented,
The maximum length of the block used to define the trigger miacro, see 10.4.
The command sequence sent with the *DDT command has the same effect as *RST on
performed by GET, see 10.4.1 and 10.4.6.3.
he size of the resource description, if the *RDT commaind or *RDT? query are implemented, seq
31.
description of the states affected by *RST (see 10732), *LRN? (see 10.17), *RCL (see 10.29)
e 10.33).
description of the scope of the self-test performed by the *TST? query, see 10.38.
description of additional status data structires used in the device's status reporting, see Sectior]
r each command, a statement describing whether it is overlapped or sequential.

eration complete message is gefierated in response to that command, see 12.8.3.

description of the representations, if any, used for infinity and not-a-number, see 7.7.2.4.5 and
e Interface Function Requirements

n describes the IEEE 488.1 interface function requirements of a device. It specifies the

ts of a déyiee that are directly associated with the ten IEEE 488.1 interface functions. These re
d to supplement the IEEE 488.1 specification for the IEEE 488.2 system environment as descr

lications of

0.2.
method of

to define a
hented, see

the action
10.30 and

and *SAV

11.
bt when an

B.7.4.4.

additional
quirements
bed in this

5.1 Handshake Requirements

5.1.1 Sou

rce Handshake Requirements

A device shall contain the SH1 (complete capability) subset. It shall make the transition from Source Delay State
(SDYS) to Source Transfer State (STRS) only if the ready for data (RFD) message is TRUE and the data accepted
(DAC) message is FALSE, see 6.5.3.
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5.1.2 Acceptor Handshake Requirements

A device shall contain the AH1 (complete capability) subset and shall additionally follow the requirement of the

following paragraph. 1

A device shall enter Acceptor Idle State (AIDS) of the AH function within 1ms after ATN assumes the FALSE state if
the device was in Listener Idle State (LIDS) when ATN was TRUE. This 1, juirement ensures that the device will
operate reliably with the Find Listeners common controller protocol, see 17...

5.2 Address Requirements

A device shall have the same talk and listen addresses. The lower 5 bits of the MTA and MLA codes, the primary
address of| the device, shall be identical. (See IEEE Std 488.1-1987 [4], 6.3.) If the device utilizep extended
addressing] the talk and listen secondary addresses (MSAs) shall also be identical.

A device shall have a single primary address that may be set by the user to any value within:the range of 0 fo 30. If the
device utiljzes extended addressing, the user shall also be able to set the single secondary address withiph the same
range.

The addregs of a device shall be settable independent from any other device's address even if the deyices share
common physical resources such as the same enclosure.

A device ghall have a local means of selecting its IEEE 488.1 primary address (and secondary address {f extended
addressing]| is used) that shall be retained during power-off. The device operator shall be capable of altering this

address.

The physidal configuration, labeling, and positioning of the address selection mechanism shall follow the gyidelines of
IEEE Std 488.1-1987 [4], Appendix L.

The devicg designer should avoid using address settings outside the range of 0-30. Any exceptigns to this
recommen(lation shall be documented with the associated behavior.

If hard swijches are used to set the address, and the address is apparently set to 31, the device shall operate in a manner
that does npt disrupt system bus traffic.

Device do¢umentation shall ‘state when a user-initiated address change is recognized by the device. A device shall
update its address at powerson.

5.3 Talker Requirements

A device shall.Contain either the TS, T6, TES, or TE6 subsets. These subsets require the basic talker with semial poll and
unaddress if MLA.

This standard assumes that the controller performs all talker addressing via MTA and unaddressing via MLA, OTA,
and UNT. Talk-only mode capability is, therefore, not a requirement of this specification. The presence of a talk-only
mode of operation (for example, in a controller-less system) is allowable, but operation in this mode is considered
beyond the scope of this standard.

5.4 Listener Requirements

A device shall contain either the L3, L4, LE3, or LE4 subsets. These subsets require the basic listener with unaddress
if MTA.
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This standard assumes the controller performs all listener addressing via MLA and unaddressing via MTA and UNL.
Listen-only mode capability is, therefore, not a requirement of this specification. The presence of a listen-only mode
of operation (for example, in a controller-less system) is allowable, but operation in this mode is considered beyond
the scope of this standard.

Note the additional requirement for inactivating the Acceptor Handshake function on an ATN FALSE transition in
Listener Idle State (LIDS). See5.1.2.

5.5 Service Request Requirements

A device s
Section 11

5.6 Rem

hall contain the SR1 (complete capability) subset and shall conform to the status handling requ

bte/Local Requirements

5.6.1 Control and Operation Definitions

IEEE 488.

5.6.1.1 IE

An IEEE
messages ¢

5.6.1.2 IE

P control functions and operations are classified using the source of control and method of annuj
FE 488.2 Remote Operation

188.2 remote operation is any operation of a device function in a system that is effected v
ver the system interface.

EE 488.2 Local Operation

An IEEE 488.2 local operation is any operation of a device function that is not an IEEE 488.2 remote op

An examp
attached toj

Operation
the standp

5.6.1.3 Ld
A local cot
Local cont

Local cont

e is the actuation of a user-accessible.switch, knob, button, touch-screen location, etc., that is
a device and used locally to control'er program the device.

bf a device via any other bu§ orrinterface connected to the device is considered to be local ope
int of the system.

cal Control
itrol effects IEEE 488.2 local operation of a device.

rols inelude device inputs that are designed for control.

rements of

nciation.

a program

bration.

physically

ation from

Fol$\and the accompanying Remote/Local requirements of this section are intended to apply omly to local

controls w

hose function can also be effected via IEEE 488.2 remote operation.

Local controls whose function cannot be effected via IEEE 488.2 remote operation or whose function is to protect the
safety of the user or equipment are beyond the scope of this standard.

The following control functions are explicitly excluded from categorization as local controls.

1) Switching line power.
2)  The generation of the user request (URQ) message.
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5.6.1.4 External-Control-Signal

An external-control-signal invokes device actions using a device port other than the system interface. External-
control-signals are beyond the scope of this standard, but may optionally function as local controls. External-control-
signals, however, shall not violate the message exchange protocols of Section 6.

An example of an external-control-signal is a digital voltmeter's external trigger, which initiates a measurement. The
results may then be read from the device.

5.6.1.5 Hard Local Control

Hard local

remote opdration of the device.

For examp
operation.

[he state of this switch is indicated by printed labels on the front panel of the device, but remot

cannot rotdte the switch.

5.6.1.6 Soft Local Control

Any local
keyonad

ontrol that is not a hard local control is a soft local control. For €xample, a physical (moment3
bvice may be used to turn a device function on or off with alteérfiate pushes. The on/off state is if

a light locdted by the switch. The light is controlled by the actual state ‘of the device function.

5.6.1.7 Programmable Local Control

A local co

local operation is a programmable local control. Programmable local controls may be hard or soft local co

5.6.2 IEE

F 488.1 Subset Requirements

A device that is capable of IEEE 488.2 locdland remote operation and that utilizes programmable local co
contain thq RL1 (complete capability ificluding local lockout) subset of the IEEE 488.1 Remote/Local fun

A device that is incapable of IEEE*488.2 local operation or that does not utilize programmable local co
contain theg RLO (no capability)subset of the IEEE 488.1 Remote/Local function. A device containing the

shall ignor

5.6.3 Loc

e all IEEE 488. 1\ interface messages related to Remote/Local function state changes.

pl-to-Remote State Transition Requirements

The transitionsfrom Local State (LOCS) or Local With Lockout State (LWLS) to Remote State (REMS)
With Lockput State (RWLS) shall disable local operation of all programmable local controls.

controls on a device have indicators (mechanical, positional, etc.) that cannot be changed by lIEEE-488.2

e, an instrument may have a mechanical rotary switch that is used to select amongthrce differefgt modes of

£ messages

ry contact)
ndicated by

itrol of a device function that can be affected by IEEE 488.2 remote operation as well as by [EEE 488.2

ntrols.

ntrols shall
ction.

ntrols may
RLO subset

or Remote

5.6.4 Remote-to-Local State Transition Requirements

The transition from REMS or RWLS to LOCS or LWLS shall enable local operation of all programmable local
controls of the device.

The transition shall also alter any hard local control functions so that they match the hard local control indicator. After
the transition, the device's front panel and state of control shall agree.

The transition shall not alter any soft local control functions.
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Setting the rtl local message TRUE with LLO false or Accept Data State (ACDS) inactive shall cause a device in
REMS to change to LOCS (see IEEE Std 488.1-1987 [4],2.8.3.3).

5.6.5 Local State Operation

In LOCS or LWLS, a device shall process all program messages so as to maintain consistency between the information
presented to the local user and the actual state of the device.

To avoid an inconsistency, a device shall do one of the following:

1) Cprrectihe inconsistent information presented to the local user
2) Rpmove the inconsistent information

3) Generate an execution error and discard the responsible <PROGRAM MESSAGE UNIT>\(See IEEE 488.2
thtus reporting protocols in Section 11.)

w

Alternativg (1) is the preferred choice.

In LOCS gr LWLS, a device shall not be inhibited from sending a <RESPONSE MESSAGE> in responsg to a query
previously|received by the device.

When a depice is sent program messages while in local, there are potential afbitration problems if front panel controls
are manipylated. Application programs can avoid such problems by placidg the device in remote.

5.6.6 Remote State Operation

In REMS ¢r RWLS, a device shall process all program messages.
In REMS gqr RWLS, device-specific messages (not definied by this standard) may be sent to selectively enaple specific
local contrpls. Under this circumstance, the specified:local controls are no longer locally inoperative. If specific hard

local contrpls are enabled, the device's state of control and these hard local controls shall agree.

In REMS g¢r RWLS, a device shall not be ifihibited from sending a <RESPONSE MESSAGE> in responsg to a query
previously [received by the device.

5.6.7 Operation Independent'of Remote/Local State

The Remofe/Local function,shall be associated only with the enabling and disabling of local controls as defined in this
section. Other device gperdtion, such as updating the device state and associated local annunciation, shgll function
independent of the Remote/Local state of the device.

5.6.8 Remote/Local Indicator Requirements

Devices with hard local controls shall incorporate a “Remote” indicator (see IEEE Std 488.1-1987 [4], Appendix H).
For devices without hard local controls, the Remote indicator is optional. All indicators relating to Remote/Local

transitions shall be labeled and shall function in accordance with the requirements of IEEE Std 488.1-1987 [4],
Appendix H.

5.7 Parallel Poll Requirements

A device shall have either the PPO (no capability) or the PP1 (remote configuration) subset. A device with the PP1
subset shall conform to the requirements of 11.6.
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5.8 Device Clear Requirements

A device shall contain the DC1 (complete capability including selective device clear) subset. Specific IEEE 488.2
requirements for the device's response to entering DCAS are specified in Section 6. and summarized in the following:

A device entering Device Clear Active State (DCAS) via a DCL or SDC command shall:

9]
2)
3)
4) D
5) Py
Id
6) A
7 P
Shall not:
1) C
2) In
3) In
4) C
1
See Appen
5.9 Devi

A device thay contain either the DTO (no capability) or the DT1 (complete capability) IEEE 488.1 dey
function. A
10.37. Useg
Trigger (G

5.10 Cor

A device S
following
messages,
capability,
control to §

Clear the Input Buffer and Output Queue.
Reset the Parser, Execution Control, and Response Formatter (see 6.1.4.2.6).
Clear any command that prevents processing a *RST or other device commands.

iscard all commands and queries deferred due to coupled parameters (see 6.4.5.3).
it the device into Operation Complete Command Idle State (OCIS) and into Operation Comf
le State (OQIS) (see 12.5.2.1.1 and 12.5.3.1.1).

bort the *AAD and *DLF common commands (see Section 13.).
it the device in the message exchange IDLE state (see 6.3.1.1).

hange any settings or stored data in the device except as stated earlier!

terrupt front panel I/0.

terrupt or affect any device operation in progress except as stated garlier.

hange the status byte other than clearing the MAV bit as a censequence of clearing the Output
2.1.2).

dix D for a discussion of the resetting actions of dcasas they relate to other reset commands.

ce Trigger Requirements

device containing the DT1 subset shall implement the associated common command, *TRG, a
of the optional *DDT common-¢ommand, see 10.4, affects the operation of *TRG and Gro
ET).

itroller Function-Requirements

hall contain either no Controller function capability (CO) or shall contain a Controller functi
ubset options-C4 with C5, C7, C9, or Cll. These subsets provide the capability to respond to SK
Feceive control, pass control, and take control synchronously. They specifically prohibit system
that is, sending the IFC and REN interface messages. They optionally permit the capability
elf and conducting a parallel poll.

lete Query

Ducue, (see

rice trigger
defined in
ip Execute

n with the
1Q, send IF
controller
of passing

If a device contains any Controller function subset other than CO, then it shall also be able to pass and receive control
by means of the protocols described in 17.4 and 17.5.

See Section 15. for controller (as contrasted to device) requirements.

5.11 Electrical Requirements

Implementation of the E2 electrical interface option (see IEEE Std 488.1-1987 {4}, Appendix C2) is recommended.
Open collector drivers shall be used to drive the SRQ, NRFD, and NDAC signal lines. Three-state drivers should be
used to drive the DAV, EOI, and ATN signal lines. A device is not allowed to drive REN or IFC. If the device is in
Parallel Poll Active State (PPAS), the device shall use open collector drivers to drive the DIO1-8 signal lines. When not

[ Published by IEC under licence from IEEE. © 1992 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=cb13da4dba8dcea41a17ac147844da91

-32- IEC 60488-2:2004(E)
IEEE 488.2-1992(E)

in PPAS, the device should use three-state drivers to drive the DIO1-8 signal lines. If a device needs to source
handshake data bytes at a rate greater than 250 000 bytes per second, the E2 option is required (see IEEE Std 488.1-

1987 {4},

5.2).

NOTE — Some integrated circuits may require external hardware to avoid driving the DIO lines during a parallel poll, even though
the PPO subset is implemented.

5.12 Power-On Requirements

At power-on, device settings shall be either restored to their values when the device was last powered off, set to known

states that
nonvolatilg

Device-spg
power-on.

the power-

See Appen

5.12.1 ltems Not Affected by Power-On

A device s
D T
2) P
3) D

a
b
C
d
e

5.12.2 ltems Dependent Upon Power-On-Status-Clear Flag

If the pow
Register, a

A device s
Enable Rej
the *PSC d

memory.

cific commands may be provided to select whether device settings are restored or $et to a kno
This standard defines one such command, power-on status clear (*PSC, see 10.25(4); which sets
bn-status-clear flag.

Hix D for a discussion of the resetting actions of power-on and *PSC as they relate to other reset

hall not alter the following due solely to a power-on (receiptofithe IEEE 488.1 pon local mess

he bus address

rtinent calibration data

pta or device states that cause a change in the response to the following common queries:
*IDN? (Identification Query, see 10.14)

*OPT? (Option Identification Query, see 10.20)

*PSC? (Power-On Status Clear Query,'see 10.26)

*PUD? (Protected User Data Quefy) see 10.28)

*RDT? (Resource DescriptionIransfer Query, see 10.31)

br-on-status-clear flagns ' FALSE, the Service Request Enable Register, the Standard Event Std

hall clear thé Service Request Enable Register, the Standard Event Status Enable Register, the P
rister, and.dévice-specific event enable registers at power-on if the power-on-status-clear flag is
ommand is not implemented.

The devic

nre explicitly stated in the device documentation, or set to a state defined by the user and stofed in local

fwn state at
and clears

ommands.

hge):

tus Enable

hd the Parallel Poll Enable Register shall not be affected by power-on. See *PSC command in 1j0.25.

larallel Poll
I'RUE or if

HPQignPr may use the state of the pnwer—nn-qmmq-rleﬂr flag ta control whether other statns r

pgisters are

cleared at power-on.

5.12.3 Iltems That May be Affected by Power-On

At the discretion of the device designer, a device may alter the following at power-on:

1) Current device function states

2) Status information, see 5.12.2 and 11

3) *SAV/*RCL registers, see 10.33 and 10.29

4)  Macro definition defined with the *DDT command, see 10.4
5) Macro definitions defined with the *DMC command, see 10.7
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6)
7

Macro enabling with the *EMC command, see 10.8
Address received with last *PCB command, see 10.21

6. Message Exchange Control Protocol

The device message exchange protocol specifies how a device handles program and response messages.

The term controller refers to the system element that is exchanging messages with the device. The requirements of
this section also apply to device-to-device communication.

exceptiona

The term
<QUERY

The terms
Section 11

6.1 Fund

Fig 6-1 pr
section, th
device des

fers to conditions that will (not) happen under normal conditions. The device's response to both
| conditions is defined by this standard.

‘Query Message,” as used in this section, is a <PROGRAM MESSAGE> that eoftains o1
MESSAGE UNIT> elements. Note that all bracketed syntactic elements are defined in Sections

99 <

‘Command Error,” “Execution Error,” “Query Error,” and “Standard EventStatus Register” arg

tional Elements

psents the relationship between the IEEE 488.1 bus, the’Message Exchange Interface descri
e Status Reporting functions described in Section 11:Nand the device-specific functions provi
gner.

IEEE 488.1 bus
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Figure 6-1—Device Status and Message Exchange Overview
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6.1.1 IEEE 488.1 Bus

The IEEE 488.1 bus, shown in both Figs 6-1 and 6-2, represents the physical IEEE 488.1 interface cable and drivers
as defined in IEEE Std 488.1-1987 [4].

1IEEE 488.1 bus
[

IEEE 488.1
remote p-idle, ec-idle, ib-empty
messages . |
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STB, reqt, reqf, ist (Sect. 11) get e & SR |
76 S ->: Trigger |
- Control - Control '
\ I
| S 1
DAB ‘ r
get| bav 3 X
MAV RMT-sent| brq END \ GET |
(Section 11) . dcas GET \ trigger,
oq-fu ib-empty v I
oq-empty ib-full ¥ |
Output Input !
Queue - > Buffer |
7 clear clear, X
i
DAB '
Response END X
Message GET !
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omman |
Message eom, query Error '
rf-blocked -block
Response R Eéch:ngle p-blocked p {(Par. 6.5.4) E
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y reset reset . R \
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Message '
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Data reset on r? PR :
i
Executable| “» ec-idle !
pon Message :
Elements X
'
Device « !
Fuu\.ﬁulls_'z ______________________________ T

Figure 6-2—Message Exchange Control Interface Functional Blocks

6.1.2 Status Reporting

The Status Reporting block appears only in Fig 6-1. Fig 6-2 does, however, display the status messages sent from the
Message Exchange Interface and the messages sent to the I/O Control.

The Status Reporting block receives error and status messages from the Message Exchange Interface and Device
Functions blocks. It also sends the STB, reqt, reqf, and IEEE 488.1 ist messages to the I/O Control, so that it can
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respond to EEE 488.1 Serial Poll and Parallel Poll requests. The Status Reporting block is described completely in
Section 11.

6.1.3 Message Exchange Interface
The Message Exchange Interface deals with all IEEE 488.1 device-dependent messages to and from the device.
Fig 6-2 presents a logical model that describes the operation of the device's Message Exchange Interface. It is not

intended to imply a particular physical implementation. Some handshaking signals between blocks have been omitted
to reduce the complexity of the diagram.

NOTE — For an example of an implementation of the Message Exchange Interface, see [20].

6.1.4 1/0 Control

The I/O Cpntrol, shown in Figs 6-1 and 6-2, interprets and decodes IEEE 488.1 remotéymessages. Many of the
functions ¢f this block are provided by commercial integrated circuits that have been,'designed to implement the
requiremeijts of IEEE 488.1.

The I/0 Cqntrol responds to IEEE 488.1 Serial Poll and Parallel Poll requests as'directed by the STB, req, reqf, and
ist messages from the Status Reporting block, see Section 11. It generatesthe dcas, DAB, END, get, bgv, and brq
messages that are sent to the Message Exchange Interface, and receives the DAB and END messages from the
Message Bixchange Interface.
6.1.4.1 /O Control Rules
6.1.4.1.1 /O Control Sending Data Bytes

When brqlis TRUE and oq-empty is FALSE, the 1/OControl shall remove one byte from the Output Queue, set brq
FALSE, and send the byte to the controller using the IEEE 488.1 Source Handshake (SH) function. See 6{1.4.2.3.

6.1.4.1.2 /O Control Receiving Data Bytes
When bav [is TRUE and ib-full is FALSE, the I/O Control shall set bav FALSE and then place the associated DAB and
any accompanying END messagetinfo the Input Buffer using the IEEE 488.1 Acceptor Handshake (AH) fupction. See
6.1.4.2.4.
6.1.4.1.3 IO Control-Receiving IEEE 488.1 GET Message

When get |s TRUE-and ib-full is FALSE, the I/O Control shall set get FALSE and then place a GET megsage in the
Input Buffer.

NOTE — If the optional Trigger Control is implemented, the ger message shall be sent to the Trigger Control rather than the Input
buffer. The get can be executed directly under certain conditions, see 6.1.11.

6.1.4.1.4 1/0 Control Ordering of Received Messages

The I/O control shall preserve the order of received messages, including data bytes (DABs), END messages, Group
Execute Trigger, Device Clear, and Selected Device Clear.

The following example shows a design technique for preserving the order of received data bytes and the IEEE 488.1
remote interface messages: DCL, SDC, and GET.

Design the device's message interface for Device Clear handling as follows:
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1) Design the IEEE 488.1 AH function to wait in ACDS when the Device Clear (DC) function enters the Device
Clear Active State (DCAS) until the I/O Control sets the dcas message TRUE.

2) Ensure that the I/O Control sets bav FALSE and discards the DAB before it releases the bus holdoff and
allows the device's AH function to accept a new data byte. Since the new data byte associated with the bav
message must have been received first with the bus being in a holdoff state during the receipt of the DCL or
SDC messages, proper sequencing is guaranteed.

Design the device's message interface for Device Trigger handling as follows:

1) Design the IEEE 488.1 AH function to wait in Accept Data State (ACDS) when the Device Trigger (DT)

fynction enters 1S received and untl [ontrol sets
get message TRUE. This action is often called “NDAC bus holdoff.”
ve the I/O Control set bav FALSE and place the data byte in the Input Buffer before acceptinlg the GET
ssage when the bav and get messages are both TRUE. Since the new data byte assgcidted wjth the bav
ssage must have been received first with the bus being in a holdoff state during)the receipt ¢f the GET
ssage, proper sequencing is guaranteed.
3) Epsure that the I/O Control accepts the GET message (sets get TRUE) before(it\teleases the bus holdoff and
ows the device's IEEE 488.1 AH function to accept a new data byte.

2)

NOTE — The use of NDAC holdoff on GET allows the following situation when the Taput Buffer is full. The devide will assert
NDAC as long as the Input Buffer is full. The controller cannot communicate with the device. A Device (lear cannot
He sent. The only way to remove this condition is to have

— The parser remove a DAB, END, or GET from the Input Buffer, or

— The Device Function send the pon message to the Message ‘Exchange Control
6.1.4.2 I/Q Control Messages
This section describes the action of the I/O control IEEE 488.2 local messages.

6.1.4.2.1 Data Byte Message (DAB)

The DAB mhessage is defined in IEEE 488!1. It consists of eight bits that are either sent or received by the device while
ATN is FALSE.

6.1.4.2.2 End Message (END)

The END message is defined in IEEE 488.1. It is sent with a DAB by setting EOI TRUE and ATN FALSE.

6.1.4.2.3 Byte Requested Message (brq)

The brq

The I/0 Control shall set brq TRUE after the IEEE 488.1 SH function enters the IEEE 488.1 Source Generate state
(SGNS) and the T or TE function is in the Talker Active State (TACS). The brq message shall be set TRUE once and
only once for each transition into SGNS.

The I/0 Control shall set brq FALSE when any of the following conditions occur:

1) The I/O Control sends a data byte from the Output Queue to the controller (see 6.1.4.1.1).
2) The device performs the INTERRUPTED action described in 6.3.2.3.

3) The device performs the UNTERMINATED action described in 6.3.2.2.

4) The I/O Control sets the dcas message TRUE.
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5) The Message Exchange Control enters the IDLE state from the DONE or DEADLOCK states. No other
device or interface condition shall cause brq to be set FALSE.

6.1.4.2.4 Byte Available Message (bav)
The bav message indicates that the I/O Control has received a data byte and is ready to place it in the Input Buffer.
The I/0 Control shall set bav TRUE after the IEEE 488.1 L or LE function is in the Listener Active State (LACS) and

the IEEE 488.1 Acceptor Handshake function enters the Accept Data State (ACDS). The bav message shall be set
TRUE once and only once for each transition from the Acceptor Ready State (ACRS) to ACDS.

The I/O Cqntrol shall set bav FALSE when any of the following conditions occur:

1) A]data byte is placed in the Input Buffer. (If the device has a zero length Input Buffer;the’1/O Control shall
sdt bav FALSE when the data byte is sent to the Parser.) See 6.1.4.1.2.
2) The dcas message is set TRUE. The associated data byte shall be discarded.

No other dievice or interface condition shall cause bav to be set FALSE. See 6.1.4.1.3:
6.1.4.2.5 Group Execute Trigger Message (get)

The IEEE #88.2 get message signals the transition of the IEEE 488.1.-Device Trigger (DT) function to [the Device
Trigger Adtive State (DTAS). This transition occurs when a IEEE)488.1 Group Execute Trigger (GET) remote
interface message is received while the device was addressed tonlisten. The get message can be used tp initiate a
device-defined action or the action defined by the *DDT commgn’command, see 10.4.

The devicd shall process data bytes and GET messages in‘the order received, see 6.1.4.1.4.

This standjird specifies two methods for device triggering, the common command *TRG, see 10.37, angl the IEEE
488.1 intetface message GET. Typically, device-triggering is used for two distinct purposes:

1) For the properly sequenced initiation of a device-defined or user-defined action within a singld addressed
device
2) For the synchronized initiation of device-defined or user-defined actions within multiple addressdd devices

For purpose (1), either GET pr ¥FRG may be used for device triggering. The storage of either one in the Input Buffer
ensures thgt the trigger will.be"executed in the correct sequence in relation to other commands.

For purpoge (2), wherg“the required synchronization could be compromised by the software/ firmware |processing
overhead, the optional Trigger Control Block may be used. When the Trigger Control Block receive a gpt message
from the I/D Control Block, it generates a trigger local message for immediate execution by the device, prpvided that
the Input Buffer is empty and the Parser and Execution Control are idle.

If the Input Buffer is not empty or if the Parser or Execution Control are not idle, the alternative GET message shall be
placed in the Input Buffer, and execution of the trigger shall be deferred until previous commands have been executed.

If the optional Trigger Control block (see 6.1.11) is implemented, the I/O Control shall send the get message to it.
Otherwise, the I/O Control shall place the GET message directly in the Input Buffer.

6.1.4.2.6 Device Clear Active State Message (dcas)
The I/0O Control shall set the dcas message TRUE after the device enters the Device Clear Active State (DCAS)

defined by IEEE 488.1 . The device enters DCAS whenever it receives the Device Clear (DCL) remote command or it
receives the Selected Device Clear (SDC) remote command while it is addressed to listen.
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When dcas is set TRUE, the Input Buffer and Output Queue shall be cleared; the Parser, Execution Control, and
Response Formatter shall be reset; and the device shall enter the Message Exchange IDLE state. The device also enters
Operation Complete Command Idle State (OCIS) and Operation Complete Query Idle State (OQIS), see 12.5, and
returns to normal operation after the *AAD or *DLF commands, see Section 13.

The I/0 Control shall set the dcas message FALSE when these actions are completed and the Message Exchange
Control enters the IDLE state. Device Clear requirements are summarized in 5.8.

The device shall ensure that data bytes and DCL or SDC are processed in the order received. If the device receives a
new data byte while dcas is TRUE, it shall not discard the data byte or set bav FALSE.

6.1.4.2.7 Response Message Terminator Sent Message (RMT-sent)

The I/O (ontrol block shall set the RMT-sent message TRUE when it has sent the <RESPONSE MESSAGE
TERMINATOR>.

Receipt of TRUE bav or brq messages shall cause the I/O Control to set the RMT-sent niessage FALSE.
6.1.5 Input Buffer

The Input Buffer, shown in Fig 6-2, stores DABs, GET messages, and END(essages. The Input Buffer then delivers
these messpges to the Parser in the order that they were received from the/I/0 Control. The dcas message ghall not be
stored in the Input Buffer, as this could result in the device not beingable to immediately respond to dcas;

The Input Buffer shall be implemented as a first-in first-out data.structure. Data bytes, END, and GET mgssages are
placed intq the Input Buffer by the I/O Control as the device(handshakes them from the IEEE 488.1 bus. [The details
of when apd how items are placed into the Input Bufferare described in 6.1.4.1.2, 6.1.4.1.3, and 6.1.4{1.4 on I/O
Control Rg¢ceiving. DABs, END, and GET messagesiare removed from the Input Buffer by the Parsgr at a rate
consistent ith the capabilities of the Parser and the'associated execution of commands.

6.1.5.1 Input Buffer Rules

6.1.5.1.1 Input Buffer Length

The Input Buffer shall be equal-fotor greater than zero in length. The Input Buffer's length may be fixgd at some
number of|bytes or program/messages, or its length may vary. The Input Buffer length shall be specified|in the user
documentation.

The operafion of th¢ Input Buffer is transparent to application programs, except as a performance improvement.
Devices thpt can aceept program messages faster than they can execute them should have Input Buffers lgng enough
to allow the storing of a reasonably sized program message. This buffering will allow application programs to send
messages tp the’device and then continue to use the system bus for other purposes while the device is takihg the time
it needs to respond.

For example, a digital plotter responds to commands slowly due to the need to allow for pen movement. If a typical
length program message for the device is 80 bytes, the device should have an Input Buffer of at least 80 bytes.

The device designer must consider the application of the device when choosing an Input Buffer length. A larger Input
Buffer is useful in smart, highly-independent test instruments that use complex <PROGRAM MESSAGE> elements.
These complex <PROGRAM MESSAGE> elements may require a significant time to process. In some systems, this
time can be used for tasks other than waiting for this device to finish processing a <PROGRAM MESSAGE>.
Increasing buffer length, however, requires the user to be more careful about synchronization within the system.
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If a zero length Input Buffer is used, the system interface provides a source of synchronization. With this very short
Input Buffer, the device can never fall behind the controller. If a DAB or GET is sent, it will be processed immediately
by the device.

NOTE — Most commercial integrated circuits that implement the requirements of IEEE 488.1 provide at least a 1 byte internal
data buffer.

6.1.5.1.2 Input Buffer Overflow

The Input Buffer shall not overflow. If the buffer is full, the device shall not enter the IEEE 488.1 Acceptor Ready

State (ACRS)-while-inlistenerAetive-State-d-ACSH-NRED-holdefH-Afterthe Parserremeoves-anitemfrom the Input

Buffer, the|l/O control may accept another item from the system interface. No error shall be reported when the Input
Buffer fillsfunless the device becomes deadlocked, see 6.3.1.7 and 6.5.7 4.

6.1.5.1.3 Input Buffer Clearing

The Input Buffer shall be cleared when pon or dcas is TRUE. No device or interface condition is allowed fo keep the
clear opergtion from taking place. Except for the emptying during normal message ptoeessing and the actjons of pon
and dcas, rjo other interface or device condition shall be allowed to clear the InputBuffer. The Input Buffey is cleared
to ensure that the device will be ready to receive and execute new <PROGRAM MESSAGE> elementy following
dcas.

6.1.5.2 Input Buffer Messages

6.1.5.2.1 lnput Buffer Empty Message (ib-empty)
The Input Buffer Empty message, ib-empty, shall be TRUEWwhen the parser attempts to remove an item frofn the Input
Buffer and| the Input Buffer is empty. The ib-empty message shall be set FALSE when I/O Control Blogk places a
DAB, ENID, or GET message into the Input Buffer.

6.1.5.2.2 Input Buffer Full Message (ib-full)

The Input Buffer Full message, ib-full;"shall be TRUE when the Input Buffer is full. The ib-full message shall be
FALSE at §ll other times.

6.1.6 Parser

The Parser| shown in Figi6:2, is the logical portion of a device that takes DABs, END messages, and GET messages
from the Input Buffer-aiid analyzes them by separating out the various IEEE 488.2 syntactic elements. It repprts invalid
syntax or Headers to.the Status Reporting block as Command Errors. The Parser converts syntactic elemgnts into an
internal reqresentation which is sent to the Execution Control. The Parser also generates the eom and query messages

when it redognizes these syntactic elements.

A <PROGRAM MESSAGE> or <PROGRAM MESSAGE UNIT> is considered “parsed” when it has been analyzed
by the Parser and the Parser is ready to continue analyzing other <PROGRAM MESSAGE UNIT> elements.

6.1.6.1 Parser Rules
6.1.6.1.1 Parser Errors

The Parser shall detect Command Errors and report them to the Status Reporting block by setting the Command Error
bit in the Standard Event Status Register, see 11.5.1.1.4.
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The Parser shall report a Command Error if it finds a syntax error in a <PROGRAM MESSAGE>, if it finds an
unrecognized header, if it finds a parameter (<PROGRAM DATA> element) that is of the wrong type for its associated
header, or if it encounters a GET message between the first byte of a <PROGRAM MESSAGE> and the <PROGRAM
MESSAGE TERMINATOR>.

When a Command Error is detected, the device shall determine what will be done with any prior parsable elements of
the same <PROGRAM MESSAGE>. The device is allowed to either discard or attempt to execute any such parsable

elements.

When a Command Error occurs, the Parser shall discard all subsequent DABs and GET messages until either

1) de¢asis TRUE.
2) p¢nis TRUE.
3) eqm is TRUE.
4) brq is TRUE and ib-empty is TRUE.
The devicd designer may also choose to stop discarding DABs and GET messages for othér device-defined| conditions
such as redeipt of a comma, semicolon, or NL. The Parser is reset when any of these conditions is met.
NOTE — The device does not empty the Input Buffer after a Command Error. The Parserdiscards DABs and GET m¢ssages until
if has detected one of the above conditions. The device will then resume nermal parsing and executing of messages.
6.1.6.1.2 Parser Resetting
When the Farser is reset, it shall interpret the next data byte it receiyes as the first byte of a <PROGRAM MESSAGE>.
The Parser| shall be reset when dcas or pon is TRUE. No deyice or interface condition is allowed to kegp the reset
operation from taking place. Other conditions that can resef the Parser are described in 6.1.6.1.1.
6.1.6.2 P3rser Messages
6.1.6.2.1 Parsed Message Element
A Parsed |Message Element represents the device's internal representation of all or part of a <AROGRAM
MESSAGE>.
6.1.6.2.2 End of Message Detected Message (eom)
The Parser|shall set the End of Message Detected message, eom, TRUE when any of the following conditipns occurs:
1)  When itreceives an END message or a sequence of data bytes making up a <PROGRAM MESSAGE
TERMINATOR>, see 7.5, from the Input Buffer
2) After(it parses a GET message, except when the GET occurs between the first byte of a <PROGRAM
MESSAGE>and the RPROGRAM MESSAGE TERMINATORS, see 6.1.0.1-1-

3)  When the Trigger Control block has passed the trigger message to the Device Functions block

The Parser

shall set the eom message FALSE when any of the following conditions occurs:

1)  When it is reset
2)  When it receives any other DAB or GET message from the Input Buffer

When the Parser has received a GET message from the Input Buffer or the Trigger Control block has passed a trigger
message to the Device Functions block, any associated query message shall be set TRUE prior to setting the eom
message TRUE. This ensures a proper sequence of execution of Message Exchange block transitions, see Fig 6-4.
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6.1.6.2.3 Query Detected Message (query)

The Parser

shall set the Query Detected message, query, TRUE when it receives any of the following:

1) A sequence of data bytes making up a valid <QUERY PROGRAM HEADER> that is not a macro label

2) A valid <COMMAND PROGRAM HEADER> or <QUERY PROGRAM HEADER> that is a macro label,
where the macro is defined to include a <QUERY MESSAGE UNIT>

3) A GET message or *TRG command (or, if implemented, the trigger message), where the device implements
the *DDT common command and the device trigger action defined by the *DDT command includes a
<QUERY MESSAGE UNIT>

4)

GE1 message or “ 1 KG command (or, 1T implemented, the trigger message), where the devig

implement the *DDT common command and the device trigger action specified by the device de

ol
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Parser Idle Message (p-idle)

shall set the Parser Idle-message, p-idle, TRUE when the Parser has parsed all prior messages
beessing a valid <COMMAND PROGRAM MESSAGE> or a valid <QUERY PROGRAM M
shall set p-idletFALSE at all other times.

Parser Blocked message (p-blocked)

shall.set the Parser Blocked message, p-blocked, TRUE when the Parser is waiting for the

e does not
signer is to

ent a valid
terminator.

lemonic or

rror will be

shall set query FALSE when it is reset or when it receives any other DAB or GET message from the Input

and is not
ESSAGE>.

Execution

Control to

finish processing the previous. Parsed Message Element. The Parser shall set p-blocked FALSE

at all other

times.

6.1.7 Execution Control

The Execution Control block, shown in Fig 6-2, deals with coupled parameters (see 6.4.5.3), queries that require a
device action before they can generate a <KRESPONSE MESSAGE>, and the device synchronization commands
described in Section 12.. The Execution Control determines when the device has enough information to execute a
command. When the Execution Control has gathered enough information to initiate a device action, it sends an
Executable Message Element to the Device Functions block. The Execution Control may wait for the resulting device
actions to complete .(Sequential Command) or may continue processing commands (Overlapped Command),
depending on the command. See 12.2. A <PROGRAM MESSAGE UNIT> is considered “executed” when it has been
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parsed and all corresponding device operations have been either completed (Sequential Command) or initiated
(Overlapped Command).

6.1.7.1 Execution Control Rules
6.1.7.1.1 Execution Control Errors
The Execution Control shall detect Execution Errors and report them to the Status Reporting block, see 11.5.1.1.5.

6.1.7.1.2 Execution Control Resetting

When the Execution Control is reset, prior history will not affect the execution of new <PROGRAM l\iESSAGE>
elements r¢ceived after dcas or pen. The Execution Control shall be reset when INTERRUPTED, os, when dlcas or pen
is TRUE. No device or interface condition is allowed to keep the reset operation from taking placé..No other interface
or device dondition shall reset the Execution Control.

6.1.7.2 Execution Control Messages
6.1.7.2.1 Executable Message Element

An Executpble Message Element is a directive to the Device Functions block)to perform some device-spedific action.
This may tpke the form of a Valid Query Request or a nonquery Executable Message Element.

A Valid Qyery Request is an Executable Message Element that caiises the Device Functions block to send|data to the
Response Formatter. A nonquery element performs device-spegific action but does not send Response Data to the
Response Formatter. A single <PROGRAM MESSAGE UNIT> may cause more than one Executable Message
Element to be sent.

For examplle, a query that starts a measurement anid-returns the results when the measurement is complete might
require twg Executable Message Elements: a nonquery element to start the measurement and a Valid Query|Request to
send the repults to the Response Formatter.

The Execytion Control also shall maintain the order of creating <RESPONSE MESSAGE UNIT> elements, as
required by 6.4.5.4, by sending the Valid Query Requests that are associated with previous received <QUERY
MESSAGE UNITS> that are already sent to the Device Functions block.

6.1.7.2.2 Execution Control Idle Message (ec-idle)

The Execution Contfol shall set the Execution Control Idle Message, ec-idle, TRUE when the following|conditions
occur:

1)  Alldeferred commands have been executed.

2) Execution Control is remedy to accept a new command or query from the Parser, and
a) Execution Control is reset, or
b) All previous commands have been executed

The Execution Control shall set ec-idle FALSE at all other times.
6.1.7.2.3 Execution Control Blocked Message (ec-blocked)
The Execution Control shall set the Execution Control Blocked message, ec-blocked, TRUE when it is ready to send

a Valid Query Request to the Device Functions block but must wait for the Response Formatter and Device Functions
block to process a prior Valid Query Request. The Execution Control shall set ec-blocked FALSE at all other times.
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6.1.8 Device Functions

The Device Functions block, shown in both Figs 6-1 and 6-2, contains all device-specific features and functions. It
accepts Executable Message Elements from the Execution Control and performs the associated operations.

6.1.8.1 Device Functions Rules

The Device Functions block shall accept Valid Query Requests from the Execution Control and shall send any required

Response Data to the Response Formatter. All implemented IEEE 488.2 common query commands and
specific query commands shall be handled in this manner.

The Devic¢ Functions block shall report device status information to the Status Reporting block, Section™11.

6.1.8.2 De¢vice Functions Messages
6.1.8.2.1 Power-On Message (pon)
The Devicg¢ Functions block shall generate the pon local message as described in [EEE/488.1.

When pon|is set TRUE, the Input Buffer and Output Queue shall be cleared;‘the Parser, Execution C
Response Formatter shall be reset; and the device shall enter the Message Exchange IDLE state. The device]
Operation Complete Command Idle State (OCIS) and Operation Complete€ Query Idle State (OQIS), see 12
message njay also affect device-specific settings, see 5.12. The Deviece' Functions block shall set the pg
FALSE when these actions are completed and the Message Exchange' Control enters the IDLE state, see 6

6.1.8.2.2 Response Data
Response Data is data provided by the device in respeiise to <QUERY MESSAGE UNIT> elements that

parsed and|sent to the device in the form of Executable Message Elements (Valid Query Requests). Respo
unformatted and may only be tokens representing,the actual data to be formatted.

6.1.9 Response Formatter

The Respopnse Formatter, shown in Fig 6-2, builds a <RESPONSE MESSAGE> out of Response Messag|
from Valid|Query Requests and-response data. The <RESPONSE MESSAGE> is placed into the Output
Response Formatter's primary responsibility is to convert the internal representation of data elements into
of data bytps according to the Syntax rules in Section 8.

6.1.9.1 R¢sponse/Formatter Rules

The Respdnse, Formatter shall delimit all but the last <RESPONSE MESSAGE UNIT> in the <R

all device-

—_—

bntrol, and
also enters
5. The pon
n message
3.1.1.

have been
nse Data is

e Elements
Dueue. The
a sequence

ESPONSE
ESPONSE

MESSAGE>\with a <RESPONSE MESSAGE UNIT SEPARATOR> (“;”, see 8.4.1), and the last <R

MESSAGE UNIT> in the <RESPONSE MESSAGE> with the <KRESPONSE MESSAGE TERMINATOR

>,

The Response Formatter shall be reset when dcas or pon is TRUE. No device or interface condition is allowed to keep
the reset operation from taking place. The Response Formatter is reset so that any new <RESPONSE MESSAGE>

elements will not be affected by conditions that existed before dcas or pon.
6.1.9.2 Response Formatter Messages

6.1.9.2.1 Response Message Element

A Response Message Element represents a device's internal representation of all or part of a <RESPONSE

MESSAGE>.
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6.1.9.2.2 Response Formatter Blocked Message (rf-blocked)

The Response Formatter shall set the Response Formatter Blocked message, rf-blocked, TRUE when it has a
<RESPONSE MESSAGE UNIT> to be placed in the Output Queue and the Output Queue Full message, oq-full, is
TRUE. The Response Formatter shall set rf-blocked FALSE at all other times.

6.1.10 Output Queue
The Output Queue, shown in Fig 6-2, stores device-to-controller messages until the controller reads them. The

Response Formatter places DAB and END messages into the Output Queue in response to query commands. These
bytes are rfmoved from the Output Queue as they are read by the controller.

The Output Queue shown in Fig 6-2 is a logical model. The Output Queue in a real device may store thg individual
bytes of the <KRESPONSE MESSAGE> or tokens that represent <KRESPONSE MESSAGE> elements. The device
designer mpay also use other means of determining the response to be generated.

The devicp designer should provide an Output Queue large enough to handle réasonably long <RESPONSE
MESSAGE> elements. The actual length chosen will depend on the characteristics of the device. To avoid dverflowing
a physical puffer, the device designer may defer the formatting of lengthy <RESPONSE MESSAGE> elements until
the controller requests output. The device designer should ensure that the size and operation of the Outpuf Queue are
adequate t¢ make a deadlock unlikely, see 6.5.7.4.

NOTE — Certain integrated circuits contain a one byte buffer, which operates‘as part of the Output Queue when MAV |is generated
(pee 6.1.10.2) and “Clear the Output Queue” is executed. A device designer cannot disregard this buffer. Se 6.3.2.1(2),
4.3.2.2(2), and 6.3.2.3(2).

6.1.10.1 Qutput Queue Rules

The Output Queue shall be cleared when pon or dcas s, TRUE. Note that this is not a Query Error. A Query|Error shall
be reported if the contents of the Output Queue are-discarded for any other reason, see 6.3.1.7, 6.3.2.2, andl 6.3.2.3.

6.1.10.2 Qutput Queue Messages
6.1.10.2.1 Message Available Message (MAV)
The Outpuf Queue shall send the MAV message to the Status Reporting block. As long as the Output Queyie contains

one or moie bytes, MAV shall be TRUE. MAV shall be FALSE when the Output Queue is empty, except gs indicated
below. See|11.2.1.2.

When the ¢levice defers generation of Response Data until brq is TRUE, the MAV message shall be set TRUE when
the device [is redady to generate the Response Data. See 6.4.5.4.

6.1.10.2.

The Output Queue Full message, oq-full, shall be TRUE when the Output Queue is full. The oq-full message shall be
FALSE at all other times.

6.1.10.2.3 Output Queue Empty Message (og-empty)

The Output Queue Empty message, oq-empty, shall be TRUE when the Output Queue is empty. The oq-empty
message shall be FALSE at all other times.
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6.1.11 Trigger Control

The Trigger Control block, shown in Fig 6-2, is optional. It allows for high-speed hardware execution of GET

messages without violating the rules of execution order.

The GET message is commonly used to trigger a device-specific action or set of actions within a single addressed
device. It is also used to trigger synchronized actions across multiple addressed devices. In this and other cases in
which it may be necessary to avoid the software/firmware execution time overhead incurred in the Input Buffer, Parser,

and Execution Control blocks, the device designer may choose to implement the Trigger Control block.

If the Trigper 1S 1mplemente messages are not sent directly to
Control. Instead, get is sent to the Trigger Control block, which either sends a trigger message directly,to

The Triggdr Control block shall detect the get message and check ib-empty (from the {nput Buffer), p-idl
Parser), anfl ec-idle (from the Execution Control). If all four of these messages are. TRUE, the Trigger Co
shall send |the trigger message to the Device Functions block. If either ib-empty,-p-idle, or ec-idle is K
Trigger Control block shall place the GET message in the Input Buffer.

NOTE — The implementation of this optional Trigger Control block does not afféct the device's response to GET nor
the requirement of sequential processing of GET messages and DABs. This block only facilitates highspee

6.1.12 Mgssage Exchange Control

The Messdge Exchange Control represents the interconiiection of control messages between the Outj
Response Formatter, Input Buffer, Parser, Execution Control, I/O Control, and Device Functions blocks.

6.2 Protocol Overview

This protogol overview describes the normal operation of the device message exchange protocol. It is no
specificatign of the protocol, nor does.it cover any protocol exceptions. The detailed specification of
message exchange protocol beginstin 6.3.

Fig 6-3 shqws the Message Exchiange states and transitions encountered during normal operation of the dey
not show cgrtain required.states and transitions associated with error recovery. Paragraph 6.13 and Fig 6-4 d
complete Nlessage Exchange State Diagram, with the dashed lines indicating the exception or error cases.

Figs 6-3 anjd 6-4-use a different format from IEEE 488.1 to reinforce that Message Exchange Control is doj
higher thar) IEEE488.1 .

bm the 1/0
the Device

e (from the
ntrol block
'ALSE, the

does it relax
{ operation.

put Queue,

a detailed
the device

ice. It does
escribe the

e at a level

6.2.1 Initialization

After power on or dcas, the Message Exchange Control shall wait in the IDLE state for a <PROGRAM MESSAGE>
or GET message from the controller. The device shall not send a <KRESPONSE MESSAGE> to the controller until it
receives a valid Query Message from the controller. The controller will not normally attempt to read data from the

device until it has sent a Query Message to the device.
6.2.2 Command Processing
When the device receives a <PROGRAM MESSAGE> from the controller while in the READ state,

1) The I/O Control places the bytes of the message into the Input Buffer.
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2) The Parser removes the bytes from the Input Buffer and identifies the syntactic components of the message
according to the syntax rules in Section 7.
3) The Execution Control directs the Device Functions block to perform the actions associated with the

message.

The device may accept the bytes of another <PROGRAM MESSAGE> and place them in the Input Buffer before it has
finished processing prior <PROGRAM MESSAGE> elements.

6.2.3 Query Processing

Query Pro¢essing is handle

contains onle or more queries, the device prepares a

’

<RESPONSE MESSAGE> for the controller and-pla

ESSAGE>
es it in the

Output Qugue. After the controller finishes sending the Query Message to the device, it will address\the device to talk

and start
MESSAG

ading the <RESPONSE MESSAGE>. The controller will not normally send another <PROGRAM
> to the device until it has finished reading the <KRESPONSE MESSAGE>.

dcas TRUE or
pon TRUE
IDLE waiting for message
bav TRUE or 1
get TRUE or eom TRUE
ib-empty FALSE y
READ T/O control receiving; parser and
execution coritrol active
query TRUE
Y
. QUERY I/O:control receiving; parser, execution
control, and response formatter active
brq TRUE and
eom TRUE eom FALSE
and y
bav FALSE SEND VO control sending; parser, execution
and control, and response formatter active
get FALSE eom TRUE and
) and bav FALSE and
ib-empty TRUE get FALSE and
v L4 ib-empty TRUE
RESPONSE /O control sending; response formatter
active
RMT-sent
¥
DONE waiting for next message
bav TRUE or get TRUE

Figure 6-3—Message Exchange Control State Diagram (Simplified)
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6.3 Message Exchange Control Operation

The Message Exchange Control State Diagram, Fig 6-4, precisely defines how messages from the 1/0 Control,
described in 6.1.4, cause the device to either receive or send messages. The interactions between the blocks in the
Message Exchange Control Interface, Fig 6-2, are shown in detail. Fig 6-3 includes only those states and transitions
encountered during “normal” operation of the device. Fig 6-4 includes the additional states and transitions necessary
to detect Message Exchange Protocol errors. (These additional states and transitions are shown with dashed lines.)

6.3.1 Message Exchange Control States

At any tim¢, the device is in one of the Message Exchange states. Depending on the state, various function
from Fig 612 are active or inactive. Transitions are caused by the logical combination of messages fromnthe
elements.
dcas TRUE or
pon TRUE
INITIALIZE
IDLE waiting for message :_ ___________________ |
e v T | brq TRUE and :
i 1
' bav TRUE or | | bra TRUE and : ! bav FALSE and K
; get TRUE or | | bavFALSEand ~ UNTERMINATED,,(edm | slft FALSE and |
- ' TRUE ' ib-empty TRUE |
eom TRUE ! ib-empty FALSE | 1 get FALSE and (Query Exror), i A0 A D )
ey : ! ib-empty TRUE set brq FALSE' ! UNTERMINATED !
) I N 1 {(Query Error) I
brq FALSE | y __ | set brq FALSE |
! READ T/O control receiving; parser - |
I and execution controlactive e« - - - ————— - s \ i
1 1 1
R N i O
1 1
. I/O control receiving; parser . ! " |
' DEADLOCK  and execution control active; : ; o |
' discarding response | | eom TRUE and V! !
e e, W T | 1 (bav TRUE or ': :
A (bav TRUE or get TRUE) and ! get TRUE or X : :
¢ ib-full TRUE and ! ib-empty FALSE) i ;
1 p-blocked TRUE and ' INTERRUPTED , X )
! ec-blocked TRUE and query TRUE| | (Query Error) " '
! rf-blocked TRUE and ! set brq FALSE o !
' og-full TRUE ' p |
' ) bav TRUE or' ! ,
+ DEADLOCKED (Query Error) set brq FALSE y ! j !
! - - get TRUE or: ! .
e QUERY I/O control receiving; parser, execution (eom TRUE or| . '
control, and response formatter active ib-empty FALSE)' ! E
brq TRUE and INTERRUPTED ' | h
eom FALSE (Query Error), , :
v set brq FALSE! | ,
] ]
SEND VO control sending; parser, execution | __________ : ! !
eom TRUE and control, and response formatter active ! !
bav FALSE and X | i
get FALSE and i ' i
+he. t+v TRUE. eom TRUE and e.::‘l’ fﬁ:g_::z X bav TRUE or i E
bav FALSE and get FALSE and ' get TRUE ! '
get FALSE and ib-empty TRUE | INTERRUPTED , !
ib-empty TRUE —_Lempry 1T, (Query Error) ! !
UNTERMINATED | ! !
; . set brq FALSE ! '
Query Error) | ! :
L setbrq FALSE, Lo
RESPONSE /O control sending; response formatter | X
active
RMT sent
y bav TRUE or get TRUE
DONE waiting for next it g set brq FALSE

hl elements
functional

Figure 6-4—Message Exchange control State Diagram (Complete)
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6.3.1.1 IDLE State

In the IDLE state, the device is waiting for a message from the controller. The next data byte received shall be

interpreted

as the beginning of a new <PROGRAM MESSAGE>. The Output Queue is empty.

The Message Exchange Control shall enter the READ state when either

1) The I/O Control sets bav TRUE, indicating that a data byte is available.
2) The I/O Control sets get TRUE.
3) ib-empty is FALSE. This condition can occur when the device has entered the IDLE state from the READ or

DEADILOTK state.

The Mess

1) biqis TRUE.

2) b
3)  gd
4) ib

This occuls when the device has been addressed to talk and has nothing te,*Say. The device shall p

UNTERM

The Messa
perform th

6.3.1.2 Rl
In the REA
them in thg

empty.

The Messal
the INITIA

The Messal

1) b

2) bay is FALSE;and

3) g
4) ib

e Exchange Control shall stay in the IDLE state when

v is FALSE.

t is FALSE.

-empty is TRUE.

NATED action described in 6.3.2.2.

se Exchange Control shall stay in the IDLE state when githet the dcas or pon is TRUE. The d
p INITTALIZE action described in 6.3.2.1.

EAD State
D state, the I/O Control shall read data bytesyGET, and END messages from the IEEE 488.1 bul
Input Buffer as described in 6.1.4. The Parser and Execution Control are active, and the Outpy
be Exchange Control shall enter the IDLE state when either dcas or pon is TRUE. The device sh
[LIZE action described in 6.8.2.1.

e Exchange Control-shall enter the IDLE state when each of the following conditions occur:

'q is TRUE.

t is FALSE)
-empty:i$ TRUE.

erform the

evice shall

s and place

it Queue is

all perform

The devicé

shall perform the UNTERMINATED action described in 6.3.2.2.

NOTE — Entering the IDLE state without terminating the <RESPONSE MESSAGE> could result in a controller time-out when
the expected data is not sent. When this happens, an *ESR? (Standard Event Status Register Query, see 10.12) can be
used to determine that no data was sent because a Query Error had occurred.

The Messa

ge Exchange Control shall enter the IDLE state when the Parser sets eom TRUE.

The Message Exchange Control shall enter the QUERY state when the Parser sets query TRUE. See 6.1.6.2.3.
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6.3.1.3 QUERY State

In the QUERY state the Parser has recognized a valid query within a <PROGRAM MESSAGE>. The I/O Control shall
continue to read data bytes from the IEEE 488.1 bus and place them in the Input Buffer as described in 6.1.4.2.4. The
Parser and Execution Control are active. The device may format its <RESPONSE MESSAGE> at this time, or it may
wait until the Message Exchange Control is in the SEND or RESPONSE states, see 6.4.5.4.

The Message Exchange Control shall enter the SEND state when brq is TRUE and an eom has not been parsed. This
transition indicates that the controller has started to read the response.

is FALSE,

and is wai

The Messa
H T
2) ib
3 p
4) e(
5) rf

6) oq-full is TRUE.

This transi

Queue, and reset the Response Formatter.
The Message Exchange Control shall enter the READ statewhen the following conditions Occur:
1) egm is TRUE, and either
2) bavis TRUE, or
3) g¢tis TRUE, or
4) ib-empty is FALSE.
The devicd shall perform the INTERRUPTED action described in 6.3.2.3.

The Messal
the INITIA

6.3.1.4 SEND State

In the SEND_state, the controller has started to read the <RESPONSE MESSAGE> from the device.

‘ALSE, get

nd ib-empty is TRUE. This transition indicates that the device has finished processing the Query Message

ng for the controller to read the response.
oe Exchange Control shall enter the DEADLOCK state when all of the followingr©¢cur:

he I/0O Control sets bav or get TRUE, indicating that the controller is waitirig\to send data to th|
-full is TRUE.
blocked is TRUE.
-blocked is TRUE.
-blocked is TRUE.

ion shall cause the device to set the Query Error bit inthe Standard Event Status Register, clear

be Exchange Controlshall enter the IDLE state when either dcas or pon is TRUE. The device sh|
ILIZE action described in 6.3.2.1.

E device.

the Output

all perform

'he device

continues o ‘parse and execute the Query Message stored in the Input Buffer. The Response Formatter p

repares the

<RESPONSE MESSAGE> and places it in the Output Queue. The I/O Control shall send data bytes from the Output
Queue to the controller as described in 6.1.4.2.3.

The Message Exchange Control shall enter the RESPONSE state when eom is TRUE, bav is FALSE, get is FALSE,
and ib-empty is TRUE.

The Message Exchange Control shall enter the IDLE state when all of the following conditions occur:

1) eom is FALSE.

2) bay is FALSE.

3) getis FALSE.

4) ib-empty is TRUE.
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The device shall perform the UNTERMINATED action described in 6.3.2.2.

The Message Exchange Control shall enter the READ state when any of the following conditions occur:
1) bavis TRUE.
2) getis TRUE.
3) The Parser sets eom TRUE and ib-empty is FALSE.

This condition indicates that the controller started sending a new message before reading all of the response. The
device shall perform the INTERRUPTED action described in 6.3.2.3.

The devicdg shall enter the IDLE state when either dcas or pon is TRUE. The device shall perform the INITIALIZE
action desdribed in 6.3.2.1.

6.3.1.5 REESPONSE State

In the RE$JPONSE state, the Parser has received a <PROGRAM MESSAGE TERMINATOR> and th¢ device is
sending the complete <RESPONSE MESSAGE> to the controller. The Response Formatter f¢rmats the
<RESPONSE MESSAGE> and the I/O Control sends data bytes from the Output'Queue to the controller as described
in6.1.4.2.3.

The Messajge Exchange Control shall enter the DONE state when the complete <RESPONSE MESSAGEZ, including
the <RESHONSE MESSAGE TERMINATOR>, has been sent.

The Message Exchange Control shall enter the READ state when either of the following conditions occur

1) bavis TRUE.
2) getis TRUE.

This transjtion indicates that the controller attempted to send a new message before reading thg complete
<RESPONSE MESSAGE>. The device Shall perform the INTERRUPTED action described in 6.3.2.3.

The Message Exchange Control shall efiter'the IDLE state when either dcas or pon is TRUE. The device shpll perform
the INITIALIZE action, see 6.3.2.1.

A device npay have nothing te-say while the Message Exchange Control is in the RESPONSE state if all ofjthe queries
in the Query Message failed to generate any <RESPONSE DATA> because of syntax (Command), semantic
(Execution)), or devicezspecific errors. The device shall not send a <RESPONSE MESSAGE TERMINATPR> to the
controller]The Message Exchange Control shall remain in the RESPONSE state until it either receives a data byte or
GET messjyge from-the controller or the pon or dcas message becomes TRUE.

6.3.1.6 DONE State

In the DONE state, the device has finished sending a <KRESPONSE MESSAGE> to the controller and is waiting for
anew <PROGRAM MESSAGE> or GET from the controller The Parser, Execution Control, and Response Formatter
are inactive and the Input Buffer and Output Queue are empty.

The Message Exchange Control shall enter the READ state and set brq FALSE when either

1) bavis TRUE, indicating that a new <PROGRAM MESSAGE> has been started, or
2) getis TRUE.

The Message Exchange Control shall enter the IDLE state when either deas or pon is TRUE. The device shall perform
the INITIALIZE action described in 6.3.2.1.
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6.3.1.7 DEADLOCK State

In the DEADLOCK state, the device has been asked to buffer more data than it has room to store. The Output Queue
is full, blocking the Response Formatter, Execution Control, and Parser. The Input Buffer is full, and the controller is
waiting to send more data bytes. to the device.

The Message Exchange Control breaks the deadlock by clearing the Output Queue and resetting the Response
Formatter as it enters the DEADLOCK state (transition from QUERY to DEADLOCK, see 6.3.1.3). The Message
Exchange Control also sets the Query Error bit in the Standard Event Status Register. While in the DEADLOCK state,
the Message Exchange Control shall continue to parse and execute <PROGRAM MESSAGE UNIT> elements as
usual, excdpt That it shall discard query responses rather than place them into the Output Jueue.

The Messajge Exchange Control shall enter the IDLE state and set brq FALSE when either of the following|conditions
occur:

1)  The Parser sets eom TRUE. When the controller attempts to read the <RESPONSEMESSAGE>{ the device
sHall not send any data bytes. Note that not sending any data bytes may cause 'the controller tp time out.
When this happens, an *ESR? (Standard Event Status Register Query, see.10-13.6) can be used tq determine
thiat no data was sent because a Query Error had occurred.
2)  Ejther dcas or pon is TRUE. The device shall perform the INITIALIZEdction described in 6.3.2{1.

—

6.3.2 Megsage Exchange Control Transition Actions

Certain trapnsitions among the states are important enough to betnamed. The actions caused by the tragsitions are
essential fqr reliable error detection, reporting, and recovery.

6.3.2.1 INJTIALIZE Action
The INITIALIZE action is executed when the IEEE488.2 communication channel is to be cleared.
The devicd shall perform each of the following actions:
1) Clear the Input Buffer.
2) CJear the Output Queue.
3) Rgpset the Parser.
4) Rpset the ExecutionControl.
R|

5) pset the Response Formatter.

No error c¢ndition shall*be reported.

6.3.2.2 UIFTERMINATED Action

The UNTERMINATED action is executed when the controller attempts to read a <RESPONSE MESSAGE> from
the device without first having sent a complete Query Message, including the <PROGRAM MESSAGE
TERMINATOR>, to the device.

The device shall perform each of the following actions:

1)  Set the Query Error bit in the Standard Event Status Register.

2) clear the Output Queue.

3) Optionally execute any <PROGRAM MESSAGE UNIT> elements from the incomplete message. If it
executes any of the <PROGRAM MESSAGE UNIT> elements, it shall also execute all previous
<PROGRAM MESSAGE UNIT> elements from the same message.
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4) Discard any partially parsed <PROGRAM MESSAGE UNIT> so that the Parser will be ready to parse a new
<PROGRAM MESSAGE UNIT>.
5) Set brq FALSE.

6.3.2.3 INTERRUPTED Action

The INTERRUPTED action is executed when the device is interrupted by a new <PROGRAM MESSAGE> before it
finishes sending a <RESPONSE MESSAGE>.

The device shall perform each of the following actions:

H S
2) C
3) R

M
4) S

et the Query Error bit in the Standard Event Status Register.

ear the Output Queue.

eset the Execution Control and Response Formatter so that, when the device receiyes”a new
ESSAGE UNIT>, the correct <KRESPONSE MESSAGE> will be sent.

t brq FALSE.

6.4 Protocol Rules

6.4.1 Pro

The devicg
Sections 7

The devicg
device, D(
DCL, SD(
without af]
sending a ¢
of the mes
due to the
addressed

gram Message Transfer

shall exchange messages with the controller in accordance ‘'with IEEE 488.1 and the synt|
and 8..

shall not treat IFC or any ATN-true IEEE 488.1 .command or address (except for SDC addre
L or GET) as a message terminator. The controller may freely intersperse ATN-true commat
, and GET) and messages addressed to other\devices among the bytes of messages to or from
ecting the contents or interpretation of @’message. Such commands may cause the device

evice-te-controller message; but, when the device reenters TACS, the device shall resume send
bage. The device shall also be undistirbed in processing a controller-to-device message that is

o listen and ATN is set FALSE:

6.4.2 Megsage Source Independence

The device

Devices (f
such a rec

shall interpret received messages without reference to the source of the message.

r examples-busrepeaters or diagnostic instruments) may record talker and listener addresses and

such information.

<QUERY

hx rules of

ssed to the
ids (except
the device
to suspend
Ing the rest
suspended

conditions mentioned. The devieeshall resume accepting the rest of a message when the device is again

may return

rd in respense to a query, but they shall not ignore messages or interpret them differently on the basis of

6.4.3 MessageExchange-Sequence

The controller and device exchange complete <PROGRAM MESSAGE> and <RESPONSE MESSAGE> elements
except as described under “Protocol Exceptions,” see 6.5.

Message exchanges are initiated by the controller. The device shall not generate a <RESPONSE MESSAGE> until it
receives one of the following Query Messages:

1) A sequence of data bytes making up a valid <QUERY PROGRAM HEADER> that is not a macro label
2) A valid <COMMAND PROGRAM HEADER> or <QUERY PROGRAM HEADER> that is a macro label,
where the macro is defined to include a <QUERY MESSAGE UNIT>
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3) A GET message or *TRG command, where the device implements the *DDT common command and the
device trigger action defined by the *DDT command includes a <QUERY MESSAGE UNIT>
4) A GET message or *TRG command, where the device does not implement the *DDT common command and
the device trigger action specified by the device designer is to generate a response message
See 6.1.6.2.3.

The device shall generate exactly one <RESPONSE MESSAGE> for each Query Message it receives. A <QUERY
MESSAGE UNIT> may return one or more <RESPONSE MESSAGE UNIT> elements.

For examp]e:

A DVM is|asked to take five separate readings and return them in a single <KRESPONSE MESSAGE>.
Command] MEAS FIVE? <PMT>

Response: 0; 2; 9; 2; 4 <RMT>

A DVM is|asked to return all its setting information about its OHMS function.

Command] OHMS SET? <PMT>

Response: RANGE 100; AVGS 10;... ;AUTOZERO 1 <RMT>

Device dgcumentation shall clearly indicate any <QUERYNMESSAGE UNIT> that returns more
<RESPONSE MESSAGE UNIT>.

The devicq shall interpret a GET message in the same way as a <PROGRAM MESSAGE> element. The d
report a Cdmmand Error if it encounters a GET message between the first byte of a <PROGRAM MESSAG
<PROGRAM MESSAGE TERMINATOR>.

The contrg
entire Quefy Message to the device. The controller should not send any part of another <PROGRAM MESH
the device} until it has read the entire <RESPONSE MESSAGE> from the device. The device shall
controller'd failure to follow this-ptotocol and shall act as described under “Protocol Exceptions,” see 6.5.

After pon ¢r after receiving dcas, the device shall wait for a <PROGRAM MESSAGE> from the control
this time, it may assert’the TEEE 488.1 SRQ (service request) signal and shall interpret and respond to IEEE 488.1
interface njessages_(for example, Serial Poll); but it shall not automatically generate any <RESPONSE M

elements.

At any givgn'time, the device is doing one of the following things:

)

2)

3)

than one

evice shall
E> and the

ller should not attempt to read:ahy part of a <RESPONSE MESSAGE> from the device until it has sent the

SAGE> to
detect the

er. During

ESSAGE>

The device is idle, waiting for a message from the controller. The controller may be idle or may be

communicating with some other device(s) on the system bus. (The Message Exchange Control is in the
IDLE or DONE state.)

The device is receiving a message from the controller. The controller may interrupt the transfer to perform a

serial poll or to communicate with other devices, but should not attempt to read data bytes from

the device

until it has sent a <PROGRAM MESSAGE TERMINATOR>, see 7.5, to the device. (The Message Exchange

Control is in the READ, QUERY, or DEADLOCK state.)

The device is sending a <RESPONSE MESSAGE> to the controller. The controller may interrupt the
transfer to perform a serial poll or to communicate with other devices, but should not attempt to send data

device. (The Message Exchange Control is in the, SEND or RESPONSE state.)
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6.4.4 Compound Queries

One or more <QUERY MESSAGE UNIT> elements can be placed in a single <PROGRAM MESSAGE>, see
Section 7. Also, the device is allowed to generate one or more <RESPONSE MESSAGE UNIT> elements for each
<QUERY MESSAGE UNIT> received. The <RESPONSE MESSAGE UNIT SEPARATOR> [semicolon (;), see
8.4.1] shall be used to separate <RESPONSE MESSAGE UNIT> elements within the complete compound
<RESPONSE MESSAGE>. The <RESPONSE MESSAGE TERMINATOR>, defined in 8.5 as NLAEND, shall
terminate the last <RESPONSE MESSAGE UNIT>. Since the required terminator for a <RESPONSE MESSAGE
UNIT> is dependent upon whether a subsequent <KRESPONSE MESSAGE UNIT> will be in the same <RESPONSE
MESSAGE>, the device is not able to terminate each <RESPONSE MESSAGE UNIT> until the Parser receives either
another <QUERY MESSAGE UNIT> or a <PROGRAM MESSAGE TERMINATOR>.

Compound queries shall not span more than one complete <PROGRAM MESSAGE>. If a compound qugry exceeds
a device's|ability to hold the associated <RESPONSE MESSAGE> in the Output Queue, the device's Response
Formatter, |Execution Control, and Parser may become blocked waiting until room is available” If the Ipput Buffer
becomes fyll while the Parser is suspended, a buffer deadlock will occur, see 6.5.7.4.

NOTE — If any of the <QUERY MESSAGE UNIT> elements of a compound query returns more than one <RESPONSE
MESSAGE UNIT>, an application program cannot use the semicolon (;) delimiter fo distinguish the end of fhe response
tp each <QUERY MESSAGE UNIT>.

6.4.5 Megsage Order Requirements
6.4.5.1 Execution Order of Program Messages

The device shall execute <PROGRAM MESSAGE> elements in the order received. (See 6.1.7 for d¢finition of
execute.) Hxecution of individual parsable elements may be done as they are received. The device may alsp wait until
either a <HROGRAM MESSAGE UNIT SEPARATOR> or a <PROGRAM MESSAGE TERMINATOR} is parsed
before exg¢cuting preceding <PROGRAM MESSAGE UNIT> elements. The device shall not execute any
<PROGRAM MESSAGE UNIT> before executing: all prior <PROGRAM MESSAGE UNIT> elements, except as
described ynder “Device Parameter Couplings®in 6.4.5.3. The device shall execute all the <PROGRAM MESSAGE
UNIT> el¢ments of a given <PROGRAM MESSAGE> before executing any <PROGRAM MESSAGE UNIT>
elements of a successive <PROGRAM MESSAGE>.

6.4.5.2 Execution Order of Intermixed GET Messages and <PROGRAM MESSAGE> Elements
The devic¢ shall execute GED messages in the same order as <PROGRAM MESSAGE> elements. If |the device

receives a GET messageswhile parsing or executing a prior message, execution of the GET message shall |be delayed
until the the prior mes§ages have been executed.

6.4.5.3 Device Parameter Couplings

Coupled parameters-are-dev : otherinadevice=spectficmanner—Problems can arise
because the prior state of the device can affect the device's response to the programming of a coupled parameter.
Ideally, the device shall guarantee that a complete <PROGRAM MESSAGE> containing a set of valid settings for
coupled parameters will be accepted independent of the prior setting of any of the coupled parameters.

For example, a power supply can have its current and voltage set to a wide range of values with the requirement that
the product of the two parameters shall be less than 100 W. Assume the voltage is set to 100 V and the current set to 1
A. The device should allow the application programmer to send the following message and not have an error reported.

CURRENT 100; VOLTAGE 1 NLAEND
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To accomplish sequence independence of coupled parameters, the Execution Control may buffer parsed message units
and defer execution until eom or some device-specific command is received. The device may also use other techniques
to achieve the same goal. The requirement that <PROGRAM MESSAGE UNIT> elements shall be executed in order
of reception is relaxed under these circumstances.

If the coupled parameter <PROGRAM MESSAGE> elements are not contiguous, then the final results are unspecified.
In this case, the device may report an Execution Error if the parameter coupling criterion is violated before the
complete set of coupled parameters has been executed.

Some devices may have parameter couplings that are beyond the scope of the device parameter coupling requirements
of this sectjon.

NOTE — The device designer has the responsibility to ensure that devices incorporate effective checking to-prevent pxecution of
eferred coupled commands after an Execution Error that could result in undesireable conditions. Dofumentation
ould indicate any known conditions that cannot be checked by the device.

6.4.5.4 Ge¢neration of Response Message Data

Device degigners may choose to generate the bytes of a <KRESPONSE MESSAGES at the time the controller reads a
message rather than immediately following the execution of a Query Message. Sending large amounts of regponse data
may requirg this technique. In such cases, the contents of the <KRESPONSE MESSAGE> will represent the|state of the
device at [the time the controller reads the response, rather than at, the time the query was pars¢d. Device
documentation shall indicate the query responses that will be evaluated at'the time data is actually read.

When the device designer chooses to defer the generation of respense data until brq is TRUE, the device ghall set the
MAYV mesdage TRUE at the point when the device is ready to tespond to the controller's request for datp. Thus, an
applicatior] program can always rely on receiving the MAV(miessage, via the status reporting capability, ag a signal to
begin a deyice-to-controller transfer, see 11.5.2.1.

<RESPONSE MESSAGE> elements shall be sentto the controller in the same order that their associated <QUERY
MESSAGH UNIT> elements were sent to thé«device. Under no condition shall the device send the reqponse to a

<QUERY MESSAGE UNIT> before responding to a prior <QUERY MESSAGE UNIT>, except wheh the prior
response was aborted due to one of the pretocol exceptions described in 6.5.

6.5 Protocol Exceptions
6.5.1 Abgrted Messages

<PROGRAM MESSAGE> and <RESPONSE MESSAGE> elements shall be aborted by dcas or pon.

6.5.2 Ad<1ressed to Talk With Nothing to Say

If the I/0 Control sets brq TRUE while the Message Exchange Control is in the READ or IDLE state, the device has
been addressed to talk with nothing to say. The device shall perform as indicated in 6.3.2.2.

If the I/O Control sets brq TRUE while the Message Exchange Control is in the RESPONSE state, but all of the
queries in the Query Message failed to generate any <KRESPONSE DATA> because of syntax (Command), semantic
(Execution), or device-specific errors, the device has been addressed to talk with nothing to say. The device shall
perform as indicated in 6.3.1.5.

NOTE — The device may be unable to send data when it is addressed to talk even if no error condition exists. This can occur
because the device has deferred the preparation of the response data until an internal operation is complete or an
“External Control Signal” is received. This is not an error condition and a Query Error shall not be reported. If the
controller continues to wait for the data, the device will send it when it is available.
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6.5.3 No Listener on Bus

If the device's IEEE 488.1 Source Handshake function is in the Source Delay State (SDYS) and the Not Data Accepted
(NDAC) and Not Ready For Data (NRFD) signals are beth passive false, the device shall not send any data bytes or
take any action that would affect subsequent activity on the IEEE 488.1 bus. The device shall wait for a listener to
assert NDAC TRUE or for the controller to take control. The device designer may report this condition to the user by
means other than the system interface.

NOTE — This rule applies only to devices that are not the controller-in-charge. Controllers are required to report this condition
to the application, see 15.3.3.

6.5.4 Cor“:mand Error

A Commaind Error is generated under the conditions defined in 6.1.6.1.1. When the Status ReportingzContfol receives
a Command Error, it shall set the Command Error bit in the Standard Event Status Register, see 11.5.1.1.4

6.5.5 Exepution Error

An Execufion Error occurs under the conditions defined in 11.5.1.1.5. When (the Execution Control [detects an
Execution Error, the Status Reporting Control shall set the Execution Error bitun the Standard Event Statys Register.
The devic¢ shall continue parsing the input stream. The device may contitue executing parsed commgnds or the
device ma} discard parsed commands. Devices shall resume execution of parsed commands after a <AROGRAM
MESSAGE TERMINATOR>.

6.5.6 Devjce-Specific Error

Device-spgcific errors are defined in 11.5.1.1.6. These ertors shall have no effect on the message exchange protocol
defined in this section.

6.5.7 Query Error
Query errops are reported by setting the Query Error bit in the Standard Event Status Register as defined in[11.5.1.1.7.
The devicg shall report a Query Errorgwhen the controller fails to follow the Message Exchange Contrpl Protocol
under any ¢f the conditions defined in 6.3.1.7, 6.3.2.2, and 6.3.2.3.
6.5.7.1 Incomplete Command or Query Received

The devicefshall detect afiincomplete command or query when the I/O Control sets brq TRUE; the Parser has received
at least ond byte of a <PROGRAM MESSAGE>, but not eom; and the Input Buffer is empty. The device shall respond

as indicatefl in 6.3.2.2:

6.5.7.2 Interrupted Response

If the device receives a data byte or a GET message following a Query Message before the device has sent the
<RESPONSE MESSAGE TERMINATOR>, the INTERRUPTED action shall be performed. When this happens, the
device shall abort the rest of the response and respond as indicated in 6.3.2.3.

6.5.7.3 Query Message Units Separated by the Program Message Terminator
When an application program sends a device a Query Message, properly terminated with a <PROGRAM MESSAGE

TERMINATOR>, and sends another <PROGRAM MESSAGE> without first reading the entire <RESPONSE
MESSAGE>, the device shall respond as indicated in 6.3.2.3.
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NOTE — If the application program sends two Query Messages without reading the response from the first, and then attempts to

read the response to the second, it may receive seine data bytes from the first response followed by the complete second
response. The result may or may not be a syntactically correct <RESPONSE MESSAGE>. This happens when the
system timing allows the controller to send the second Query Message and begin its read operation before the Parser
detects the end of the first Query Message. In this case, the Message Exchange Control enters the SEND state and starts
to send the first response to the controller. When the Parser reaches the end of the first Query Message, the device is
INTERRUPTED and starts to process the second query.

To avoid the above condition, application programs should not send Query Messages to a device without reading the
associated <KRESPONSE MESSAGE>. When this cannot be avoided, as in exception handling, a device clear should be
used before a new Query Message is sent. This will assure that any fragmentary response from a prior <KRESPONSE

MESSAGE> will not be sent by the device.

6.5.7.4 B|||ffer Deadlock

Under some circumstances, a device may be unable to completely generate a <KRESPONSE MESSAGE>. [The device
is deadlocled when it cannot accept another data byte of a <PROGRAM MESSAGE> from the/controller |because its

Input Buff¢r and Output Queue are both full, and the controller cannot read the device's,<RESPONSE M
until it has|completed sending its Query Message.

The devicd shall respond to a Buffer Deadlock as indicated in 6.3.1.7.

6.5.7.5 Query After Indefinite Response

ESSAGE>

Certain compound queries may attempt to generate an illegal <KRESPONSE MESSAGE>. If a <QUERY MESSAGE
UNIT> thqt generates an indefinite response (either an INDEFINITE'LENGTH ARBITRARY BLOCK RESPONSE
DATA or ARBITRARY ASCII RESPONSE DATA) is not the‘last <QUERY MESSAGE UNIT> in a <AROGRAM

MESSAGE>, the device shall report a Query Error and Giot send the response from the following
MESSAGE UNIT> elements. The device may optionally either format or not format the response d

<QUERY
ata that is

discarded. |Once the device recognizes the eom andisends the <RESPONSE MESSAGE TERMINAI'OR>, the

message exchange protocol is reestablished, see 6.3,

7. Devige Listening Formats

7.1 Overview

This section discusses the formatting of programming messages received by a device from its system inte
formatting|occurs on two:lévels. The higher level is the “functional” level at which each element has
importancg. This fupctional level is required for designers of the device command set. The lower level
represents the actuakbus “encoding” required to transmit a functional element. This latter information is ne
designers gf device parsers.

rface. This
functional
formatting
cessary for

7.1.1 Device Command Set Generation

Allowable IEEE 488.2 program messages are composed of sequences of program message units,

each unit

representing a program command or query. Each program command or query is composed of a sequence of functional
syntactic elements. Legal IEEE 488.2 program commands and queries are created from functional element sequences

generated by traversing the functional syntax diagram illustrated in Figs 7-1 through 7-6.

Some commands and queries of universal instrument system application have been defined by this standard. They are
the common commands described in Section 10.. These common commands and queries are specific path selections

through the functional syntax diagram. The remaining commands are device-specific and are generated by
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designer using the functional syntax diagram and the needs of the device. The functional elements include
terminators, headers, and data types. Each element type is discussed in detail in 7.4 through 7.7.

Legal IEEE 488.2 program command structures at the functional level shall only be generated by tra
functional syntax diagram.

7.1.2 Encoding Syntax

7.1.2.1 Allowable Syntax

A device-dfTined or common program command Or query 1s sent to the device over
of data bytes. The allowable byte sequences for each functional element are defined in the encoding(synt
accompanying each element. Alternate, but semantically equivalent, paths are shown in each of these.enco
diagrams.
functional plement are generated by traversing the respective encoding syntax diagram.

separators,

versing the

a sequence
hx diagram
ling syntax

“Data Fields” are device-definable within specified encoding limits. Allowable~Sequencep for each

For allowable functional element sequences, a device shall accept and correctly intetrpret functional elgments that

follow the encoding sequence. All equivalent paths, as defined for each functional.elerent, shall be acce
device's pqrser.

7.1.2.2 lliegal Syntax — Command Error

bted by the

A byte sequence that does not follow encoding syntax rules, as defined in 7.1.2.1, shall not be interpreted as a

functional plement, but shall generate a Command Error.

A functionpl element sequence that is not an allowable IEEE@88.2 program message, as defined in 7.1.1,
interpreted|as a program command or query, but shall restltsin the generation of a Command Error.

How Commnand Errors are reported is described in\Section 11. Parser interaction with and recovery from|
Errors are glescribed in Section 6.

7.1.2.3 Rationale for Encoding Syntax Flexibility

hall not be

Command

For program data, the encoding syntax.diagrams are designed to allow a variety of semantically equivalen{ encodings

of a functignal element.

This flexibjlity is includedfor

1)  Human-readability. Program commands typically appear in program code and thus need a reason
of readability.
2) man-generation. Program commands are typically generated by the programmer and not the

Thus,'a degree of formatting flexibility is desirable to allow commonly used formatting variations.

hble degree

icontroller.

7.2 Notation
7.2.1 Diagraming Syntactic Flow

Syntactic elements are connected by lines with directional symbols to indicate the flow. Flow through
diagrams generally proceeds from left-to-right.

the syntax

When an element(s) is repeatable, a reverse, right-to-left path will be shown around and above the element(s).

When an element(s) can be bypassed, a left-to-right path will be shown around and below the element(s).
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The path branches when there is a choice of elements.

For example,

allows the following combinations of elements A, B, and C:

AC
C

BCCCCC
ccc

NOTE — The element C may be repeated indefinitely.
7.2.2 Syniactic Elements
7.2.2.1 Tgrminal Syntactic Elements

Terminal glements are the basic, indivisible syntactic‘constructs. They represent either a basic funcfion in the
functional pyntax diagrams or a particular byte-encoding in the encoding syntax diagrams.

All elementts in the functional syntax diagrams are represented by an all-uppercase description between bragkets inside
an oval.

For example,

<PROGRAM
HEADER
SEPARATOR>

In the encoding syntax diagrams, terminal elements are directly defined as 8 bit data bytes or by reference to the 7 bit
ASCII Code Chart shown in Table 9-2. When a device receives 7 bit ASCII characters, the sense of the eighth bit
(DI08) shall be ignored.

For example, a space is represented by the following:
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7.2.2.2 Nonterminal Syntactic Elements

Nonterminal elements are intermediate syntactic constructs presented for clarity or emphasis. Nonterminals are
presented in boxes to distinguish them from terminals. A nonterminal is always expandable to a diagram of terminal
elements or (for encoding syntax) is explainable in a statement relating the element to a particular code set. Below the
element name is a section reference to the expansion diagram's location.

For examp

or

In the nota
brackets, Ul

le,
<NONTERMINAL
—> SYNTACTIC ELEMENT> —»
Fig 7-0
<nonterminal encoding
—> syntactic mnemonic> e
ion, functional elements are written in uppercase and encoding elements are written in lowercake between

hless a particular ASCII code is indicated.

7.2.2.3 Rules

Several eng
restrictions

are included in a “Rules” section immediately following the diagram.

7.2.3 Spegcial Symbols

7.2.3.1 Upper/Lowercase Equivalence

To improvg
This repres
ASCII alp}

For examp

entation is indidated by enclosing, in a circle, the uppercase ASCII alpha symbol, a slash, and thq
a symbol.

e,

oding syntax diagrams require additional t€xt to explain restrictions not easily shown in the diagram. These

presentation, a special notation is used to indicate either uppercase or lowercase alternative repiesentation.

lowercase

@

is equivalent to
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7.2.3.2 END Message

An oval containing “AEND” indicates concurrent transmission of the END message with the preceding data byte. This
symbol has no exit path as it always represents the end of a message.

For example,

NL AEND

represents

N—"”

sending NL (newline) with EOI set TRUE and ATN FALSE. In text, this is shown as NEAEND.|

7.2.3.3 Beginning of Message

The begin

ling of a message is indicated by a circle with no entry from the left.

7.2.3.4 Diagram Expansion

higher levd

7.3 Term

Leading and trailing arrows indicate that the diagram represents an expansion to a detailed view of a p
| diagram.
inated Program Messages — Functional Syntax

7.3.1 Fungtion

Terminateq
<PROGRA
command
transmissi

program messages are complete “controller-to-device” messages. They are sequences of ze
M MESSAGE UNIT> elements. The <PROGRAM MESSAGE UNIT> element represents a pr
or data sent to the device from*the controller. The terminated message represents a
n and, as such, has certain additiogal semantic meanings, see 7.5.

7.3.2 Synfax

The comm|

NOTE —
i

hnd's functional syntax)shall match the following set of six diagrams in Figs 7-1 through 7-6.

[he use of the<indefinite form of the <ARBITRARY BLOCK PROGRAM DATA> element, see 7.7.
mmediate termination of the <PROGRAM MESSAGE>.

ortion of a

fo or more
gramming
‘complete”

h, forces an

<PROGRAM
< > <PROGRAM MESSAGE> | MESSAGE
(Fig 7-2) TERMINATOR>
7.5

Figure 7-1—<TERMINATED PROGRAM MESSAGE> Functional Element Syntax

NOTE — Section 6.4.3 requires the device to interpret a GET message in the same way as a <PROGRAM MESSAGE> element.
The device reports a Command Error if it encounters a GET message between the first byte of a <PROGRAM
MESSAGE> and the <PROGRAM MESSAGE TERMINATOR>. See 6.4.3.
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<PROGRAM
MESSAGE UNIT
SEPARATOR>
74.1

<PROGRAM MESSAGE UNIT>
‘ (Fig 7-3)

\i

>
>

Figure 7-2—<PROGRAM MESSAGE> Functional Element Syntax

<COMMAND MESSAGE UNIT>
(Fig 7-4)

<QUERY MESSAGE UNIT>
(Fig 7-5)

e
-

Figure 7-3—<PROGRAM MESSAGE UNIT> Functional Element Syntax

<PROGRAM
DATA

SEPARATOR>

7.4.2

<COMMAND
PROGRAM

HEADER
HEADER> SEPARATOR>

1.0.1 . x.Jd

<PROGRAM

<PROGRAM DATA> -
(Fig 7-6)

Figure 7-4—<COMMAND MESSAGE UNIT> Functional Element Syntax
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<PROGRAM

DATA
SEPARATOR>
7.4.2

<PROGRAM
HEADER

SEPARATOR>

7.4.3

<PROGRAM DATA>
(Fig 7-6)

<DECIMAL
NUMERIC
PROGRAM DATA>
7.7.2

<NONDECIMAL
NUMERIC

PROGRAM DATA>

7.7.4

<ARBITRARY
BLOCK

PROGRAM DATA>

7.7.6

(SEE NOTE)

W RRIAQOTIOAT
AL IVESROWIUJIN \

PROGRAM
DATA>
7.7.7

<SUFFIX

PROGRAM
DATA>

7.7.3

Figure 7-6—<PROGRAM DATA> Functional Element Syntax
NOTE — <ARBITRARY BLOCK PROGRAM DATA>, using the indefinite format, ends with an implicit message terminator. In

this case the messace terminates with no exit See 77 6
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7.3.3 Functional Element Summary

Element Function
<PROGRAM MESSAGE> Represents a sequence of zero or moro <PROGRAM MESSAGE UNIT> elements
Fig 7-2 separated by <PROGRAM MESSAGE UNIT SEPARATOR> elements.
<PROGRAM MESSAGE . . . .
UNIT> Fig 7-3 Represents a single command, programming data, or query received by the device.
<COMMAND MESSAGE . . . .
UNIT> Fig 7-4 Represents a single command or programming data received by the deviee.
;g[; ZSRY MESSAGE UNIT> Represents a single query sent from the controller to the device:!
<PROGRAM DATA>Fig 7-6  Represents any of the six different program data types.
<PROGRAM MESSAGE Separates the <PROGRAM MESSAGE UNIT> eleméntsfrom one another i a
UNIT SEPARATOR> 7.4.1 <PROGRAM MESSAGE->.
<PROGRAM DATA Separates sequential <PROGRAM DATA> elements that are related to the sgme
SEPARATOR>7.4.2 header.
<PR(OGRAM HEADER ]
SEPARATOR> 7.4.3 Separates the header from any associated <PROGRAM DATA>.
<PR(OGRAM MESSAGE .
TERMINATOR> 7.5 Terminates a <PROGRAM MESSAGE>.
<COMMAND PROGRAM Specifies function or operation. Used with any associated <PROGRAM DATA>
HEADPER>7.6.1 elements(s).
<QUERY PROGRAM Similar to <COMMAND PROGRAM HEADER> except a query indicator ()
HEADER> 7.6.2 shows that a@esponse is expected from the device.
<CHARACTER PROGRAM A data type suitable for sending short mnemonic data, generally where a nunjeric
DATA>7.7.1 data type is not suitable.
<DECIMAL NUMERIC A data type suitable for sending decimal integers or decimal fractions with o1
PROGRAM DATA>7.7.2 without exponents.
<SUKFFIX PROGRAM A data type suitable for sending units and optional multipliers. Also an optiopal
DATA>7.7.3 field following <DECIMAL NUMERIC PROGRAM DATA>.
<NONDECIMAT " NUMERIC é d:;tai tfypedSLtut?l?lct: for sendmg. ;ntf:gfr nurtnfczlrlc lIeprg.senttalltlons in baze. 16, 8,Jor 2.
PROGRAM DATA> 7.7.4 seful for data that is more easily interpreted when directly expressed in a

nondecimal format.

<STRINGPROGRAM A data type suitable for sending 7 bit ASCII character strings where the cont¢nt
DATASTTS nieeds 10 be - midden (by delimiters).
<ARBITRARY BLOCK . . . . .
PROGRAM DATA> 7.7.6 A data type suitable for sending blocks of arbitrary 8 bit information.
<EXPRESSION PROGRAM Data type utilizing neste_d pare_:ntheseslwit'h an open format. Use_ful for struc- _tured
DATA> 7.7.7 data and parameter manipulation applications. Suitable for sending data that is

evaluated as one or more nonexpression data elements before further parsing.

[ Published by IEC under licence from IEEE. © 1992 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=cb13da4dba8dcea41a17ac147844da91

IEC 60488-2:2004(E) - 65—
IEEE 488.2-1992(E)

7.4 Separator Functional Elements

7.4.1 <PROGRAM MESSAGE UNIT SEPARATOR>

7.4.1.1 Function

The <PROGRAM MESSAGE UNIT SEPARATOR> separates sequential <PROGRAM MESSAGE UNIT> elements
from one another within a <PROGRAM MESSAGE>.

7.4.1.2 Encoding Syntax

A <PROG

where

<white spa

where

<white-sp4
This range

RAM MESSAGE UNIT SEPARATOR> is defined as

<white
space> >@
7.4.1.2

\ 4

ce> is defined as

<white space
character>
7.41.2

ce character> is defined:as a single ASCII-encoded byte in the range of 00-09, 0B-20 (0-9, 11-3
includes the ASCH centrol characters and the space but excludes the newline.

7.4.1.3 Semantic Equivalence

A device s

hall process <white space> without semantic interpretation.

A device

hallinterpret the semicolon (;) as the <PROGRAM MESSAGE UNIT SEPARATOR>. No

D decimal).

alternative

encodings are allowed.

7.4.2 <PROGRAM DATA SEPARATOR>

7.4.2.1 Function

The <PROGRAM DATA SEPARATOR> separates sequential <PROGRAM DATA > elements from one another after
a <COMMAND PROGRAM HEADER> or <QUERY PROGRAM HEADER>. It is used when a <COMMAND
PROGRAM HEADER> or <QUERY PROGRAM HEADER> has multiple parameters.
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7.4.2.2 Encoding Syntax

A <PROGRAM DATA SEPARATOR> is defined as

<white
space>
7.4.1.2

<white
space>
7412

IEC 60488-2:2004(E)
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where
<white space> is defined in 7.4.1.2.

7.4.2.3 Semantic Equivalence

A device shall process <white space> without semantic interpretation.

A device ghall interpret the comma (,) as the <PROGRAM DATA SEPARATOR>. No alternative endodings are

allowed.

7.4.3 <PROGRAM HEADER SEPARATOR>

7.4.3.1 Function

The <PRQGRAM HEADER SEPARATOR> separatés* the <COMMAND PROGRAM HEADER> o1 <QUERY

PROGRAM HEADER> from the <PROGRAM DATA> elements.
7.4.3.2 Encoding Syntax

A <PROGRAM HEADER SEPARATQOR:> is defined as

<white

7.4.1.2

where

—*| space> [——*

<white space> is defined in 7.4.1.2.

7.4.3.3 Semantic Equivalence

A device shall interpret the first <white space character> as the <PROGRAM HEADER SEPARATOR>. No

alternative encodings are allowed.

Any additional <white space >shall have no syntactic nor semantic value.
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7.5 <PROGRAM MESSAGE TERMINATOR>
7.5.1 Function

A <PROGRAM MESSAGE TERMINATOR> terminates a sequence of one or more definite length <PROGRAM
MESSAGE UNIT> elements. A <PROGRAM MESSAGE TERMINATOR> is abbreviated in this standard as
<PMT>.

The terminator conveys additional semantic meaning with regard to the execution order of interactive or “coupled”
commands, see 6.4.5.3, to the operation of the Output Queue, see 6.1.10, and to the syntactic use of compound
headers, s 7.6.1.5 and 7.6.2.5.

7.5.2 Encpding Syntax

A <PROGRAM MESSAGE TERMINATOR> is defined as

<white
space> @
741.2

where
<white space> is defined in 7.4.1.2.
NL is defirled as a single ASCII-encodéd byte OA (10 decimal).

NOTE — AnEND message cannotbe-sent without an accompanying data byte. See IEEE Std 488.1-1987 [4]. The AEIND syntactic
dlement implies the IEEE 488.1 END message is sent with the last data byte of the preceding syntactic element.

7.5.3 Semantic Equivalence
A device shall process’<white space> without semantic interpretation.

A device shallinterpret any and all of the three terminators (i.e., END message on last data byte, newline| with END
message, oT Tewline) as senmanticatty equivatent. No attermative encodings are attowed:

7.6 Program Header Functional Elements
7.6.1 <COMMAND PROGPRAM HEADER>

A device shall not implement both <simple command program header> and <compound command program header>
elements.
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7.6.1.1 Function

The <COMMAND PROGRAM HEADER> represents the operation to be performed in a device. This element may
be optionally followed by associated parameters encoded as <PROGRAM DATA>. elements, see 7.7.

Note that a macro label (see *DMC, 10.7) may have the form of a <COMMAND PROGRAM HEADER> but may
label a sequence of <PROGRAM MESSAGE UNIT> elements that contains valid <QUERY PROGRAM HEADER>
elements (see 7.6.2.1), and would thus generate a response when processed. The TRG common command (see 10.37)
may also be specified to generate a response.

A <compo

by more cqmplex devices to limit the number of unique headers and also to logically organize the device.co

<compoun
<compoun
<PROGRA

LM MESSAGE> containing several <PROGRAM MESSAGE UNIT> elements:

7.6.1.2 Encoding Syntax

A <COMN

TAND PROGRAM HEADER> is defined as

<white <simple command
space> < * .program header> [—
74.1.2 7.6.1.2

<compound command
N program header> ——\
7.6.1.2

<common command
“—-=» program header> |———»

ind command program header> allows 1or mternal structure in the header. 1his structure 1s generally used

mmand set.

H command program header> elements are useful for handling hierarchically-related~command| structures.
i command program header> elements can provide shorthand mnemonic notation ‘When usgd within a

7.6.1.2
where
<white space> is defined in 7.4.1.2
<simple cqmimand program header> is defined as
<program
—* mnemonic> [—*
7.6.1.2

<compound command program header> is defined as
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/

<program
mnemonic>
7.6.1.2

<common command program header>is defined as

<program
"®—‘ mnemonic> —’@'——’
7.6.1.2

<program mnemonic> is defined as

<

<upper/lower

case alpha>
7.6.1.2

<upper/lower
— case alpha> >O >
7.6.1.2 —

<digit>
7.6.1.2

Y

where
1) <upper/lowercase-alpha> is defined as a single ASCII-encoded byte in the range of 41-5A, 61-7A [65-90, 97-
122 decimal):
2) <(ligit> is-defined as a single ASCII-encoded byte in the range 30-39 (48-57 decimal).
3) () represents an “underscore,” a single ASCII-encoded byte with the value SF (95 decimal).

7.6.1.3 Semantic Equivalence
A device shall

1) Interpret <upper/lowercase alpha> contained within the <program mnemonic> without attaching semantic
meaning to the case of the alpha characters.

2) Interpret the embedded colon (:) as the <program mnemonic> separator in the <compound command
program header> element. No alternative encodings are allowed. For semantics of leading colon, see 7.6.1.5.

3) Process <white space> contained within a <COMMAND PROGRAM HEADER> without semantic
interpretation.

[ Published by IEC under licence from IEEE. © 1992 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=cb13da4dba8dcea41a17ac147844da91

-70- IEC 60488-2:2004(E)
IEEE 488.2-1992(E)

7.6.1.4 Rules

7.6.1.4.1 Length

The <program mnemonic> shall have a maximum length of 12 characters with a preferred length of four characters.
7.6.1.4.2 <COMMAND PROGRAM HEADER> Naming Guidelines

The relation of a <COMMAND PROGRAM HEADER> mnemonic and its associated function shall be readily

apparent. These mnemonics shall be independent of control location on the front panel but shall relate to front panel
or display flomenclature as appropriate.

7.6.1.4.3 xcommon command program header> Rules

The <comfon command program header> syntax is reserved for use by this standard and)futtre revisions of this
standard. IPefined common commands and queries using this syntax are discussed in Sectiom 10.

Device dedigners shall not use the <common command program header> defined-in‘Section 10. for purposes other
than those defined in Section 10.

7.6.1.5 Header Compounding Rules

That part ¢f a <compound command program header> that excludes ‘the trailing <program mnemonic>|element is
defined as|the “header-path.” A <compound command program<header> shall be interpreted by a devige as if the
header-path in the immediately preceding <compound comniand program header> or <compound quefy program
header> was sent immediately preceding that <compound command program header>. The supplied headef-path shall
include both any header-path explicitly stated in the immediately preceding command and any header-path pupplied to
the immed]ately preceding command by a previous application of the rule.

This rule shall NOT be applied to:

1)  Al<compound command program‘header> that begins a <PROGRAM MESSAGE>
2)  Al<compound command program header> that begins with a colon (:)

NOTE — The effect of not applying:this rule is that the header-path becomes null.

The preserjce of a <commgon eommand program header> or <common query program header> has no effect on the
header-path. See Appendix*A for examples. See 10.7.3 for the macro label expansion rule.

7.6.2 <QUERY PROGRAM HEADER>

A device shall'n6t implement both <simple query program header> and <compound query program header} elements.

7.6.2.1 Function

The <QUERY PROGRAM HEADER> represents the operation to be performed in a device. A <QUERY PROGRAM
HEADER> causes the device to generate a response. This element may be optionally followed by associated
parameters encoded as <PROGRAM DATA> elements, see 7.7.

Note that a macro label (see *DMC, 10.7) may have the form of a <QUERY PROGRAM HEADER>, but may label a
sequence of <PROGRAM MESSAGE UNIT> elements that contains no valid <QUERY PROGRAM HEADER>
elements and, thus, would generate no response when processed.
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The <compound query program header> represents the function to be performed in conjunction with possible
following data elements to form a program command. A <compound query program header> allows for internal
structure in the header.

This structure is generally used by more complex devices to limit the number of unique headers and also to logically
organize the device command set for easier control and more-readable code. <compound query program header>
elements are useful for handling command structures that are hierarchically related. <compound query program
header> elements are capable of providing a shorthand mnemonic notation when used within multimessage-unit
<PROGRAM MESSAGE> elements.

7.6.2.2 EfCoding Syntax

A <QUER) PROGRAM HEADER> is defined as

<white <simple query
space> < program header>\O)F—\
7.41.2 J 7.6.2.2

Y

<compound query
N——= program header> ——
7.6.2.2

<common query
N——» program header> |———»

7.6.2.2

where
<white space> is defined in 7.4.1.2.

<simple qery program header>-isidefined as

<program
———® mnemonic> "®—’
7.6.1.2

<compound query program header> is defined as

<program
mnemonic>
7.61.2
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<common query program header> is defined as

<program
—’@—> mnemonic> A’®—’
7.6.1.2

<program mnemonic> is defined in 7.6.1.2

7.6.2.3 Selmantic Equivalence

Semantic ¢
HEADER>

A device
PROGRA)

7.6.2.4 Rules

General ru
7.6.1.4.

7.6.2.5 Header Compounding Rules

Rules for <
see 7.6.1.5

7.7 <PR(

A <PROG]
program hg

7.7.1 <CH
7.71.1 Fu
The <CHA

mnemonic
inappropri

quivalence rules for <QUERY PROGRAM HEADER> are the same as for <COMMAND H
- see 7.6.1.3.

shall process <white space> contained within a <COMMAND PROGRAM HEADER>or]
1 HEADER> without semantic interpretation.

es for <QUERY PROGRAM HEADER> are the same as forkCOMMAND PROGRAM HEA

compound query program headers> are the sani¢€ as the rules for <compound command progran
See Appendix A for examples.

DGRAM DATA> Functional Elements

RAM DATA> functional elementii$ used to convey a variety of types of parameter information rej
ader.

ARACTER PROGRAM DATA>
nction
RACTER PROGRAM DATA> functional element is used to convey parameter information bes

hlly as‘a short alpha or alphanumeric string. It is useful in those cases where numeric parg
hte;

ROGRAM

<QUERY

IDER>, see

h headers>,

lated to the

[ expressed
meters are

7.7.1.2 Encoding Syntax

A <CHARACTER PROGRAM DATA> element is defined as

where

<program
—* mnemonic> ——————*

7.6.1.2
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<program mnemonic> is defined in 7.6.1.2.

7.7.1.3 Semantic Equivalence

— 73—

The <program mnemonic>, as used in the <CHARACTER PROGRAM DATA> functional element, shall follow the
same semantic equivalence rules as when it is used in <COMMAND PROGRAM HEADER> element, see 7.6.1.3.

7.7.1.4 Rules

The <program mnemonic>, as used in the <CHARACTER PROGRAM DATA> functional element, shall follow the

same gene

7.7.2 <DE

7.7.2.1 Fu

The <DEJIMAL NUMERIC PROGRAM DATA> is a flexible version of the three numeric representatio

nction

and 3) as defined in ANSI X3.42-1990 [2].

This elemd

7.7.2.2 Encoding Syntax

A <DECIN

where

<mantissa3

CIMAL NUMERIC PROGRAM DATA>

(AL NUMERIC PROGRAM DATA> element is defined as

al rules as when 1t 1S used 1n the <CUOMMAND PROGKAM HEADEKR> element, see /7.0.1.4.

nt is also denoted by NRf (flexible numeric representation) in subsequént sections.

ns (NR1,2,

»| <mantissa> - z“;}::lef: _ | <exponent>

7.4.1.2 7p4 iy 7.7.2.2

> is defined as
<optional . .
. t <digit>
N ( digits> m 761.2
T 1.7.2.2

<dlglt> <0pti0na1

76.1.2 digits>

o 7.6.1.2

<digit> is defined in 7.6.1.2.
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<digit>
7.6.1.2
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where

<exponent} is defined as

<white
space>
7.41.2

where

<digit> is dlefined in 7.6.1.2.

>
>

<white space> is defined in 7.4.1.2.

7.7.2.3 Semantic Equivalence

A device shall process <white space> without semantic interpretation.

<digit>
7.6.1.2

A device phall interpret all 'other ASCII-encoded characters as comprising a decimal numeric formaf generally
following 4ny of the NRI;NR2, and NR3 formats of ANSI X3. 42-1990 [2], as allowed by the diagram in }.7.2.2. The

interpreted| value shall'be subject to the rounding rule as stated in 7.7.2.4.2.

7.7.2.4 Rules

7.7.2.4.1 Range

The mantissa of a <DECIMAL NUMERIC PROGRAM DATA> element shall contain no more than 255 characters

excluding any leading zeros.

<DECIMAL NUMERIC PROGRAM DATA> elements shall have an exponent value in the range -32000 through

+32000.

If the <DECIMAL NUMERIC PROGRAM DATA> element violates either of these rules, a Command Error shall be

generated.
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7.7.2.4.2 Numeric Element Rounding

A device may receive a <DECIMAL NUMERIC PROGRAM DATA> element that has greater precision than the
device can handle internally. In this case, the device shall round the number, not truncate the number, before
interpretation. When rounding, the device shall ignore the sign of the number and round up on values greater than or

equal to ex

act half values. Values less than exact half values shall be rounded down.

7.7.2.4.3 Error Reporting

Any error conditions reported shall be based on the result of the interpreted value after rounding.

7.7.24.4

If a <DEQ
header, an

Numeric Out-of-Range Guidelines

IMAL NUMERIC PROGRAM DATA> element's value is outside the range allowed.for the
Execution Error shall be reported.

7.7.2.4.5 Infinity and Not-a-Number Representations

It is recommmended that positive infinity be represented as 9.9E+37 and negative’ infinity as -9.9E+37

recommen

These nun
employing

led that not-a-number be represented by 9.91E+37.

eric values were chosen to fit into a single 32 bit IEEE 754 floating point number, see 9.3.2
64 bit double format numbers with a greater exponent/ange should take care to ensure thaf

numbers ate outside of the range of real numeric response data.

7.7.3 <SU
7.7.3.1 Fu

A <SUFF]
PROGRA)
how the pr

As shown
optional. N
require the

FFIX PROGRAM DATA>
nction

X PROGRAM DATA> element is psed to express units and (optional) multipliers. Where
1 DATA> is used following a <DECIMAL NUMBERIC PROGRAM DATA> (NRf), the suffi}
pceding NRf is interpreted by thé device.

n the functional syntax in Fig 7-6, the presence of a <SUFFIX PROGRAM DATA> after an NR
o particular <COMMAND PROGRAM HEADER> or <QUERY PROGRAM HEADER> in a ¢
use of a <SUFFIX’PROGRAM DATA> element.

7.7.3.2 Encoding Syntax

A <SUFFI

X PROGRAM DATA> element is defined as

associated

It is also

1. Devices
the above

<SUFFIX
K expresses

f is always
evice shall
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<suffix <suffix <digit>

mult.> unit>
7.7.3.2 } 7.73.2 7.6.1.2 ! ‘

T

unit> | <digit> ’

<suffix
7759 7.6.1.2 [

where
1) <digit> is defined in 7.6.1.2.
2) <guffix mult.>, suffix multiplier, is defined as a sequenge. of one, two, or three <upper/ lowerdase alpha>
characters.
3) <guffix unit> is defined as a sequence of one to four’&upper/lowercase alpha> characters. <uppef/lowercase

al

7.7.3.3 Semantic Equivalence

A device s

A device s

All other ASCII-encoded bytesnythis functional element may or may not have semantic equivalence at thg

of the devil

The bypas

pha> is defined in 7.6.1.2.

hall process <white space> without.semantic interpretation.

hall interpret all alpha characters with upper/lowercase semantic equivalence.

lce designer.

discretion

within the KSUFFIX PROGRAM DATA> element shall be interpreted by the device as if a defpult <suffix

multiplierst and <suffix unit> had been received. This default suffix is specified by the device designer. The default

suffix unit

7.7.3.4 Rules

s to be ' mentioned explicitly in the device documentation.

If a device uses suffixes, it should make use of the <suffix multiplier> and <suffix unit> elements defined in this
section. Guidelines presented here for the use of <SUFFIX PROGRAM DATA> elements have been defined in ISO

2955 : 198

3 [19] and have been expanded to include non-SI derived units in IEEE Std 260-1978 [3].

Any <SUFFIX PROGRAM DATA> element not specifically listed in this standard shall contain mnemonic value to
assist the user in relating the associated conversion to the suffix.

Numeric rounding may be done before or after the conversion algorithm is applied.
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A <SUFFIX PROGRAM DATA> element shall contain no more than twelve characters, excluding the leading <white
space>. All units that are defined or identified by ISO 1000 :1992 [18] are included in Table 7-1.

7.7.3.4.1 <suffix unit> Selection

Table 7-1 presents some of the most common <suffix unit> elements used in devices along with several preferred and
allowed secondary <suffix unit> elements for a variety of applications.

<suffix unit> elements should use the “primary unit” mnemonics from Table 7-1. Alternate <suffix unit> elements,
however, are included in Table 7-1 as “secondary units” for use by the casual user who tends to think in measurement
units. If unfit 1S not speciiied, the referenced standards or ISO 31 : 1992 [6]—[1/] should be consulted.

The use of] “E<digit>" or “E-<digit>" as a <SUFFIX PROGRAM DATA> element or as the leading)chafacters of a
<SUFFIX PROGRAM DATA> element is specifically disallowed because of possible confusiomwith the gxponent of
the preceding NRf.
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Table 7-1—<suffix unit> Elements

Preferred Suffix Allowed Suffix Referenced
Quantity (Primary Unit) (Secondary Unit) Unit
Absorbed dose GY Gray
Fadionuelide BQ Becquerel
Amount of substance MOL Mole
Angle
plane DEG Degree
— plane GON Grade
— plane MNT Minute
— plane RAD Radian
— plane SEC Second
— plane REV Revolution
— solid SR Steradian
Dose equivalent SV Sievert
Electric
— Capacitance F Farad
— Charge C Coulomb
— Conductance SIE Siemens
— Current A Ampere
— Potential (diff.) Vv Volt
— Resistance OHM Ohm
MOHM" Megaohm
Energy
— EV Electron-volt
— J Joule
Force N Newton
Frequency HZ Hertz
MHZ Megahertz
[lluminande LX Lux
Inductance H Henry
Length
— ASU Astronomic unit
— IN Inch
— FT Foot
— M Meter
— PRS Parsec
— MI Mile
— NAMI Nautical mile
Luminous Flux LM Lumen
Luminous Intensity CD Candela
Magnetic
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Preferred Suffix Allowed Suffix Referenced
Quantity (Primary Unit) (Secondary Unit) Unit
— Flux WB Weber
— Induction T Tesla
Mass
_ Atomic U Atpmic mass
unit
— G Gram'
— TNE Tonne
Power
— W Watt
— DBM DBMW dBs ref to|l, mW
Pressure
— ATM Atmosphere
— INHG Inch of mercury
— MMHG mm of mercury
— PAL Pascal
— TORR Tort
— (Fluid) BAR Bar
Ratio*
— DB Decibel
— PCT Percent
— PPM Parts per million
Temperature
— Celsius CEL Degree Celsius
— Fahrenheit FAR Degree
— Thermodynamic K Kelvin
Time
— S Second
— D Day
£ HR Hour
= MIN Minute
— ANN Year
Viscosity
— Kinematic ST Strokes
— Dynamic P Poise
Volume L Liter

*Because of accepted industry practice, in combination with the suffix unit OHM and HZ, M may be used instead
of MA as a suffix multiplier for mega. In the case of OHM and HZ, the use of M for milli is disallowed to prevent
a potential confusion between mego and milli. This practice does not follow ISO 2955 :1983 [19]. Neither suffix,
MOHM or MHZ, may be used with a suffix multiplier.

TThe kilogram (KG) is the SI unit for mass.

FRatios are inherently unitless. Several terms are used to make the values associated with ratios more tractable to
the user.
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7.7.3.4.2 DB referencing

To reference a relative unit (dB) to an absolute level, the absolute level ia appended to the DB according to the
following syntax.

<suffix <suffix
7.7.32 ( 7.7.32

Thus, deci
For examp

DBUW

DBUY means DB referenced to 1 uV.

NOTE —

B
1]

7.7.3.4.3 1
The <suffi}
in commor
<suffix muf
NOTE: On
7.7.3.4.4

When a n¢
When the ¢
M/S is the

When the ¢
the allowe

L |

\

bels referenced to 1 mW becomes DBMW. For historical reasons, DBM is allowed aS)an alias fi
€,

eans DB referenced to 1 uW.

\ provision in the appendix of IEEE Std 260-1978 {3} states that when a'BB unit is referenced, the referen

laced in parentheses. A search of common practice shows that the"ferm proposed here is the common usg
ot introduce ambiguity.

zsuffix mult.> Selection Rules
K mult.> is used to modify the value of the <suffix unit>. The <suffix mult.> allows the user to ¢
[t.>'s.

ly engineering unit multipliers are allowed.

se of Units Made Up of Combinations of Sl Rules

ed arises for complex-units (that is, newton-meter or meter per second) the following rules sh

omplex unit is the-quetient of two units, then the character “/”, should be used to separate the U
allowed representation for meter/second.

[T%L)

| representation for newton-meter.

r DBMW.

ce should be
ge and does

nter values

measurement units. Thus, in some applicatidns, 1 kHZ is preferable to 1E3 HZ. Table 7-2 lists {he allowed

buld apply.
nits. Thus,

omplex uhit is the product of two units, the character “.” should be used to separate the units. Thus, N.M is

Suffix exp

nents are represented by a <digit>. They are used for units that appear more than once in a cofnplex unit.

When a suffix exponent is used, it should appear as a <digit> and should be appended to the unit without a space. An

example is

the SI unit of acceleration, meters per second squared, written as M/S2.
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Table 7-2—Allowed <suffix mult.> Mnemonics

NOTES:
1 — Thes
OHM,

7-1.T

Definition Mnemonic
1E18 EX

1E15 PE

1E12 T

1E9 G

1E6 MA (see Note)
1E3 K

1E-3 M (see Note)
1E-6 U

1E-9 N

1E-12 P

1E-15 F

1E-18 A

hffix units, MHZ and MOHM, are special cases that sheuld not be confused with <suffix mult.> HZ or <
These special case <suffix units> are included in Tablev7-6 because of accepted industry practice.

ere are, however, inherent ambiguities between the two tables, i.e., Femto and Farads have the same mne

uffix muir.>

monic, as do

2— In m:Et cases, a range of <suffix mult.> and <suffix umt> mnemonic combinations can be freely picked from Taples 7-6 and

Atto
metho
combi

7.7.3.4.5

Where <S
PROGRA)
DATA> elg
PROGRAN
NUMERI(
DATA>.

d Amperes, Kilo and Degree Kelvin, Tera and Tesla, Giga and Gram, Mega and Meter, and nano and
 of resolving these ambiguities is jto“design the device to accept only selected <suffix mult.> <
hations based on the requirements.of the particular command.

Jse as an Entire <PROGRAM DATA ELEMENT>

UFFIX PROGRAM_DATA> elements are used without an accompanying <DECIMAL ]
I DATA> element,-the allowed contents shall be the same as those allowed for <SUFFIX P
ments used ifiteonjunction with a <DECIMAL NUMERIC PROGRAM DATA> element. Thg
I DATA>-element sets the default for <DECIMAL NUMERIC PROGRAM DATA> and <
[ RESRONSE DATA>. This element shall not be considered an extension to <CHARACTER P

Newton. A
suffix unit>

NUMERIC
ROGRAM

<SUFFD[
DECIMAL
ROGRAM

7.7.4 <NONDECIMAL NUMERIC PROGRAM DATAS

7.7.4.1 Function

The <NONDECIMAL NUMERIC PROGRAM DATA> element allows passing numeric information in bases other
than ten. These formats facilitate direct interpretation by system users and application programs for those applications
where nondecimal numbers have direct significance. The use of this format may simplify conversion routines in
application software.
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7.7.4.2 Encoding Syntax

A <NONDECIMAL NUMERIC PROGRAM DATA> element is defined as

'
N
NV
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where
<digit> is defined in 7.6.1.2.
7.7.4.3 Semantic Equivalence

A device shall interpret any and all of the three specified nondecimal numeric formats as semantically equivalent
numeric values.

A device shall interpret <upper/lowercase alpha> without attaching semantic meaning to the case of the alpha

characters.
7.7.4.4 Rules
7.7.4.4.1 Hexadecimal Encoding
The charadters following a #H or #h preamble shall be interpreted as an unsigned impliCit radix point h¢xadecimal
number.
The radix for hexadecimal numbers is 16. The decimal values and related ASCH €ode representations are fs follows:
Degimal Value: 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 |15
AS[II Code: 0 1 2 3 4 5 6 7 8 9 A B C D E F
Altprnate
AS[CII Code: 0 1 2 3 4 5 6 7 8 9 a b c d e f
Nonhex chiaracters shall generate a Commadnd Error.
7.7.4.4.2 Octal Encoding
The charagdters following a #@Q 0¥#q preamble shall be interpreted as an unsigned implicit radix point octa] number.
The radix for octal numbess is eight. The decimal values and related ASCII code representations are as folfows:
Decimal Value: Q 1 2 3 4 5 o) 1
ASCII Code: 0 1 2 3 4 5 6 7

Nonoctal characters shall generate a Command Error.
7.7.4.4.3 Binary Encoding
The characters following a #B or #b preamble shall be interpreted as an unsigned implicit radix point binary number.

The radix for binary numbers is two. The decimal values and related ASCII code representations are as follows:
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7.7.5 <STRING PROGRAM DATA>

-84 —

Decimal Value: 0 1

ASCII Code: 0 1
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7.7.5.1 Function

The <STR|

characters

example, g

such as carfriage return, newline, or space to correctly format text.

7.7.5.2 Encoding Syntax

A <STRIN

where

G PROGRAM DATA> element is defined as

3

<insérted ">
771.5.2

<nonsingle
quote char>
7.7.5.2

Y

<inserted ">
7.7.5.2

»

ING PROGRAM DATA> element allows any character in the ASCII 7 bit code (including npnprintable
to be transmitted as a message. This data field is particularly useful where text.is ‘to be displayed (for
n a printer or CRT type device). The <STRING PROGRAM DATA> permits,the use of formgt effectors,

<nondouble
quote char>
7.7.5.2

1) <inserted '> is defined as a single ASCII character with the value 27 (39 decimal).
2) <nonsingle quote char> is defined as a single ASCII character of any value except 27 (29 decimal).

3) <inserted "> is defined as a single ASCII character with the value 22 (34 decimal).

4) <nondouble quote char> is defined as a single ASCII character of any value except 22 (34 decimal).
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7.7.5.3 Semantic Equivalence

A device shall interpret string data encapsulated in either of the two specified delimited-string formats (that is, the use
of double quotes or single quotes) as semantically equivalent.

7.7.5.4 Rules

7.7.5.4.1 Single Quote Delimiting

A single quote (') followed directly by an <inserted '> is used to represent a single' within a <STRING PROGRAM

DATA> de
7.7.5.4.2

A double q
DATA> de

7.7.6 <AH

7.7.6.1 FU

1mited by single quotes.
Double Quote Delimiting

uote (“‘) followed directly by an <inserted “> is used to represent a single ” within @<STRING P
imited by double quotes.

BITRARY BLOCK PROGRAM DATA>

nction

The <ARBITRARY BLOCK PROGRAM DATA> element allows any 8.bit bytes (including extended ASC

be transmi

This elemg
described i

ted in a message. This element is particularly useful for sending large quantities of data.

nt represents a general purpose solution to the transmission of 8 bit binary data. Specific binar
n 9.2 and 9.3.

7.7.6.2 Encoding Syntax

An <ARB]

TRARY BLOCK PROGRAM DATA> element is defined as

<

ROGRAM

[I codes) to

y coding is

\

O

-

<nonzero | <digit> [ R <8 bit j
> digit> > 761.2 * data byte> >
7.7.6.2 7.7.6.2

where

N l <8 bit
0] data byte> NI AEND
N L 7.7.6.2 J N— ~—_—

1) <digit> is defined in 7.6.1.2.
2) <nonzero digit> is defined as a single ASCII encoded byte in the range of 31-39 (49-57 decimal).
3) <8 bit data byte> is defined as an 8 bit byte in the range of 00-FF (0-255 decimal).

NOTE — The use of the indefinite format (#0) requires NLAEND and forces immediate termination of the <PROGRAM
MESSAGE>. Receipt of an END message with a DAB that is not an NL generates a Comand Error. NLAEND
constitutes the <PROGRAM MESSAGE TERMINATOR> and is not a part of the <PROGRAM MESSAGE>.
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7.7.6.3 Semantic Equivalence

A device shall interpret <8 bit data bytes> in either of the two specified formats (that is, with #<nonzero digit> or #0
with the NLAEND message termination) as semantically equivalent.

7.7.6.4 Rules

The value of the <nonzero digit> element shall equal the number of <digit> elements that follow. The value of the
<digit> elements taken together as a decimal integer shall equal the number of <8 bit data byte> elements that follow.
If the IEEE 488.1 END message is received before the specified number of bytes has been received, a Command Error

shall be refported.

7.7.6.5 NItes and Examples

Designers

devices. The designer should not assume that all devices will be capable of accepting lengthy messages.

device spe

The indefinite format is useful when the length of the transmission is not known‘or-when transmission spe

considerati
For examp
1) #
2) #
3) #
If the sequ
#14<DAB3

is received
MESSAG
MESSAG

7.7.7 <EXPRESSION PROGRAM DATA>

7.7.7.1 FU

The <EXP
parameterg

should consider the implications of buffer size and availability, particularly imthe intende

Cification requirements.

ons prevent segmentation into definite length blocks.
e, four data bytes (DABs) may be sent using:
4<DAB><DAB><DAB><DAB>
004<DAB><DAB><DAB><DAB>
<DAB><DAB><DAB><DAB> NLAEND

Prce:

><DAB><DAB><DABAEND>

, the last DAB is part of the.block. The associated END message also terminates the <P

>. If the last DAB happenéd jto be an NL, it is still part of the block and not part of the <P
E TERMINATOR>.

nction

RESSION PROGRAM DATA> element evaluates to a scalar, vector, matrix, or string valug
tobe.manipulated by the device.

| receiving
See 4.9 for

ed or other

ROGRAM
ROGRAM

. It allows

7.7.7.2 Encoding Syntax

An <EXPRESSION PROGRAM DATA> element is defined as

where

<program
—0@—> expression> ‘v@—>
7.7.17.2
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<program expression> is defined as:

1) A sequence of ASCII-encoded data bytes in the range 20 to 7E (32 to 126 decimal) except the double quote,
number sign, single quote, left parenthesis, right parenthesis, and semicolon (characters 22, 23, 27, 28, 29,
and 3B hexidecimal or 34, 35, 39, 40, 41, and 59 decimal respectively).

2) A device-defined set of the <PROGRAM DATA> elements described in 7.7, except the indefinite form of the
<ARBITRARY BLOCK PROGRAM DATA>. This allows the representation of nested expressions.

7.7.7.3 Semantic Equivalence

A device
semantic

mnterpret <uppetr/lowercase alpha> containe
eaning to the case of the alpha characters.

n the <program expression> element withoyt attaching

ASCII-encpded bytes contained in the <program expression> element may have other rules or coriditions for semantic
equivalencp at the discretion of the device designer.

7.7.7.4 Rules

The <program expression> semantics are completely device-dependent, but the/device shall be able to trqnsform the
<program pxpression> into the equivalent of one or more <PROGRAM DATA> elements that are nof <program
expressionp elements.

Devices myy allow properly nested subexpressions within an <programhexpression> up to a device-defined maximum
nesting depth. A subexpression is a syntactically correct <programiexpression> that is completely containefl within an
<program ¢xpression>.

The devicd documentation shall clearly indicate which <PROGRAM DATA> elements may appear with a) <program
expressionp as well as the maximum subexpression nesting depth. The device documentation shall cleatly indicate
any additidnal syntax restrictions that the device may place on the <program expression>.

The charadters listed in 7.7.7.2 (double quote, number sign, single quote, left and right parentheses, and femicolon)
may not appear within the body of the <program expression>, but may appear within a <STRING PROGRAM DATA>
or <ARBITRARY BLOCK PROGRAM DATA> element in an <program expression> or subexpression. In addition,
left and right p arentheses may appear.in a <program expression> as part of an included subexpression that includes
one or motfe <EXPRESSION PROGRAM DATA> elements.

8. Devige Talking Elements

8.1 Ovenview

This section discusses the formatting of <RESPONSE MESSAGES elements sent from a device via its system
interface. As in Section 7., the formatting occurs on two levels: the functional level and the encoding level. The
overview material for Section 7. applies here, except that the codes are device, and not human, generated and thus
embody a minimum amount of flexibility in the encoding syntax. For human readability and consistency, the encoding
syntax is, in most cases, obtained from a subset of the controller-to-device syntax.

Particular needs may require a device to talk directly, i.e., not through a controller, to a device or class of devices that
do not understand the IEEE 488.2 <RESPONSE MESSAGE> syntax. For example, a device may be able to calibrate
itself by commanding a particular model source to supply a stimulus. A more common example might be a device that
is able to use the bus to command a printer or plotter to print or graph internally stored data. All deviations from IEEE
488.2 to achieve device-to-device message transfer, as described earlier, shah be minimized and shall be explicitely
documented.

[ Published by IEC under licence from IEEE. © 1992 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=cb13da4dba8dcea41a17ac147844da91

- 88 — IEC 60488-2:2004(E)
IEEE 488.2-1992(E)

8.2 Notation

Syntax diagram notation follows the same format as is described in 7.2.

8.3 Terminated Response Messages — Functional Syntax

8.3.1 Function

A terminated <KRESPONSE MESSAGE> is a device-to-controller message. It typically contains measurement results,

settings, or-status—nformation:

A <RESPONSE MESSAGE-> is interpreted by a controller running an application program and, @s'such, needs to

convey its jnformation precisely for consistent operation with a wide range of controllers.

A <RESPDNSE MESSAGE>, therefore, has a more restrictive format than a <PROGRAM MESSAGE>, see

Section 7.

8.3.2 Syntax

The functipnal syntax of the device's response shall be generated by following the four-diagram set in Figs 8-1

through 814. The use of either the <ARBITRARY ASCII RESPONSE DATA> element (see 8.7.
<INDEFINITE LENGTH ARBITRARY BLOCK RESPONSE DATA> element (see 8.7.10) forces an
termination of the <KRESPONSE MESSAGE>.

11) or the
immediate

The <RESPONSE MESSAGE UNIT> has two basic syntaxes. The first is a “precise” version of the <AROGRAM

MESSAGE UNIT> syntax, and is generally used for returifing setting information. The second is “header
typically uped to return measurement results with a minimum of bus overload.

<RESPONSE
MESSAGE

TERMINATOR>

8.5

C ) <RESPONSE MESSAGE> >
(Fig 8-2)

Figure 8-1—<TERMINATED RESPONSE MESSAGE> Functional Element Syntax

<RESPONSE

ess” and is

MESSAGE UNIT
SEPARATOR>
8.4.1

<RESPONSE MESSAGE UNIT>
(Fig 8-3)

Figure 8-2—<RESPONSE MESSAGE> Functional Element Syntax
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<RESPONSE
DATA

SEPARATOR>

8.4.2

<RESPONSE
HEADER

SEPARATOR>

8.4.3

<RESPONSE
HEADER>
8.6

<RESPONSE DATA>
(Fig 8-4)

<RESPONSE
DATA

SEPARATOR>

8.4.2

» <RESPONSE DATA>

(Fig 8-4)

Figure 8-3—<RESPONSE MESSAGE UNIT> Functional Element Syntax
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<CHARACTER
RESPONSE DATA>
8.71

<NR1 NUMERIC
RESPONSE DATA> —
8.7.2

<NR2 NUMERIC
RESPONSE DATA

873

<NR3 NUMERIC
RESPOlgISE DATA>
1.4

<HEXADECIMAL
NUMERIC RESPONSE DATA>
8.15

\"//

<OCTAL NUMERIC
RESPONSE DATA>
8.7.6

—_—

<BINARY NUMERIC
RESPONSE DATA>
8.1.7

<STRING
RESPONSE DATA>
8.7.8

<DEFINITE LENGTH
ARBITRARY BLOCK RESPONSE

DATA>
8.7.9

—
<EXPRESSION
RESPONSE DATA>
8.7.12

<SUFFIX
RESPONSE DATA>
8.7.13

<INDEFINITE LENGTH
ARBITRARY BLOCK RESPONSE

DATA>
8.7.10 (SEE NOTE)

<ARBITRARY ASCII
RESPONSE DATA>
8.7.11 (SEE NOTE)

Figure 8-4 —<RESPONSE DATA> Functional Element Syntax

NOTE — The <ARBITRARY ASCII RESPONSE DATA> and <INDEFINITE LENGTH ARBITRARY BLOCK RESPONSE
DATA> elements end with an implied terminator. In this case, the message terminates with no exit.
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8.3.3 Functional Element Summary

—-91 -

Element

Function

<RESPONSE MESSAGE> Fig 8-2

<RESPONSE MESSAGE UNIT>

Represents a sequence of one or more <KRESPONSE
MESSAGE UNIT> elements separated by <KRESPONSE
MESSAGE UNIT SEPARATOR> elements.

Represents a single message unit sent from the device.

Fig8-3
<RESPONSE DATA> Fig 8-4

<RESPONSE MESSAGE UNIT
SEPARATOR> 8.4.1

<RESPONSE DATA
SEPARATOR> 8.4.2

<RESPONSE HEADER
SEPARATOR> 8.4.3

<RESPONSE MESSAGE
TERMINATOR>8.5

<RESPONSE HEADER> 8.6

<CHARACTER RESPONSE
DATA>8.7.1

<NR1 NUMERIC RESPONSE
DATA>8.7.2

<NR2 NUMERIC RESPONSE
DATA>8.7.3

Represents one of the thirteen defined <RESPONSE
DATA> elements.

Separates the <RESPONSE MESSAGE UNIT>
elements from one another in a <RESPONSE
MESSAGE>.

Separates sequential <KRESPONSE DATA> elements
that are related to the same header{orjto each other.

Separates the header from thé.<RESPONSE DATA>.

Terminates a <KRESRONSE MESSAGE>.

Specifies thedfunction of the associated<PROGRAM
DATA> elements(s). Alpha and numeric characters
mnemonically indicate the function. Internal structure is
provided-for hierarchical header structuring.

A.ddta type suitable for sending short mnemonic
character strings, generally when a numeric parameter is
not suitable.

Suitable for sending implicit radix decimal values.

Suitable for sending explicit radix decimal values.
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Element Function
<NR3 NUMERIC RESPONSE Suitable for sending explicit radix decimal values with an
DATA>8.7.4 exponent.
<HEXADECIMAL NUMERIC

RESPONSE DATA>8.7.5

<OCTAL NUMERIC RESPONSE
DATA>8.7.6

<BINARY NUMERIC RESPONSE

Suitable for sending implicit radix hexadecimal values.

Suitable for sending implicit radix octal values.

Suitable for sending implicit radix binary values.

PATEA e R
DX TZIY>0. 7.7

<STRING RESPONSE
DATA>8.7.8

<DEFINITE” LENGTH
ARBITRARY BLOCK RESPONSE
DATA>8.7.9

<INDEFINITE LENGTH
ARBITRARY BLOCK RESPONSE
DATA>8.7.10

<ARBITRARY ASCII RESPONSE
DATA>8.7.11

<EXPRESSION RESPONSE
DATA>8.7.12

<SUFFIX RESPONSE DATA>
8.7.13

A data type suitable for sending ASCII character string$
in which the contents needs to be “hidden” by delimiters.
This element is generally used to send data for direct
display on a device.

A data type suitable for sending blocks of 8"bit binary
information when the length is known beforehand.

A data type suitable for sending\blocks of 8 bit binary
information when the length§s not known beforehand or
when computing the lengthlbeforehand is undesireable.

Suitable for sending arbitrary ASCII bytes when
alternate data types<are unworkable.

Data type utilizing nesting parentheses with an open
format. Useful for structured data and parameter
manipuldtion applications. Suitable for sending data that
is evaluated as one or more nonexpression data elements
before further parsing.

A data type suitable for sending a unit and multiplier if
present.

8.4 Sepdrator Functional Elements

8.4.1 <RE

8.4.1.1 Fu

The <RES
from one a

SPONSE MESSAGE UNIT SEPARATOR>
nction

PONSE.MESSAGE UNIT SEPARATOR> separates sequential <RESPONSE MESSAGE UNTIT|
hothér when multiple <KRESPONSE MESSAGE UNIT> elements are sent in a <RESPONSE M

> elements
ESSAGE>.

8.4.1.2 Er

coding syntax

A <RESPONSE MESSAGE UNIT SEPARATOR> is defined as

—.@_.
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8.4.2 <RESPONSE DATA SEPARATOR>
8.4.2.1 Function

The <RESPONSE DATA SEPARATOR> separates sequential <KRESPONSE DATA> elements from one another when
multiple data elements are sent.

8.4.2.2 Encoding Syntax

A <RESPONSE DATA SEPARATOR> is defined as

_.@_>

8.4.3 <RHSPONSE HEADER SEPARATOR>

8.4.3.1 Function

The <RESJPONSE HEADER SEPARATOR> unambiguously separates the <RESPONSE HEADER> from the
<RESPONSE DATA>.

8.4.3.2 Encoding Syntax

A <RESPONSE HEADER SEPARATOR> is defined as

8.5 <RE$PONSE MESSAGE TERMINATOR>

8.5.1 Fungtion

The <RESPONSE MESSAGE TERMINATOR> element's function is to terminate a sequence of orfe or more
<RESPONSE MESSAGE UNIT> elements.

8.5.2 Encpding-Syntax

A <RESPONSE MESSAGE TERMINATOR> is defined as
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8.6 <RESPONSE HEADER>

8.6.1 Function

The <RESPONSE HEADER> is available for use by the device designer for device-specific responses. It may be used,
for example, to create responses in directly resendable <PROGRAM MESSAGE UNIT> format or to identify

response data to the controller.

8.6.2 Encoding Syntax

The <RESPONSE HEADER> i1s defined as

<simple

———»| Tesponse
header>

8.6.2

<compound

\ response

header>
8.6.2

<cominon

\ response (
header>

8.6.2

where

<simple repponse header> is defined.as

<response
—* mnemonic> ———*

8.6.2

<compound response header> is defined as

<response
mnemonic>
8.6.2
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<compound response header> is defined as

<response
mnemonic>
8.6.2

<response mnemonic> is defined as

-
%

<uppercase
> alpha> —~
8.6.2
<uppercase
—  alpha> < ;/\ > >
8.6.2 =/

\ <digit> )
7%6.1°2

\

where:
<uppercasg¢ alpha> is defined as a single ASCIkencoded byte in the range of 41-5A (65-90 decimal).
<digit> is dlefined in 7.6.1.2.

(L) represepts an “underscore,”’ asingle ASCII-encoded byte with the value 5F (95 decisreal).

8.6.3 Rules

The <respdnse mnemaonic> shall have a maximum length of 12 characters.

The relation of & <response mnemonic> and its related function shall be readily apparent.

- L 1 - 1 b h DI CDAOMNCI LI A NI - 1 1
The semantrcsof LCOMTPOUIIT TTS PUITST THIICTITOTIITS CICIICIITS USCU 1T @ <NEST OINS T TIEADTRN> TS oTyond the scope

of this standard.

<common response header> elements may only be used to represent <COMMAND PROGRAM HEADER> elements
defined in Section10..

8.7 <RESPONSE DATA> Functional Elements

A <RESPONSE DATA> functional element conveys a variety of response information. The element type is
determined by the eliciting query or query equivalent (for example, macro expansion).
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8.7.1 <CHARACTER RESPONSE DATA>
8.7.1.1 Function

The <CHARACTER RESPONSE DATA> functional element is used to convey information best expressed
mnemonically as a short alpha or alphanumeric string. It is useful when numeric parameters are inappropriate.

8.7.1.2 Encoding Syntax

A <CHARACTER RESPONSE DATA> is defined as

<response
— mnemonic> —————*

8.6.2

where
<response mnemonic> is defined in 8.6.2.

8.7.1.3 Rules

The <respgnse mnemonic> shall comply with the rules as stated\in7.6.1.4.1-7.6.1.4.3.
8.7.2 <NR1 NUMERIC RESPONSE DATA>

8.7.2.1 Fynction

<NR1 NUMERIC RESPONSE DATA> elements consist of a set of implicit point representations of numeric values.
That is, a fadix point is implicitly consideréd*to be placed (fixed but not transmitted) at the right end of tle string of
digits.
8.7.2.2 Encoding Syntax

An <NR1 NUMERIC RESPONSE DATA> is defined as

Zdigits )

7.6.1.2
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8.7.2.3 Rules

8.7.2.3.1 Out-of-Range

Numeric representation of out-of-range information shall be sent with the same numeric data type as for in-range
information with a value outside of the normal range of measurements. Also, the DDE bit shall be set in the Standard
Event Status Register. See 11.5.1.1.6.

For example, a voltmeter with a maximum measurement capability of 100 V could indicate that it was measuring
above 100 V by returning a response with a predefined “overrange” value above 100. This value shall be returned as

<NR1 NUMERIT RESPONSE DATA> 1T ihe normal In-range responses are returned as <INKI

RESPON

8.7.2.3.2

The allow]

179.76...E;
[

8.7.2.3.3

If the <N
<COMMA
<SUFFIX
DATA> sh
HEADER3
response 1

8.7.3 <NH

8.7.3.1 Fu

<NR2 NU]J

8.7.3.2 Encoding Syntax

An <NR2

DATA> elements.
Allowable Range

pble range for NRIs is the same as the range for double precision flpating point nu

-306). See ANSI X3.42-1990 [2] and Section 9. for details of floating point formats.
Default Suffix

Default Suffix

Default SuffixRESPONSE DATA> describes a device setfing that can be programmg
ND PROGRAM HEADER> or <QUERY PROGRAM HEADER> that allows the use of §
PROGRAM DATA> element, then the implied units and/multiplier of the <NR1 NUMERIC R
puld be the same as those defined by the defau< suffix associated with the <COMMAND B
> or <QUERY PROGRAM HEADER>, see 7.7.33».Documentation of the defau< suffix se
essages is recommended.

2 NUMERIC RESPONSE DATA>
nction

MERIC RESPONSE DATA> el¢ments are the representations of explicit point numeric values.

NUMERIC RESPONSE DATA> is defined as

UMERIC

nbers (+/-

d using a
In optional
ESPONSE
ROGRAM
mantics or

where

<digit> is defined in 7.6.1.2.
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8.7.3.3.1 Out-of-Range

— 908 —

Out-of-range encoding rules are identical to those of 8.7.2.3.

8.7.3.3.2 Allowable Range
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The allowable range for NR2s is the same as the range for double precision floating point numbers (+/-
179.76...E+306). See ANSI X3.42-1990 [2] and Section 9. for details of floating point formats.

8.7.3.3.3
The recom|
8.7.4 <NH
8.7.4.1 Fu

<NR3 NU
together w

Default Suffix

nction

th an exponent notation.

8.7.4.2 Encoding Syntax

An <NR3

3 NUMERIC RESPONSE DATA>

NUMERIC RESPONSE DATA> is defined as

-
<%

<digit>
7.6.1.2

mendation for NR2 default suffix usage is the same as described in 8.7.2.3.3.

MERIC RESPONSE DATA> elements are representations of scaled ‘€xplicit radix point num|

L

<digit>
7.6.1.2

7 Y

iU

<digit>
7612

).

eric values

where

<digit> is defined in 7.6.1.2.
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8.7.4.3 Rules

8.7.4.3.1 Out-of-Range

Out-of-range encoding rules are identical to those of 8.7.2.3.

8.7.4.3.2 Allowable Range

The allowable range for NR3s is the same as the range for double precision floating point numbers (+/-
179.76...E+306). See ANSI X3.42-1990 [2] and Section 9. for details of floating point formats.

8.7.4.3.3

The recom|

8.7.441In

It is recompmended that positive infinity be represented as 9.9E+37 and negatiye infinity as -9.9E+37

recommen
These nunj
employing
numbers at
8.7.5 <HE
8.7.5.1 FU

The <HEX
informatio

Default Suffix
mendation for NR3 default suffix usage is the same as described in 8.7.2.3.3.

inity and Not-a-Number Representations

Hed that not-a-number be represented by 9.91E+37.

eric values were chosen to fit into a single 32 bit IEEE 754 flaating point number, see 9.3.2
64 bit double format numbers with a greater exponent range should take care to ensure tha
e outside of the range of real numeric response data.

XADECIMAL NUMERIC RESPONSE DATA>

nction

ADECIMAL NUMERIC RESPONSE DATA> element is used to represent implicit radix, base
1.

8.7.5.2 Encoding Syntax

A <HEXA|

DECIMAL NUMERIC RESPONSE DATA> is defined as

It is also

1. Devices
the above

| 6 numeric
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'

A
=]
9.
v

where
<digit> is dlefined in 7.6.1.2.
8.7.5.3 Rulles

The encodjng rules are identical to those in 7+7.4.4.1, except that the alternate (lowercase) ASCII codp option is
disallowed|

8.7.6 <OCGTAL NUMERIC RESPONSE DATA>
8.7.6.1 Function

The <OCTAL NUMERIC*RESPONSE DATA> element is used to represent base eight, implicit rad]x numeric
informatiof.

8.7.6.2 Encoding Syntax

An <OCTAL NUMERIC RESPONSE DATA> is defined as
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S

995

8.7.6.3 Rules

The encodjng rules are identical to those in 7.7.4.4:2;*except that the alternate (lowercase) ASCII codp option is
disallowed|

8.7.7 <BINARY NUMERIC RESPONSE DATA>
8.7.7.1 Function

The <BINARY NUMERIC RESPONSE DATA> element is used to represent base two, implicit rad]x numeric
informatiof.

8.7.7.2 Encoding Syntax

A<BINAR)YY NUMERIC RESPONSE DATA> is defined as

ol
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8.7.7.3 Rules

The encoding rules are identical to those in 7.7.4.4.3, except that the alternate (lowercase) ASCII code option is
disallowed.

8.7.8 <STRING RESPONSE DATA>
8.7.8.1 Function

The <STRING RESPONSE DATA> elements allow any character in the ASCII 7 bit code (including nonprintable
characters)To be transmitied as part ol a message. This data field 1s particularly usetul when text is to be digplayed (for
example, dn a printer or CRT-type device). The <STRING RESPONSE DATA> element permits thesusg of format
effectors syich as carriage return, newline, or space to correctly format text.

8.7.8.2 Encoding Syntax

A <STRING RESPONSE DATA> is defined as

 §
/

<inserted 7>
7.7.5.2

<nondouble
quote char>
7.7.5.2

where
<inserted ‘|> is defined in 7.7.5 2
<nondouble quote char> is\defined in 7.7.5.2.
8.7.8.3 Rules

The encoding/rules are the same as for <STRING PROGRAM DATA>, see 7.7.5.4.

Bit 8 shall be set false when transmitting 7 bit ASCII data.
8.7.8.4 Notes and Examples

Alternate methods of encapsulating ASCII text, limited to response from a device, are the <ARBITRARY ASCII
RESPONSE DATA> element, see 8.7.11, the <DEFINITE LENGTH: ARBITRARY BLOCK RESPONSE DATA>
element, see 8.7.9, and the <INDEFINITE LENGTH ARBITRARY BLOCK RESPONSE DATA> element, see
8.7.10. The latter element should only be used if alternate formats are unworkable.
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8.7.9 <DEFINITE LENGTH ARBITRARY BLOCK RESPONSE DATA>

8.7.9.1 Function

The <DEFINITE LENGTH ARBITRARY BLOCK RESPONSE DATA> element allows any type of device-
dependent data to be transmitted over the system interface as a series of 8 bit data bytes. This element is particularly

useful for sending large quantities of data, 8 bit extended ASCII codes, or other data that are not directly displayable.

Specific recommended binary encodings for use with this element are described in Section 9.

8.7.9.2 Efcoding Syntax

A <DEFINITE LENGTH ARBITRARY BLOCK RESPONSE DATA> is defined as

/'3

<
-

<NONZzero L digit J [ <8 bit
'( : ) > digit> > ’<7ég112> >\ data byte>

7.7.6.2 7.7.6.2

A

\

where
<nonzero digit> is defined in 7.7.6.2.
<digit> is dlefined in 7.6.1.2.

<8 bit data]byte> is defined in 7.7.6.2.
8.7.9.3 Rules

The rules qre identical to those'of'7.7.6.4.
8.7.9.4 Notes and Examples

Device designers should consider the implications of buffer size and availability ill the intended receiving controllers.

Designers phould not assume that all controllers will automatically be capable of accepting lengthy megsages. See
Section 14| fer.¢ontroller specification requirements.

8.7.10 <INDEFINITE LENGTH ARBITRARY BLOCK RESPONSE DATA>

8.7.10.1 Function

The <INDEFINITE LENGTH ARBITRARY BLOCK RESPONSE DATA> element is useful when transmitting 8 bit
data bytes when the length of the transmission is not known or where transmission speed or other conditions prevent

segmenting the output into known length blocks.

The functional syntax diagrams permit the use of this element only as the final element in a <TERMINATED
RESPONSE MESSAGE>, see Fig 8-4.
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8.7.10.2 Encoding Syntax

An <INDEFINITE LENGTH ARBITRARY BLOCK RESPONSE DATA> is defined as

where

<8 bit data

NOTE —

<

Q

8.7.10.3 F

This formd

8.7.11 <ARBITRARY ASCII RESPONSE DATA>

8.7.11.1 F

The <ARBITRARY ASCII RESPONSE DATA>element allows devices to respond with undelimited 7 bit

In some caj

The functi

MESSAGE>, see Fig 8-4.

8.7.11.2 B

An <ARBI

<
%

<8 bit
(DD it o)
7.7.6.2

byte> is defined in 7.7.6.2.

[he IEEE 488.1 END message serves the dual function of terminating this eleément as well as ter
RESPONSE MESSAGE>. It is only sent once with the last byte of the indefinite black data. The NL i
onsistency with the <RESPONSE MESSAGE TERMINATOR>.

ules

t should only be used where other <KRESPONSE DATAs> element formats are unworkable.

unction

kes, this element facilitates controller handling of device information, such as displayed text.

bnal syntax diagrams permit the use of this element only at the end of a <TERMINATEDR|

ncoding Syntax

TRARY ASEILRESPONSE DATA> is defined as

-

hinating the
present for

ASCII text.

ESPONSE

where

<ASCII
data byte> @ @
8.7.11.2

<ASCII data byte> represents any ASCII-encoded data byte except NL (0A, 10decimal).

Notes:

1—The END message provides an unambiguous termination to an element that contains arbitrary ASCII characters
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2—The IEEE 488.1 END message serves the dual function of terminating this element as well as terminating the
<RESPONSE MESSAGE->. It is only sent once with the last byte of the indefinite block data. The NL is present for
consistency with the <KRESPONSE MESSAGE TERMINATOR>.

8.7.12 <EXPRESSION RESPONSE DATA>
8.7.12.1 Function
The <EXPRESSION RESPONSE DATA> element has the same scope and function as the <EXPRESSION

PROGRAM DATA> element described in 7.7.7. This element allows <EXPRESSION PROGRAM DATA> to be sent
by the device:

8.7.12.2 Bncoding Syntax

An <EXPRESSION RESPONSE DATA> element is defined as

<response
—@——> expression> —’@—*
7.7.7.2

where
<response pxpression> is defined as:
1)  Alsequence of AsClII-encoded data bytes in the‘range 20 to 7E hexadecimal (32 to 126 decimal)| except the
dguble quote, number sign, lowercase alphasleft parenthesis, right parenthesis, and semicolon (chjracters 22,
23,28, 29, 3B, and 61-7A hexadecimal-er 34, 35, 40, 41, 59, and 97-122 decimal respectively), and/or
2) Aldevice-defined set of the <RESPONSE DATA> elements described in 8.7 except <INDEFINITH LENGTH
ARBITRARY BLOCK RESPONSE DATA> and <ARBITRARY ASCII RESPONSE DATA>. This allows
the representation of nested eXpressions.

8.7.12.3 Rules

The <respgnse expression>» semantics are completely device-dependent.

A device nay send properly nested subexpressions within a <response expression>. A subexpression is a syntactically
correct <responsetexpression> that is completely contained within a <response expression>.

The devicp “doCumentation shall clearly indicate which <RESPONSE DATA> elements may appear within a
<response expression> as well as the maximum subexpression nesting depth. The device documentation shall clearly
indicate any additional syntax restrictions that the device may place on the <response expression>.

The characters listed in 8.7.12.2 (double quote, number sign, lowercase alpha, left and right parentheses, and
semicolon) may not appear within the body of the <response expression> but may appear within a <STRING
RESPONSE DATA> or <DEFINITE LENGTH ARBITRARY BLOCK RESPONSE DATA> element in a <response
expression> or subexpression. In addition, left and right parentheses may appear in a <response expression> as part of
an included subexpression that includes one or more <EXPRESSION PROGRAM DATA> elements.
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8.7.13 <SUFFIX RESPONSE DATA>

8.7.13.1 Function

A <SUFFIX RESPONSE DATA> element is used to express a unit of operation and a multiplier, if present.

8.7.13.2 Encoding Syntax

A <SUFFIX RESPONSE DATA> is defined as

where
1) <
2) <
3) <
al
8.7.13.3 F

If a device

claracters.

<suffix <suffix
mult.> *|  unit>
8.7.13.2 8.7.13.2

< digit>
76.1.2

O

<su.ftﬁx <digit>
unit>
8.713.2 7612 j

ligit> is defined in 7.6¢1.2
uffix mult.>, suffix multiplier, is defined in 7.7.3.4.3 as a sequence of one, two, or three <upper

uffix unit> is'defined in 7.7.3.4.1 as a sequence of one to four <uppercase alpha> characters.
pha> is defined in 8.6.2.

ules

ase alpha>

Kuppercase

uses sutfixes; it shoutd mmake use of the suffix ot >and <suffix unitselements defimed i 7-

7.7.3.4.1, respectively. The contents of a <SUFFIX RESPONSE DATA> element shall be either

1)
2)

The same as any <SUFFIX RESPONSE DATA> element the device can accept.
The default units for a <DECIMAL NUMERIC DATA> element with all the alpha characters being
uppercase. This element shall not be considered as an extension to the <CHARACTER RESPONSE DATA>.

9. Message Data Coding

7.3.4.3 and

This standard specifies specific forms of coding for device-specific messages. The ASCII 7 bit code is the code used
throughout this document for the majority of the syntactic and semantic definitions. 8 bit coding is allowed in special
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block message elements: <ARBITRARY BLOCK PROGRAM DATA>, see 7.7.6, <DEFINITE LENGTH
ARBITRARY BLOCK RESPONSE DATA>, see 8.7.9, and <INDEFINITE LENGTH ARBITRARY BLOCK

RESPONSE DATA>, see 8.7.10.

9.1 ASCII 7 bit Codes

ANSI X3.4-1986 [1] ASCII 7 bit code is the common data representation code for communication of device-specific

messages as described throughout Sections 7. and 8.

The ASCILZbit code bits shall be accignpd tothe DIQ cignsﬂ lines as shown in Table 9-1_The ASCIIL 7 bit code chart

is shown in} Table 9-2.

Table 9-1—ASCII 7 Bit Code/Line Relationship

*

ASCII Code: B7 B6 B5 B4 B3

DIO Line: DIO8  DIO7 DIO6  DIOS DIO4  DIO3

B2
DIO2

B1
DIO1

*Bit 8 (DIOS) shall be sent FALSE and ignored on reception by devices.
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B7 0 0 0 0 1 1 1 1

B6 0 0 1 0 1 1

B5 0 1 0 1 0 1 0 1
BITS
CONTROL NUMBERS UPPER CASE | LOWER CASE
B4 B3 B2 Bl SYMBOLS

[0 i £ Tl 43"'oleo 16 | 100 o]120 16 | 140 o160 16

0 o 0 of NUL| DLE SP | @ ~ p
0 0|10 16120 320 48 (40 6 )50 20 |60 %170 = 112
1T CIL | 4 LLUIH 1161 71101 1112 17 1141 1116} 17

0 0 o 1f SOH| DC1} ! A a q
1t iin 1712 BN 49 | a1 65| 51 st {eal AR 13
12 2 (2 2(a 18 | 102 2122 18142 2]162 ~ 8

o o 1 of STX DC2 o B b r
12 2112 184 22 |32 50142 66152 82 |62 98 | 72 114
13 73 2 36 19 [ 103 3|13 19 [ 143 1163 19

0 o 1 1 ETX DC3 | # C c S
3 3|13 1992 3|3 51|43 6753 Y 3] 99| 73 115
14 SDC | 4 DCL Y 44 4 20 [ 104 41124 20 | 144 4164 20

0 1 0 of EOT | DC44 & D t
4 i 204 24 36| % 52 ]as 68|54 6 |64 100 | 74 116
s x5 PUTes s|es 2 {105 s1125 /2 | 145 s|ies 2

0 1 0 1} ENQ | NAK 1 % E u
s slis 22 37|38 53 ]4s 6 {5 8s |ss 101 | 75 117
6 2% J 4 6166 106 6| 126 2| 146 6| 166 22

o1 1 of ACK| SYN] & F v
6 sli16 » 8|3 54 las 0| 56 86 |66 102 | 76 18
|7 K47 7167 2 | 102 71127 31147 71167 pa)

o 1 t 1h BEL ETB | ’ G g w
.7 {17 Y b 3 ssfu7 s o {67 103 | 77 119
110 GET{30  SPEYs0 87 2 [110 8]130 24]150 8170 2

1 o0 o of BS CANY ( h X
I8 818 7L B 40 [\38 56 |48 7258 88 |68 104 | 78 120
1 TCT[31_ spD[s1 REN 25 [ 913 25 [ 151 917 25

1 0 0 1} EM | ) y
5 9l 25402 al» 57 ]49 IR ) 108 |79 121
12 32 {52 1072 2112 10132 26152 10172 26

1 o 1 of LF SUB. D * J j z
A 101A 26424 423 8 |4a 74 | SA 90)6a 7 10674 122
lxa""‘ 33 B TN P2 BRE) 11133 7 [1s3 11 [ 173 27

1 0 1 1| VT ESC ] + K K {
B 11 § 1B 27128 43 | 3B 59 4B 75| SB 91 1 6B 107 | 7B 123
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Table 9-2 — ASCII 7 Bit Code Chart (continued)

iz 3 54 12[74 W14 12| 134 28154 12|17 28
1 1 0o of FF FS | , < L \ !
c 12|10 52 u|3c & |ac 76 | 5C 92{6c ~ 108|7C 124
|15 35 ss 1375 2|15 13|135  29]15s 13175 29
1 1 0 1p CR GS - = M ] m
) 13| 1D 2l 4l el T afled  109|M ° 125
70 % 56 14|76 wlue 14|13 , 30[156 14176 _ 30
1 1 1 of SO RS > N n
e 14|18 30828 46|38 6|4 7| sE ule  10|7B 126
17 37 57 15|77 unL|u7 _ 1s|137 ONT 157 15|17
ox 110 . o o DEL
T T 1T 1} 5t 7 ? O — ) ROBOUT)
) R 47|37 & |4 ™ |se sster ~ 1|7 127
ADRS UNTV LISTEN TALK SECONDARY.
KEY CMDS cMDs ADDRESSES ADDRESSES ADDRESSES

OR COMMANDS

ocul | 25 PPU | IEEE Sid 488.1 codo
ASCII character
hex [ 15 21 | decimal

Copyright (C) 1978, 1980, 1987 Tektronix, Inc. Used with permission.

The dashed area corresponds to the range of codes defined as <white space>:

9.2 Binaly 8 Bit Integer Codes

The followjing codes are the recommended formats for use withvblock program and response elements, see 1.7.6, 8.7.9,
and 8.7.10] Although other codes are not prohibited by this.standard, the use of the following codes is preferred.

9.2.1 Byt¢ Order and Data Line Relationships
Bit binary godes utilize high and low bits to directly represent binary (radix 2) numbers. Each binary numbegr is sent in
a data field|consisting of as many 8 bit bytes\as desired. The contents of the data field shall be sent most signfficant byte

first.

A typical data field is illustrated-below.

Sequence: | <-byte 1-> | | <-byte 2-> |
87654321 87654321
A A
LSB (least
MSB (most significant bit position significant bit
position)

Binary codes shall be 1, 2, 4, or 8 bytes wide.
9.2.2 Binary Integer Code

Binary integer is assumed to be right-justified in the data field, with the radix point to the right of the least significant
bit position. “2”s complement representation is assumed and the contents of the most significant bit position is
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interpreted as the sign bit. If the device data word is not as wide as the field, then the most significant (sign) bit shall
be extended to fill the field.

9.2.3 Binary Unsigned Integer Code
Binary unsigned integer is right-justified as described earlier. The contents of the data field's most significant bit is not

interpreted as a sign, but as the most significant bit of a positive number. Thus, any most-significant unused data bits
in the data field should be zero filled.

9.3 Binapy Floating Point Code

The floatinjg point representation included here is a subset of IEEE Std 754-1985 [5].

9.3.1 Floating Point Code Fields

Floating p¢int numbers shall be represented by three fields. The fields are
1) Sign field
2) Ekponent field
3) Fraction field

The size of the fields depends on the precision of the number.

For single precision numbers,

Sign field width V bit E(max) +127
Exponent field width 8 bits E(min) -126
Fraction field width 23 bits Exponent bias +127
Total width 32 bits

For double]precision numbers,

Sign field width 1 bit E(max) +1023
pv?nnanf field uadth 11 bits p(m;n) 1022
Fraction field width 52 bits Exponent bias +1023
Total width 64 bits
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9.3.2 Basic Formats

Numbers in the single and double formats are composed of the following three fields:

where

p
b(n)

The range pf the unbiased exponent, E, shall include every integer between two values E(min) and E(max
and also twWo other reserved values E(min) — 1 to encode +0 and denormalized.\nimbers, and E(max)+I to
and NaNs (Not a Number symbol). The foregoing parameters are given in 9.3.}, Each nonzero numerical va
one encoding. The fields are interpreted as follows:

(1) 1 bit sign s (s =0 = positive) (s = 1 = negative)
(2) Biased exponent e =E + bias
(3) Fraction f=.b(1)b(2)...b(p-1)

= the number of significant bits
=0orl

, inclusive,
encode +o
lue has just

9.3.2.1 Sipgle
A 32 bit single format number, X, is divided as shown in 9.3.2. The value, v, of X is inferred from its constifuent fields,
thus
1) Iffle =255 and f = 0, then v is NaNs regardless, of s
2) Ifle=255and f=0, then v = (=1)5
3) If]0 < e <255, then v = (-1)5 2¢7 127 (14
4) Ifle=0andf =0, then v = (-1)5 21260
(denormalized numbers)
5) Iffle=0andf=0,thenv= (—l)S 0 (zero)
9.3.2.2 Dguble
A 64 bit dquble format nwmber, X, is divided as shown in 9.3.2. The value, v, of X is inferred from its constifuent fields
thus
1) Ifle=2047 and f = O, then v is NaNs regardless of s
2) Ifle£2047 and f =0, then v = (1)
3 e 2 e L
4) Ife=0andf=0,thenv=(-1)5271922 (0,
(denormalized numbers)
5) Ife=0andf=0,thenv= (—l)S 0 (zero)

9.3.3 Order of Transmission

9.3.3.1 Single Precision Numbers

Single precision numbers shall be transmitted in 4 bytes. The transmission shall be structured according to the
following relationships between DIO signal lines and the fields.

[ Published by IEC under licence from IEEE. © 1992 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=cb13da4dba8dcea41a17ac147844da91

-112 - IEC 60488-2:2004(E)
IEEE 488.2-1992(E)

DIO — 8 7 6 5 4 3 2 1
S E E E E E E E First byte sent
A
MSBE
E F F F F F F F Second byte sent
A A
LSBE MSBF
F F F F F F F F Third-byte $ent
F F F F F F F lj Fourth byte sent
LSBF
where

MSBE [is the most significant bit of the exponent
LSBE [is the least significant bit of the exponent
MSBF [is the most significant bit of the fraction
LSBF |is the least significant bit of the fraction

S is the sign bit
E is an exponent bit
F is a fraction bit

9.3.3.2 Double Precision Numbers

Double pr¢cision numbers shall be transmitted in 8. bytes. The transmission shall be structured accorgling to the
following gelationships between DIO signal lines and the fields.

DIO — 8 7 6 5 4 3 2 1
S E E E E E E E First byte pent
A
MSBE
E E E E F F F F Second byte sent
A A

Third through
F F F F F F F F seventh byte sent
F F F F F F F F Eighth byte sent
A
LSBF
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where

MSBE is the most significant bit of the exponent
LSBE is the least significant bit of the exponent
MSBEF is the most significant bit of the fraction
LSBF is the least significant bit of the fraction

S is the sign bit
E is an exponent bit
F is a fraction bit

9.3.4 Exanple of Sgie Precision Number

An example of a single precision number could be encoded using these four bytes:

01000010 11100000 00000000 00000000
se ef- R f
where
binary decimal
s = [) =0
e= 0000101 =133
f= |110 =75

The numbgr then evaluates to:

v=(=D%2{"1%(1 .
= (-1)"291.75)
= (64)(1.15)
=112

10. Conrmon Commands and Queries

This section describes common commands and queries. Descriptive information and compliance requirements are
included for each command. Table 9-2 lists alphabetically all the common command and query headers defined in this
standard. Table 10-1 lists the same program messages grouped according to function. Syntax of the commands and
queries follows the conventions of 7.1. Common commands and queries, with the exception of *AAD, see 10.1, and
*DLF, see 10.2, are described as <PROGRAM MESSAGE UNIT> elements, see Fig 7-3.

[ Published by IEC under licence from IEEE. © 1992 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=cb13da4dba8dcea41a17ac147844da91

~114 -

IEC 60488-2:2004(E)

Table 10-1—IEEE 488.2 Common Command Headers

IEEE 488.2-1992(E)

Mnemonic Name Section
*AAD Accept Address Command 10.1
*CAL? Calibration Query 10.2
*CLS Clear Status Command 10.3
*DDT Define Device Trigger Command 10.4
*DDT? Define Device Trigger Query 10.5
*DLF Disable Listener Function Command 10.6
*DMC Define Macro Command 10.7
*EMC Enable Macro Command 10.8
*EMC? Enable Macro Query 10.9
*ESE Standard Event Status Enable Command 10.10
*ESE? Standard Event Status Enable Query 10.14,
*ESR? Standard Event Status Register Query 10:12
*GMC? Get Macro Contents Query 10.13
*IDN? Identification Query 10.14
*IST? Individual Status Query 10.15
*LMC? Learn Macro Query 10.16
*LRN? Learn Device Setup Query 10.17
*OPC Operation Complete Command 10.18
*OPC? Operation CompleterQuery 10.19
*OPT? Option Identification Query 10.20
*PCB Pass. Control. Back Command 10.21
*PMC Purge Maeros Command 10.22
*PRE Parallel Poll Enable Register Command 10.23
*PRE? Parallel Poll Enable Register Query 10.24
*PSC Power-On Status Clear Command 10.25
*PSC? Power-On Status Clear Query 10.26
*PUD Protected User Data Command 10.27
*PUD? Protected User Data Query 10.28
#RCL Recall Command 10.29
*RDT Resource Description Transfer Command 10.30
*RDT? Resource Description Transfer Query 10.31
*RMC Remove Individual Macro Command 1040
*RST Reset Command 10.32
*SAV Save Command 10.33
*SDS Save Default Device Setting Command 10.41
*SRE Service Request Enable Command 10.34
*SRE? Service Request Enable Query 10.35
*STB? Read Status Byte Query 10.36
*TRG Trigger Command 10.37
*TST? Self-Test Query 10.38
*WAI Wait-to-Continue Command 10.39

[ Published by IEC under licence from IEEE. © 1992 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=cb13da4dba8dcea41a17ac147844da91

IEC 60488-2:2004(E)
IEEE 488.2-1992(E)

-115 -

Table 10-2—IEEE 488.2 Common Command Groups

Mnemonic Group Compliance Section
*AAD Auto Configure Optional” 10.1
*DLF Auto Configure Optional 10.6
*IDN? System Data Mandatory 10.14
*OPT? System Data Optional 10.20
*PUD System Data Optional 10.27
*PUD? System Data Optional 10.28
*RDT System Data Optional 10.30
*RDT? System Data Optional 10.31
HC AL Internal-Operat Optional 102
*LRN? Internal Operations Optional 10.17
*RST Internal Operations Mandatory 10.32
*TST? Internal Operations Mandatory 10038
*OPC Synchronization Mandatory 10.18
*QPC? Synchronization Mandatory 10.19
*WAI Synchronization Mandatory 10.39
*DMC Macro Optional 10.7
*EMC Macro Optional 10.8
*EMC? Macro Optional 10.9
*GMC? Macro Optignal 10.13
*LMC? Macro Optional 10.16
*PMC Macro Optional 10.22
*RMC Macro Extended Optional® 10.40
*[ST? Parallel Poll Mandatory if PP1 10.15
*PRE Parallel Poll Mandator if PP1 10.23
*PRE? Parallel Poll Mandatory if PP1 10.24
*CLS Status & Event Mandatory 10.3
*ESE Status & Event Mandatory 10.10
*ESE? Status & Efent Mandatory 10.11
*ESR? Statusy& Event Mandatory 10.12
*PSC Sratus.& Event Optional 10.25
*PSC? Status & Event Optional 10.26
*SRE Status & Event Mandatory 10.34
*SRE2 Status & Event Mandatory 10.35
*STFB2 Status & Event Mandatory 10.36
*DDT Trigger Optional; requires DT1 10.4
*DDT? Trigger Optional: requires DT1 10.5
*TRG Trigger Mandatory if DT1 10.37
*PCB Controller Mandatory if other than CO 10.21
*RCL Stored Settings Optional 10.29
*SAV Stored Settings Optional 10.33
SDS Stored Setting Optionalt 10.41

*If any commands in either the Auto Configure, Macro, or Stored Settings groups are implemented, then all the
commands in that group shall be implemented.
FImplementation of this command requires implementation of the Macro group commands.

FImplementation of this command requires implementation of the Stored Settings group commands.

Section 6.1.6.1.1 requires that a device shall generate a Command Error if an unimplemented common command is

received.
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10.1 *AAD, Accept Address Command
10.1.1 Function and Requirements

This command, in conjunction with the Address Set protocol, allows the controller to detect all address-configurable
devices (that is, devices that implement this command) and assign an IEEE 488.1 address to each of those devices. An
address-configurable device is detected when the controller has completed a byte-by-byte search of the device's
identifier, after which time the address is assigned. The Address Set protocol causes this identifier search to be
executed repeatedly until all address-configurable devices have been detected. See 13.4.2 for detailed implementation
requirements of this command.

10.1.2 Syhtax
The syntax for the Accept Address command is defined as a <COMMAND PROGRAM (HEADER} followed
immediate]ly by a <PROGRAM MESSAGE TERMINATOR>. The <common command prégram header> in the
<COMMAND PROGRAM HEADER> is defined as “ *AAD.”
10.1.3 Semantics

See 13.4.2
10.1.4 RejJated Common Commands

*DLF — Implementation requires this optional command.
10.1.5 Standard Compliance

Optional.

10.1.6 Erfor Handling

See 13.4.2

10.2 *CAL?, Calibration Query
10.2.1 Fuhction and Requirements
The Calibration quepy.€auses a device to perform an internal self-calibration and generate a response that indicates

whether o1 not the device completed the self-calibration without error. Additional information about any |calibration
errors may|be cOntained in the response, see 10.2.3.

The Calibration query shall ot require any focal operator interaction to function. It shail not create bus conditions that
are violations to the IEEE Std 488.1-1987 [4] or IEEE Std 488.2-1992 standards. Otherwise, the scope of the self-
calibration is completely at the discretion of the device designer.

Upon completion of *CAL?, the device should be returned to the state just prior to the calibration cycle, or other
specified operational condition stated in the documentation, see 4.9.
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10.2.2 Qu

ery Structure

10.2.2.1 Query Syntax

The syntax for the Calibration query is defined as only a <QUERY PROGRAM HEADER>. The <common query
program header> in the <QUERY PROGRAM HEADER> is defined as “*CAL?.”

10.2.2.2 Response Syntax

The response syntax for the Calibration query is defined as a single <NR1 NUMERIC RESPONSE DATA>. The

<NR1 NU
10.2.3
A value of

calibration
completely

10.2.4 ReJated Common Commands

None.

10.2.5 Standard Compliance

Optional, 1

10.3 *CL

10.3.1 Fuhction and Requirements

The Clear
Command

If the Clea
and the M|
TERMINA
See Appen

10.3.2 Sy

MIERKIC KESFONSE DATA> shall be 1n the range or —32/06/ 10 32/6/.

zero indicates the calibration completed without any detected errors. A value not equal’to zero i
did not complete or completed with errors detected. The semantics of the honzero respon
at the discretion of the device designer.

equires no other optional commands.

S, Clear Status Command

[dle State and the OperationComplete Query Idle State, see 12.5.2 and 12.5.3.

r Status command immediately follows a <PROGRAM MESSAGE TERMINATOR>, the Ou
AV bit will be cledred because any new <PROGRAM MESSAGE> after a <PROGRAM 1
[TOR> clears the Qutput Queue, see 6.3.2.3.

lix D. for.adiscussion of the resetting actions of *CLS as they relate to other reset commands.

ntax

dicates the
ke shall be

Status command clears status data‘structures, see 11.1.2, and forces the device to the Operation Complete

put Queue
MESSAGE

c 1 =t Q PECIE T 1 1 LA A L ANTIN VS ANy A £ T a4 Ny oy
The SyntaK 10 tHIC TICAD STdiis COIITIAN IS UCHIICU d5 OIlly d SCUNINIAND FRUURANM NEADUERZ. T

command program header> in the <COMMAND PROGRAM HEADER> is defined as “*CLS.”

10.3.3 Semantics

Not applicable.

10.3.4 Re

None.

lated Common Commands
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10.3.5 Standard Compliance

Mandatory.

10.4 *DDT, Define Device Trigger Command

10.4.1 Fu

nction and Requirements

The Define Device Trigger command stores a command sequence that is executed when a group execute trigger
(GET), IEEE488 1 interface message or *TRG common command is received see 1037 The *RST common

command

If a device

hall set the command sequence to a device-defined state, see 10.32.

implements *DDT, there shall exist a command sequence to represent any GET or *TRG action.

documentation shall state the command sequence sent with the *DDT command that has the same effect ¢

the action

10.4.2 Sy

performed by GET.*TRG may be used for this purpose, see 10.4.6.3.

htax

There are two syntax formats for the Define Device Trigger command:

1) AJ<COMMAND PROGRAM HEADER> followed by a <PRQGRAM HEADER SEPARATOR

by an <ARBITRARY BLOCK PROGRAM DATA> element

2) A[<COMMAND PROGRAM HEADER> followed by a <PRROGRAM HEADER SEPARATOR]

Devices th

by a <STRING PROGRAM DATA> element

hit implement *DDT shall accept format (1) aboveyand may additionally accept format (2).

The <comgnon command program header> in the <COMMAND PROGRAM HEADER> is defined as “*

10.4.3 Se

mantics

The <ARBITRARY BLOCK PROGRAMDATA> or <STRING PROGRAM DATA> contains either the s
<PROGRAM MESSAGE UNIT> elements to be executed or a zero-length data field. A zero-length field in

no action
command,

NOTE —

vill be taken when a.group execute trigger (GET) IEEE 488.1 interface message or a *TR
see 10.37, is received.

[he alternate <STRING PROGRAM DATA> format may only contain 7 bit ASCII data bytes, thus restricti|

10.4.4 ReJated Common Commands

*DDT? —

This iS the companion query.

The device
s *RST on

> followed

> followed

DDT.”

equence of
Hicates that
5 common

hg its usage.

10.4.5 Standard Compliance

Optional, but requires the DT1 subset.

10.4.6 Error Handling

10.4.6.1 Oversized Command Sequence

An Execution Error, see 6.1.7 and 11.5.1.1.5, shall be reported if the block or string is too long for the device to accept.
The maximum length requirement shall be specified in the device’s documentation.
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10.4.6.2 Command Sequence Errors

Any Command or Execution Errors contained in the command sequence may be either detected immediately or
deferred until the macro is executed.

10.4.6.3 Sequence Containing *TRG

If the stored command sequence contains *TRG or the label of an enabled macro whose expansion leads to the
execution of *TRG, then the device may respond in one of the following two ways:

)

I
T
al
) T
t
t
(&

Which me
4.9.

10.4.7 Ex

*DDT #21

A GET will immediately trigger a waveform and perform a query that places the acquired waveform into t

Output Qu

10.5 *DOT?, Define Device Trigger Query

10.5.1 Fu

¢ device may consider this condition as being recursion. I'he application program can onlly stop this

ursion by sending DCL or SDC. The device may either allow recursion to take place indefinite
Execution Error at a device-specified level of recursion.
e device may interpret the *TRG as meaning the device should perform that default-action for

y or report

TRG, i.e.,

action assigned to *TRG by *RST. Thus, a sequence containing only *TRG sets.th¢ definition of *TRG

the *RST state. When *TRG is included with other commands or queries in(the sequence,
ecutes the commands, queries, and default *TRG action in the order specifiédin the sequence.

the device

od is chosen and the manner in which recursion is handled shall be stated4n the device documentation. See

ample

/TRIG WFM; MEASWFM?

Cuc.

hction and Requirements

he device's

The Defing Device Trigger query allowsthe programmer to examine the command sequence which will he executed

when a GHT or *TRG command s \received.

10.5.2Q

10.5.2.1

The syntax| for the Define Device Trigger query is defined as only a <QUERY PROGRAM HEADER>. The
query program’header> in the <QUERY PROGRAM HEADER> is defined as “*DDT?.”

ery Structure

uery Syntax

<common

10.5.2.2 Response Syntax

The response syntax for the Define Device Trigger query is defined as a <DEFINITE LENGTH ARBITRARY

BLOCK R

ESPONSE DATA> element.

10.5.3 Response Semantics

The <DEFINITE LENGTH ARBITRARY BLOCK RESPONSE DATA> element contains the sequence of
<PROGRAM MESSAGE UNIT> elements that are executed when a GET or *TRG is received.

The condit

ion of “no command sequence stored” results in a response of a zero-length block.
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IEEE 488.2

lated Common Commands

mplementation requires this optional command. This is the companion command.

10.5.5 Standard Compliance

Optional, but requires the DT1 subset.

10.6 *DL

F, Disable Listener Function Command

10.6.1 Function and Regquirements

The Disab
command
cease bein
13.4.1 for
capability.

10.6.2 Sy

The syntaj
followed i

the <COMMAND PROGRAM HEADER> is defined as “*DLFE.”

10.6.3 Semantics

The *DLH

parameters.

10.6.4 ReJated Common Commands

*AAD —

10.6.5 Standard Compliance

Optional.
10.6.6 Er

See 13.4.1

10.7 *DMC, Define Macro Command

e Listener Function command causes a device to cease being a listener (change to LO(Sub
s the first device-specific message received after the device leaves IEEE 488.1 DCAS state;-the d

The device shall resume listening within 100 ms after entering IEEE 488.1 DEAS state.

htax

hmediately by a <PROGRAM MESSAGE TERMINATOR>. The'<common command program|

command shall be immediately followed by~aZ<PROGRAM MESSAGE TERMINATOR

mplementation requires this optional‘command.

or Handling

and 13.4.2 for<further information.

-1992(E)

et). If this
evice shall

b a listener within 100 ms after the acceptance of the <PROGRAM MESSAGE TERMINATOR>. See
Hetailed implementation requirements of this command. A subsequent DCL message shall restpre listener

( for the Disable Listener Function command is defined as a <COMMAND PROGRAM HEADER>

header> in

> with no

10.7.1 Fu

. HRequ ,

The Define Macro command allows the programmer to assign a sequence of zero or more <PROGRAM MESSAGE
UNIT> elements to a macro label. The sequence is executed when the label is received as a <COMMAND
PROGRAM HEADER> or <QUERY PROGRAM HEADER>.

10.7.2 Sy

ntax

There are two syntax formats for the Define Macro command.

1) A <COMMAND PROGRAM HEADER> followed by a <PROGRAM HEADER SEPARATOR> followed
by a <STRING PROGRAM DATA> followed by a <PROGRAM DATA SEPARATOR> followed by an
<ARBITRARY BLOCK PROGRAM DATA> element.
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2) A <COMMAND PROGRAM HEADER> followed by a <PROGRAM HEADER SEPARATOR> followed
by a <STRING PROGRAM DATA> followed by a <PROGRAM DATA SEPARATOR> followed by
<STRING PROGRAM DATA> element.

Devices that implement *DMC shall accept format (1) above, and may additionally accept format (2).

The <common command program header> in the <COMMAND PROGRAM HEADER> is defined as “*DMC.”

10.7.3 Semantics

The first <
command
<compoun
header>, s
compound
considered

The macr
PROGRA)
<PROGRA
name. Tha

The <ARH
sequence g

NOTE —

Parameters
dollar sign
when used
element is

The placeh
description

7.7.7 descy

Devices th

b I KING PRUOGKAM DATIA> element contains the macro label. 1he macro Iabel shall be eithe
program header>, a <compound command program header>, a <simple query progranr-hed
l query program header>. The macro label shall not, however, be either a <common eommar
pe 7.6.1.2, or a <common query program header>, see 7.6.2.2. Any <white space>¢of a’leadin
headers are implemented), or both, appearing before the first character of a macro label s
a part of that label.

label may be the same as a device-specific <COMMAND PROGRAM HEADER> or]
Il HEADER>. In this case, provided macros are enabled, see 10.8.4, and-the macro label receiv|
M MESSAGE> shall be executed as the macro expansion, not as the'dévice-specific command
device-specific command may still be executed by disabling mactos.

ITRARY BLOCK PROGRAM DATA> or second <STRING PROGRAM DATA> element ¢|
f <PROGRAM MESSAGE UNIT> elements being labgled.

['he alternate <STRING PROGRAM DATA> format may’enly contain 7 bit ASCII data bytes, thus restricti|

may be passed to the sequence during execution. Placeholders for parameters appear in the seq
(ASCII codes 31-39, 49-57 decimal). Thefirst <PROGRAM DATA> element following the nj
as a header, is substituted for the parameter placeholder labeled $1. The second <PROGRA
substituted for $2. This substitution process is continued for up to nine parameters.

older must appear in the sequence as if it were a complete <PROGRAM DATA> element. See
of where <PROGRAM, DATA> elements are permitted in a <PROGRAM MESSAGE UNIT>
ibes how <PROGRAM:DATA> elements may appear in an <expression>.

Wt accept <compound command program header> and <compound query program header> elem

prefix the header-path before comparing the macro label against the stored macro names. The match shs

except for

NOTE —

he leadingcolon.

bince'different paths to the same :node may exist, all possible paths shall be considered when doing the co

Fa <simple
der>, or a
|d program
g colon (if
hall not be

<QUERY
ed within a
f the same

bntains the
hg its usage.
juence as a

acro label,
M DATA>

7.3.2 fora
Paragraph

ents should
11 be exact

mparison.

The heade

<compound query program header> elements that are not macros are received.

-palhl 1s Tormed In the same manner that 1s used when <compound command program hecader> and

NOTE — A macro label with an appended question mark should not imply any action other than the appropriate error response,
unless a separate *DMC command explicitly defining the query was received.

10.7.4 Re

lated Common Commands

*PMC — Implementation requires this optional command.

*GMC?

— Implementation requires this optional query.

*LMC — Implementation requires this optional command.

*EMC — Implementation requires this optional command.
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— Implementation requires this optional query.

*RMC — Implementation optional.

10.7.5 Standard Compliance

Optional.

10.7.6 Error Handling

10.7.6.1 Oversized Command Sequence

An Execut

The maxin

on Error, see 6.1.7 and 11.5.1.1.5, shall be reported if the block or string is too long for the devic|

jum length requirement is device-specific and shall be specified in the device documentation.

10.7.6.2 Mlacro Label Errors

A device s
The maxin

The devic
HEADER>

If a device

query prog
Execution

Macro lab
complexity

10.7.6.3 C

hall report an Execution Error if the macro label is too long for the deviee to’accept.
jum label length is device-specific and shall be specified in the device documentation.

shall report an Execution Error if the macro label does mnet.adhere to the <COMMAND H
- or <QUERY PROGRAM HEADER> syntax in 7.6.

does not implement compound headers, it shall only*alfow <simple command program header>
ram header> elements as macro labels. Deviees’that implement only simple headers shal
Frror if the macro label contains a colon.

shall be included in the device docuimentation.

fommand Sequence Errors

Any Comipand or Execution Errors contained in the command sequence may be either detected imm

deferred ui
10.7.6.4 K
Redefining

10.7.6.5 F

til the macro is executed.
edefining Existing Macros
an existing macro shall cause an Execution Error.

arameter Errors

e to accept.

ROGRAM

or <simple
report an

els that contain too many colon-separated mnemonics shall cause an Execution Error. The level of

ediately or

If the command sequence requires a different number of parameters than follow the macro label, the device shall
generate a Command Error. The device shall perform normal parameter checking after parameter substitution.

10.7.6.6 Recursion

If the sequence of <PROGRAM MESSAGE UNIT> elements contains the label of an enabled macro whose expansion
leads to execution of the macro being defined, then recursion will occur. The application program can only step this
recursion by sending DCL or SDC. The device may either allow recursion to take place indefinitely or report an
Execution Error at a device-defined level of recursion. The manner in which recursion is handled must be stated in the

device doc

umentation. See 4.9.
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10.7.7 Examples

1) *DMC“HOME”, #18MOVE 0,0
The macro descriptively labels a command that sends a pen plotter to its home position.
2) *DMC “SLO”, “SPEED SLOW’
The macro defines an abbreviation of a longer command, thus reducing bus traffic.
3) *DMC “SETUP1”, #221VOLT 14.5;CURLIM 2E-3
SETUP1 will be expanded by the device into VOLT 14.5;CURLIM 2E-3
4) *DMC “TEST_A”, “BEGINFREQ $1;ENDFREQ $2”
This example illustrates the use of parameters. This macro expects two parameters. The device interprets

TEST_AT000,2000 the same as BEGINFRKEQ 1000; ENDFREQ 2000.

5) *DMC “CLK_EXT” #219HORIZ:CLOCK:EXT:NEG
The command that selects an external clock for the horizontal trigger of an oscilloscope with ne
sqnsitivity is given a shorthand notation.

6) *PMC “SWEEP_SET”,“START $1;MARKI1 $1;STOP $2;MARK?2 $2”
This macro demonstrates the reuse of parameters. The first parameter is used to,se€bboth the star
aq well as the position of one of the markers. The second parameter sets the\stop frequency a

10.8 *EMC, Enable Macro Command

10.8.1 Fuhction and Requirements

The Enabl
command.
the same n

10.8.2 Sy

The syntax
<PROGRA
<common

10.8.3 Semantics

The value
disabled.

A <DECIN

A <DECIN

rker. SWEEP_SET 1E6,5E6 is equivalent to START 1EI6;MARK1 1E6;STOP SE6;MARK?2 ]

e Macro command enables and disables expansion of\macros. Macro definitions are not affed
One use of this command is to turn off macro expansion in order to execute a device-specific con
hme as a macro. The *RST command disables fHe\€xpansion of macros, see 10.32.

htax

for the Enable Macro command is.defined as a <COMMAND PROGRAM HEADER> fol

(M HEADER SEPARATOR> followed by a <DECIMAL NUMERIC PROGRAM DATA> el
command program header> in the <COMMAND PROGRAM HEADER> is defined as “*EM(

f the <DECIMALNUMERIC PROGRAM DATA> determines whether the defined macros are

(AL NUMERIC PROGRAM DATA> that rounds to an integer value of zero disables any defin

AL NUMERIC PROGRAM DATA> that rounds to an integer value not equal to zero enables §

bative edge

frequency
nd another
E6.

ted by this
imand with

owed by a
ement. The

29

enabled or

bd macros.

\ny defined

macros. Tt

1 1 PEEET I Ans Anm =
C dIIOWCU TdIIZC SIdll DC =52707 10 +54707.

10.8.4 Related Common Commands

*PMC
*GMC?
*DMC
*LMC
*EMC?
*RMC

— Implementation requires this optional command.
— Implementation requires this optional query.

— Implementation requires this optional command.
— Implementation requires this optional command.
— Implementation requires this optional query.

— Implementation optional.
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10.8.5 Standard Compliance

Optional.

10.8.6 Error Handling

If the <DECIMAL NUMERIC PROGRAM DATA> element does not round to an integer in the range of-32767 to
+32767 inclusive, an Execution Error shall be reported.

10.8.7 Example

Assume arl
following 1

*DMC “O

10.9 *EM

10.9.1 Fuhction and Requirements

The Enabl
indicates tf

10.9.2 Query Structure

10.9.2.1 ¢

The syntax
program hg

10.9.2.2 F

The respor]
<NR1 NU
(31, 49 deq

10.9.3 Response Semantics

A value of

ac power supply has a command of “OUTPUT” that requires two parameters: voltage andfreq
lew definition redefines “OUTPUT” to take only one parameter, voltage. The frequency~is_alwal

JTPUT” #228+*EMC *;0UTPUT $1,1000;*EMC 1

C?, Enable Macro Query

e Macro query allows the programmer to query whether the macros are enabled. A returned va
jat macros are disabled. A returned value of one indicates thaf)thacros are enabled.

duery Syntax

for the Enable Macro query is defined as @hly a <QUERY PROGRAM HEADER>. The <com
ader> in the <QUERY PROGRAM HEADER> is defined as “*EMC?.”

esponse Syntax
se syntax for the Enable Macro query is defined as a <NR1 NUMERIC RESPONSE DATA> el

imal).

zero indicates that macros are disabled. A value of one indicates that macros are enabled.

10.9.4 Re’ated Common Commands

uency. The
ys 1 kHz.

lue of zero

mon query

ement. The

MERIC RESPONSE DATA> shall be either a single ASCII-encoded byte for “0” (30, 48 deciial) or “1”

*PMC
*GMC?
*DMC
*LMC
*EMC
*RMC

— Implementation requires this optional command.
— Implementation requires this optional query.

— Implementation requires this optional command.
— Implementation requires this optional command.
— Implementation requires this optional command.
— Implementation optional.

10.9.5 Standard Compliance

Optional.
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10.10 *ESE, Standard Event Status Enable Command

10.10.1 Function and Requirements

The Standard Event Status Enable command sets the Standard Event Status Enable Register bits as defined in 11.5.1.3.

10.10.2 Syntax

The syntax for the Standard Event Status Enable command is defined as a <COMMAND PROGRAM HEADER>
followed by a <PROGRAM HEADER SEPARATOR> followed by a <DECIMAL NUMERIC PROGRAM DATA>

element.
46*ESE.’7

10.10.3 S

The <DEC]
represents

The value

10.10.4 Related Common Commands

*ESE? —
*PSC — [
10.10.5S
Mandatory
10.10.6 E

An out-of-

10.11 *E
10.11.1 F

The Stand.

e <common command program header> in the <COMMAND PROGRAM HEADER> 1s

pmantics

[IMAL NUMERIC PROGRAM DATA>, when rounded to an integer value and expressed in base
he bit values of the Standard Event Status Enable Register. See 11.4.2.3.

f the integer shall be in the range of O through 255.

[his is the companion query.
etermines whether the Standard Event Status EnableRegister is cleared at power-on.

tandard Compliance

fror Handling

Fange integer shall cause an Execution Error, see 11.5.1.1.5.

SE?, Standard Event Status Enable Query
inction and‘Requirements

ird Event Status Enable query allows the programmer to determine the current contents of th

Event Statyis Edable Register. See 11.5.1.3.
10.11.2 (Juwy'svuuure

10.11.21

defined as

2 (binary),

e Standard

Query Syntax

The syntax for the Standard Event Status Enable query is defined as only a <QUERY PROGRAM HEADER>. The
<common query program header> in the <QUERY PROGRAM HEADER> is defined as “*ESE?.”

10.11.2.2

Response Syntax

The response syntax for the Standard Event Status Enable query is defined as a <NR1 NUMERIC RESPONSE
DATA> element. The <NR1 NUMERIC RESPONSE DATA> shall be in the range of 0 through 255.
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10.11.3 Response Semantics

The <NR1 NUMERIC RESPONSE DATA> integer value expressed in base 2 (binary) represents the bit values of the

Standard E

vent Status Enable register. See 11.4.2.3.2.

10.11.4 Related Common Commands

*ESE —This is the companion command.

10.11.5 Standard Compliance

Mandatory

10.12 *E
10.12.1 F

The Stand

Event Statyis Register. Reading the Standard Event Status Register clears it. SeeM 1.5.1.2.

10.12.2 Query Structure

10.12.2.1

The syntax
<common

10.12.2.2

The respof
DATA> elg

10.12.3 Response Semantics

The <NR1
Standard H

10.12.4 Related Common Commands

SR?, Standard Event Status Register Query
inction and Requirements

ird Event Status Register query allows the programmer to determine the current contents of th

Query Syntax

for the Standard Event Status Register query is defined as only a <QUERY PROGRAM HEAI
query program header> in the <QUERY PROGRAM HEADER> is defined as “*ESR?.”

Response Syntax

1se syntax for the Standard Event Status Register query is defined as a <NR1 NUMERIC R
ment. The <NR1 NUMERIC RESPONSE DATA> shall be in the range of O through 255.

NUMERIC RESPONSE DATA> integer value expressed in base 2 (binary) represents the bit v
vent Status Register/ See 11.5.1.

e Standard

DER>. The

ESPONSE

hlues of the

None.

10.12.5 S dlluldld CUlllpiidllbU

Mandatory.

10.13 *GMC?, Get Macro Contents Query

10.13.1 Function and Requirements

The Get Macro Contents query allows the current definition of a macro to be retrieved from a device.
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10.13.2 Query Structure

10.13.2.1 Query Syntax

The syntax for the Get Macro Contents query is defined as a <QUERY PROGRAM HEADER> followed by a
<PROGRAM HEADER SEPARATOR> followed by a <STRING PROGRAM DATA> element. The <common query
program header> in the <QUERY PROGRAM HEADER> is defined as “*GMC?.”

10.13.2.2 Response Syntax

The respogse Symtax 1or the Get Macro Comntents query is delined as a <DEFINITE LENGTH ARBITRARY BLOCK
RESPONSE DATA> element.

10.13.3 Spmantics

10.13.3.1|Parameter Semantics
The data i} the <STRING PROGRAM DATA> element must be a currently defined mdcro label. Any <white space>
or a leadinjg colon (if compound headers are implemented), or both, appearing/befere the first character pf a macro
label shall not be considered a part of that label.

10.13.3.2|Response Semantics

The <DEKFINITE LENGTH ARBITRARY BLOCK RESPONSE'DATA> element contains the <AROGRAM
MESSAGE UNIT> sequence, which is executed when the macroJabel is received.

The conditjon of “no command sequence stored” results ifi.a response of a zero-length block.
10.13.4 Related Common Commands

*PMC + Implementation requires this optionral command.
*EMC 4 Implementation requires this @ptional command.
*EMC?|— Implementation requires this optional query.

*DMC 1 Implementation requires this optional command.
*LMC + Implementationreguires this optional command.

*RMC + Implementation optional.
10.13.5 Standard (Compliance

Optional.

10.13.6 Error Handling

If the programmer attempts to retrieve the contents of an undefined macro, the device shall return a zero-length block
and report an Execution Error.

10.14 *IDN?., Identification Query
10.14.1 Function and Requirements

The intent of the Identification query is for the unique identification of devices over the system interface.
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10.14.2 Query Structure
10.14.2.1 Query Syntax

The syntax for the Identification query is defined as only a <QUERY PROGRAM HEADER>. The <common query
program header> in the <QUERY PROGRAM HEADER> is defined as “*IDN?.”

10.14.2.2 Response Syntax
The response syntax for the Identification query is defined as an <ARBITRARY ASCII RESPONSE DATA> element.
This impliwmmROGRAM
MESSAGE>, see 6.5.7.5 and 8.7.11.

10.14.3 Response Semantics

The resporse is organized into four fields separated by commas. The field definitions are as(follows:

Field 1 Manufacturer required
Field 2 Model required
Field 3 Serial number ASCII character 0 if not available
Field 4 Firmware level or equivalent: ASCII character 0 if not available

INOTE — ASCII character “0” represents a single ASCH-encoded byte with value 30 (48 decimal).

The presence of data in all the fields is mandatory:-If either field 3 or 4 is not available, the ASCII charact¢r “0” shall
be returned for that field.

A field may contain any 7-bit ASCII-enceded bytes in the range of 20 through 7E (32 through 126 decithal) except
commas (2C, 44 decimal) and semicolons (3B, 59 decimal).

The overal| length of the *IDN@ response shall be less than or equal to 72 characters.
The precis¢ format of fields (except ASCII character 0 as meaning empty field) is left to the device designpr.

If unique sprial numbers are used, then ASCII character O shall not be used as a serial number.

10.14.4 Rralated Common Commands

None.

10.14.5 Standard Compliance

Mandatory.

10.14.6 Example

A hypothetical *IDN? response might appear as follows for a model 246B product from a company, XYZ Co, that has

chosen the mnemonic “XYZCO” to represent itself with serial number S000-123-02, and no firmware revision
specified.
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XYZCO0,246B,5000-0123-02,0

10.15 *IST?, Individual Status Query

10.15.1 Function and Requirements

The Individual Status query allows the programmer to read the current state of the IEEE 488.1 defined “ist” local
message in the device, see 11.6.2.

10.15.2 Query Structure

10.15.2.1|Query Syntax

The syntay for the Individual Status query is defined as only a <QUERY PROGRAM HEADER>. Thel <common
query program header> in the <QUERY PROGRAM HEADER> is defined as “*IST?.”

10.15.2.2|Response Syntax

The respor]se syntax for the Individual Status query is defined as a <NR1 NUMERIC RESPONSE DATA> element.
The <NR1|NUMERIC RESPONSE DATA> shall be a single ASCII-encoded byte encoded as a “0” or “17 (30 or 31,
48 or 49 dgcimal).

10.15.3 :['sponse Semantics

A <NR1 MERIC RESPONSE DATA> element with the value zero indicates the ist local message is FALSE.

A <NR1 NUMERIC RESPONSE DATA> element with.the value of one indicates that the ist local message is TRUE.

The respor]

se of this query is dependent upon the current status of the instrument.

10.15.4 Related Common Commands

None.
10.15.5 S

Mandatory

fandard Compliance

for devices implementing the PP1 subset.

10.16 *LMC?,L.earn Macro Query

10.16.1 F

This query

i | Requi I

returns the currently defined macro labels.

10.16.2 Query Structure

10.16.2.1

Query Syntax

The syntax for the Learn Macro query is defined as only a <QUERY PROGRAM HEADER>. The <common query
program header> in the <QUERY PROGRAM HEADER> is defined as “*LMC?.”
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10.16.2.2 Response Syntax

The response syntax for the Learn Macro query is defined as a sequence of one or more <STRING RESPONSE
DATA> elements each separated by a <KRESPONSE DATA SEPARATOR>.

10.16.3 Response Semantics
The <STRING RESPONSE DATA> elements contain macro labels currently defined in the device. See 10.7.

If no macro labels are defined, then the response shall be a single <STRING RESPONSE DATA> with null string data,
that is, twg consecutive double quote (3) marks.

The resporse is independent of the macro-enabled or macro-disabled state of the device.
10.16.4 Related Common Commands
See 10.22.

*PMC + Implementation requires this optional command.
*DMC {1 Implementation requires this optional command.
*EMC + Implementation requires this optional command.
*EMC?|— Implementation requires this optional query.
*GMC?|— Implementation requires this optional query.

*RMC + Implementation optional.
10.16.5 Standard Compliance

Optional.

10.17 *LRN?, Learn Device Setup Query
10.17.1 Function and Requirements

The Learn| Device Setup query.allows the programmer to obtain a sequence of<RESPONSE MESSAGE UNIT>
elements that may later be used'as <PROGRAM MESSAGE UNIT> elements to place the device in the stgte it was in

when the JLRN? commen;query was made.

10.17.2 Query Structure

10.17.2.1|Query Syntax

The syntax for the Learn Device Setup query is defined as only a <QUERY PROGRAM HEADER>. The <common
query program header> in the <QUERY PROGRAM HEADER> is defined as “*LRN?.”

10.17.2.2 Response Syntax
The response syntax for the Learn Device Setup query is defined as a sequence of one or more <RESPONSE

MESSAGE UNIT> elements separated by <RESPONSE MESSAGE UNIT SEPARATOR> elements. The
<RESPONSE MESSAGE UNIT> shall use the path, shown in Fig 8-3, that contains the <RESPONSE HEADER>.
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10.17.3 Response Semantics

The <RESPONSE MESSAGE> is a sequence of one or more <RESPONSE MESSAGE UNIT> elements that are

directly resendable as <PROGRAM MESSAGE UNIT> elements.

The device shall be restored to its “learned” state from any other current state (including the state after *RST) upon

receipt of this <KRESPONSE MESSAGE> as a <PROGRAM MESSAGE>.

The scope of the restored settings is the same as the optional *SAV command, see 10.33.1.

3 g
he device designer shall 1mplement the necessary <PROGRAM MESSAGE UNIT> elements needed 1
tion.

10.17.4 Related Common Commands
None.
10.17.5 Standard Compliance

Optional.

10.18 *OPC, Operation Complete Command
10.18.1 Function and Requirements

The Operation Complete command causes the device to‘generate the operation complete message in th

Event Statis Register when all pending selected deyice operations have been finished. See 12.5.2.2 for

operation.
10.18.2 Syntax

The syntay for the Operation Complete command is defined as only a <COMMAND PROGRAM HEAI
<common pommand program header>in the <COMMAND PROGRAM HEADER> is defined as “*OPC

10.18.3 Spmantics
Not applicgble.

10.18.4 Related:=Common Commands

*OPC?, *WAL

10.18.5 Standard Compliance

Mandatory.

10.19 *OPC?, Operation Complete Query

10.19.1 Function and Requirements

barn string>.
o cause this

e Standard
details of

DER>. The

E2)

The Operation Complete query places an ASCII character “1” into the device's Output Queue when all pending

selected device operations have been finished. See 12.5.3 for details of operation.
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10.19.2 Query Structure

10.19.2.1

Query Syntax

The syntax for the Operation Complete query is defined as only a <QUERY PROGRAM HEADER>. The <common
query program header> in the <QUERY PROGRAM HEADER> is defined as “*OPC?.”

10.19.2.2

Response Syntax

The response syntax for the Operation Complete query is defined as a <NR1 NUMERIC RESPONSE DATA>

element. T

10.19.3 Response Semantics

None.

10.19.4 Related Common Commands
*OPC, *WAI
10.19.5 Standard Compliance

Mandatory

10.20 *OPT?, Option Identification Query

10.20.1 F

The Option Identification query is for identifying reportable device options over the system interface.

10.20.2 Query Structure

10.20.2.1

The syntax for the Option Identification query is defined as only a <QUERY PROGRAM HEADER>. The
query program header> in the <QUERY PROGRAM HEADER> is defined as “*OPT?.”

10.20.2.2

The respor]se syntax for the Option Identification Query is defined as an <ARBITRARY ASCII RESPON
element. Thisdmplies that the *OPT? query should be the last <QUERY MESSAGE UNIT> in a <TER

e <NKI1 NUMEKIC KRESFONSE DATA> shall be a single ASCII-encoded byte 1or "1™ (51, 43

inction and Requirements

Query Syntax

ResponseSyntax

decimal).

<common

SE DATA>
MINATED

1TQ 7 11

PROGRAL!

10.20.3 Response Semantics

The response consists of any number of fields separated by commas.

The fields shall follow these rules:

1) Each field shall correspond to a reportable option present in the device. The precise format of the fields is left
to the device designer.
2) Empty fields are prohibited. Missing reportable options respond with an ASCII character “0” (30, 48
decimal).
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3) Option data may be reported in a position-dependent manner.
4) A single ASCII character “0” shall be returned as a response if the device contains no reportable options.
ASCII character “0” may not be used as an option identification.
5) A field may contain any 7 bit ASCII-encoded bytes in the range of 20 through 7E (32 through 126 decimal)
except commas (2C, 44 decimal) and semicolons (3B, 59 decimal).

The overall length of the *OPT? response shall be less than or equal to 255 characters.

10.20.4 Related Common Commands

None.
10.20.5 S

Optional.

10.21 *P
10.21.1 F

The Pass G
the control
control (T(

Any devicy
shall implg

10.21.2S

The syntax
<PROGRA
optionally
DATA> elg
as “*PCB.
through 30,
range of 0

10.21.3 S

The first <1
the primar)

fandard Compliance

CB, Pass Control Back

lnction and Requirements

CT).

ment this command.

yntax

The first <DECIMAL NUMERIC PROGRAM DATA> shall round to an integer value in the
The second <DECIMAL NUMERIC PROGRAM DATA>, if present, shall round to an integer
through 30.

pmantics

 address of the controller sending the command.

ontrol Back command is used by a controller to tell a device, being a potential controller, to which address
is to be passed back when the device (acting as a controller) sends the IEEE 488.1 interface mgssage, take

 that implements this command shall have controllercapability. Any device that has controller capability

for the Pass Control Back command.is defined as a <COMMAND PROGRAM HEADER> followed by a
M HEADER SEPARATOR> followed by a <DECIMAL NUMERIC PROGRAM DATA> element
followed by a <PROGRAM DATA SEPARATOR> and another <DECIMAL NUMERIC FROGRAM
ment. The <common commarnd program header> in the <COMMAND PROGRAM HEADER? is defined

range of 0
alue in the

DECIMAL NUMERIC PROGRAM DATA> element is rounded to an integer whose value is interpreted as

The second <DECIMAL NUMERIC PROGRAM DATA> element is rounded to an integer whose value is interpreted
as the secondary address of the controller sending the command.

A missing second address shall indicate the controller sending this command does not have extended addressing.

10.21.4 Related Common Commands

None.
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10.21.5 Standard Compliance

Mandatory for devices that have any controller capability (non-CO devices). See 15.1.4.
10.21.6 Error Handling

10.21.6.1 Unable to Pass Control

A device with no controller capability (CO) shall issue a Command Error if it receives the *PCB common command.

10.21.6.2[Parameters Out-of-Range

The devic¢ receiving the *PCB command shall issue an Execution Error if the value of either the)firs{ or second
parameter |s out of its specified range.

10.22 *PMC, Purge Macros Command
10.22.1 Function and Requirements

The Purge [Macros command causes the device to delete all macros that may‘have been previously definefl using the
*DMC copimand. All stored macro command sequences and labels shall, be removed from the device's fnemory by
this command.

10.22.2 Syntax

The syntax for the Purge Macros command is defined\as only a <COMMAND PROGRAM HEAIDER>. The
<common pommand program header> in the <COMMAND PROGRAM HEADER> is defined as “*PM({.”

10.22.3 Semantics
Not applicgible.
10.22.4 Related Common Commads

*EMC 4 Implementation requires this optional command.
*EMC?|— Implementation-requires this optional query.
*GMC?|— Implemefitation requires this optional query.
*DMC 1 Implementation requires this optional command.
*LMC + Implementation requires this optional command.

*RMC +-\Implementation optional.

10.22.5 Standard Compliance

Optional.

10.23 *PRE, Parallel Poll Enable Register Command
10.23.1 Function and Requirements

The Parallel Poll Enable Register command sets the Parallel Poll Enable Register bits as defined in 11.6.
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10.23.2 Syntax

The syntax for the Parallel Poll Enable Register command is defined as a <COMMAND PROGRAM HEADER>
followed by a <PROGRAM HEADER SEPARATOR> followed by a <DECIMAL NUMERIC PROGRAM DATA>
element. The <common command program header> in the <COMMAND PROGRAM HEADER> is defined as
“*PRE.” The <DECIMAL NUMERIC PROGRAM DATA> value shall round to an integer in the range of 0 through

65535.

10.23.3 Semantics

The <DEC|

represents

he bit values of the Parallel Poll Enable Register. See 11.6.1.3.

10.23.4 Related Common Commands

*PRE? —

This is the companion query.

10.23.5 Standard Compliance

Mandatory| for devices implementing the PP1 subset.

10.23.6 E

rror Handling

If the integer is outside the range of 0 to 65535 inclusive, an Execition Error shall be reported, see 11.5.1.

10.24 *P

10.24.1 F

The Parallg

RE?, Parallel Poll Enable Register Query

inction and Requirements

Enable Register.

10.24.2 Query Structure

10.24.2.1

The syntax

<common

10.24.2.2

Query Syntax

query prograin header> in the <QUERY PROGRAM HEADER> is defined as “*PRE?.”

Respaonse Syntax

1 Poll Enable Register query allows<the programmer to determine the current contents of the P

for the Parallel\Poll Enable Register query is defined as only a <QUERY PROGRAM HEA]

[MAT NUMERIC PROGRAM DATA>, when rounded to an integer value and expressed in basq| 2 (binary),

1.5.

arallel Poll

DER>. The

The respor
element. T

sesymtax for tie Paratte Polt Emabte Registerquery s defimed-as a<INRITINOMERIC RESPON

he <NR1 NUMERIC RESPONSE DATA> value is an integer in the range of 0 through 65535.

10.24.3 Response Semantics

SE DATA>

The <NR1 NUMERIC RESPONSE DATA> integer value expressed in base 2 (binary) represents the bit values of the
Parallel Poll Enable Register. See 11.6.1.2.

10.24.4 Related Common Commands

*PRE — This is the companion command.
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10.24.5 Standard Compliance

Mandatory for devices implementing the PP1 subset.

10.25 *PSC, Power-On Status Clear Command
10.25.1 Function and Requirements

The Power-On Status Clear command controls the automatlc power-on clearlng of the Serv1ce Requ

registers. This command may also affect the clearlng of other status reglsters See 5 12. No other dev1ce funl
be tied to this command. For additional IEEE 488.2 power-on requirements, see 5.12.

10.25.2 Syntax

The syntax for the Power-On Status Clear command is defined as a <COMMAND PROGRAM HEADER
by a <PROGRAM HEADER SEPARATOR> followed by a <DECIMAL NUMERIC-PROGRAM DATA
The <common command header> in the <COMMAND PROGRAM HEADER> is defined as “*
<DECIMAL NUMERIC PROGRAM DATA> value shall be in the range of —3276/7 through +32767.
10.25.3 Spmantics

The value pf the <DECIMAL NUMERIC PROGRAM DATA> deterimines whether the power-on-status-c
the device [is TRUE or FALSE.

A <DECIMAL NUMERIC PROGRAM DATA> that rounds\to an integer value of zero sets the power-on-
flag FALSE. Sending *PSC 0, therefore, allows instruménts to assert SRQ after power-on.

A <DECINIAL NUMERIC PROGRAM DATA> that rounds to an integer value not equal to zero sets the
status-cleaf flag TRUE. Sending *PSC 1, therefore, enables the power-on clear and disallows any SRQ ass|
power-on.
10.25.4 Related Common Commands

*PSC? — [mplementation requires this optional command. This is the companion query.
10.25.5 Standard Compliance

Optional.

10.25.6 Efror Handling

est Enable

event enable

ctions shall

> followed

> element.

PSC.” The

lear flag of

tatus-clear

power-on-
ertion after

If the integer is outside the range of —32767 to +32767 inclusive, an Execution Error shall be reported, see
10.25.7 Example

The command sequence *PSC 0;*SRE 32;*ESE 128; allows a device to assert SRQ upon completion of p
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10.26 *PSC?, Power-On Status Clear Query

10.26.1 Function and Requirements

The Power-On Status Clear query allows the programmer to query the device's power-on-status-clear flag. A returned
value of zero indicates that the Standard Event Status Enable Register, Service Request Enable Register, and the
Parallel Poll Enable Register will retain their status when power is restored to the device. A returned value of one

indicates that the registers listed above will be cleared when power is restored to the device, see 11.1.3.

10.26.2 Query Structure

10.26.2.1|Query Syntax

The syntax for the Power-On Status Clear query is defined as only a <QUERY PROGRAM"HEAIDER>. The
<common fuery program header> in the <QUERY PROGRAM HEADER> is defined as “*PSC?.”

10.26.2.2|[Response Syntax
The respofise syntax for the Power-On Status Clear query is defined as omly~a <NR1 DECIMAL NUMERIC
RESPONSE DATA> element. The <NR1 DECIMAL NUMERIC RESPONSE DATA> shall be either a single ASCII-
encoded byte for “0” (30, 48 decimal) or “1” (31, 49 decimal).

10.26.3 Response Semantics

A value of|zero indicates the device's power-on-status-clear fldg\is FALSE.

A value ofjone indicates the device's power-on-status cledr.flag is TRUE.

10.26.4 Related Common Commands

*PSC — Implementation requires this optional command. This is the companion command.

10.26.5 Standard Compliance

Optional.

10.27 *PUD, Protected User Data Command
10.27.1 Function\and Requirements
The ProtectedUser Data command stores data unique to the device such as calibration date, usage time, environmental

conditions, and inventory control numbers. A minimum of 03 bytes shall be provided. 1he size ot this area shall be
specified in the device documentation, see 4.9.

The data shall be protected by some means (such as a password or a recessed switch whose access hole can be covered
by a protective sticker). The exact protection mechanism is a device designer decision.

Data can be stored only when the protection mechanism is disabled. An enabled protection mechanism shall cause an
Execution Error to be generated when a *PUD command is received.

The contents of this memory is for data storage only and shall have no effect on device operation except in the
response to the *PUD? query, see 10.28.
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10.27.2 Syntax

There are two syntax formats for the Protected User Data command:

1) A <COMMAND PROGRAM HEADER> followed by a <PROGRAM HEADER SEPARATOR> followed
by an <ARBITRARY BLOCK PROGRAM DATA> element
2) A <COMMAND PROGRAM HEADER> followed by a <PROGRAM HEADER SEPARATOR> followed
by a <STRING PROGRAM DATA> element

Devices that implement *PUD shall accept format (1) above, and may additionally accept format (2).

The <comt

10.27.3 S

The semantic meaning of the <ARBITRARY BLOCK PROGRAM DATA> or <STRING PROGRA

element is
NOTE —
10.27.4 R
*PUD? —
10.27.5 S
Optional.
10.27.6 E
When the

bit ASCII
Error shall

An enable( protection mechanismshall cause an Execution Error to be generated when a *PUD command

10.28 *P

10.28.1 F

The Proteqted User Data query allows the programmer to retrieve the contents of the *PUD storage area.

command,

non command program header> in the <COMMAND PROGRAM HEADER> is defined as\**

pmantics

beyond the scope of this standard.

['he alternate <STRING PROGRAM DATA> format may only contain 7 bit ASCIVdata bytes, thus restricti|
elated Common Commands

Implementation requires this optional command. This is the.companion query.

fandard Compliance

fror Handling
humber of 8§ bit data bytes in the <ARBITRARY BLOCK PROGRAM DATA> format or the n|

lata bytes in the <STRING PROGRAM DATA> format is more than the size provided, then an
be generated.

UD?, Protected User Data Query

inction. and Requirements

PUD.”

M DATA>

hg its usage.

umber of 7
Execution

s received.

See *PUD

1097
To =7+

10.28.2 Query Structure

10.28.2.1

Query Syntax

The syntax for the Protected User Data query is defined as only a <QUERY PROGRAM HEADER>. The <common
query program header> in the <QUERY PROGRAM HEADER> is defined as “*PUD?.”
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10.28.2.2

Response Syntax

The response syntax for the Protected User Data query is defined as a <DEFINITE LENGTH ARBITRARY BLOCK

RESPONS

E DATA> element.

10.28.3 Response Semantics

The data content of the <DEFINITE LENGTH ARBITRARY BLOCK RESPONSE DATA> shall be the data last sent
to, and accepted by, the device as a parameter to the *PUD command. See 10.27.

10.28.4 Rpfated Common Commands

*PUD — Implementation requires this optional command. This is the companion command.

10.28.5S

Optional.

10.29 *R
10.29.1 F

The *RCL|
*RCL com
explicitely

To avoid 1
mechanisn
mechanisny

10.29.2 S

The synta
<PROGRA
<common
<DECIMA

10.29.3 S

The <DEC
device.

tandard Compliance

CL, Recall Command
inction and Requirements

command restores the current settings of a device from & copy stored in local memory. The s
mand is the same as *RST and the *LRN? response, See*10.32.1 and 10.17.3. Device documen|
mention the device settings that are restored by *RCL.

nadvertant recall of a stored setting, the use of this command may be protected by a passwo|
. Design and use of this mechanism is a deyice designer decision. It is recommended that any]
be clearly documented.

yntax

k for the Recall command-is defined as a <COMMAND PROGRAM HEADER> foll
(M HEADER SEPARATOR> followed by <DECIMAL NUMERIC PROGRAM DATA> eld
command program (header> in the <COMMAND PROGRAM HEADER> is defined as “*
L NUMERIC PROGRAM DATA> value shall be in the range of O through a device-specified uf

pmantics

[MAL NUMERIC PROGRAM DATA> element shall be rounded to an integer before interpretd

tope of the
tation shall

rd or other
protection

wed by a
ment. The
RCL.” The
per bound.

tion by the

The device shall recall the settings of the device from a memory register associated with the received integer.

The upper bound for the register number shall be the same for both the *SAV and *RCL commands, see 10.33.4.

The value zero is recommended for any special purpose register, such as a predefined power-on setup.

NOTE — If nis a valid register number, receiving *RCL # is equivalent to receiving *RST,*RCL n.

10.29.4 R

elated Common Commands

*SAV — Implementation requires this optional command.

*SDS — Implementation optional.
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10.29.5 Standard Compliance

Optional.

10.29.6 Error Handling

An interpreted value outside of the allowable range shall cause an Execution Error.

The device may generate an Execution Error when the recall of a previously initialized register is attempted, for
example, after a power-on or after a receipt of a Save Default Device Settings command, *SDS. See 10.41.

An enabled protection mechanism shall cause an Execution Error to be generated when a *RCL command'|s received.

10.30 *RPT, Resource Description Transfer Command
10.30.1 Function and Requirements
The Resoufce Description Transfer command allows a Resource Description to be stored in a device.

This commnjand retrieves information describing such characteristics as device‘performance, programming fodes, etc.,
in a standafd structure. This structure for Resource Descriptors is under development by the IEEE.

The data shall be protected by some means (such as a password or a técessed switch whose access hole can|be covered
by a protedtive sticker). The exact protection mechanism is a deyice designer decision.

Data can bg stored only when the protection mechanism ig\disabled.

This memqry is for data storage only and its contents/shall have no effect on device operation except in tlje response
to the *RDIT? query, see 10.31.

10.30.2 Syntax

There are two syntax formats for the Resource Description Transfer Command:
1) A|<COMMAND PROGRAM HEADER> followed by a <PROGRAM HEADER SEPARATOR}> followed

by an <ARBITRARYBLOCK PROGRAM DATA> element

2) A[<COMMANB-PROGRAM HEADER> followed by a <PROGRAM HEADER SEPARATORp> followed

by a <STRING PROGRAM DATA> element

Devices that implement *RDT shall accept format (1) above, and may additionally accept format (2).

The <comimomcommrand progrant header>Tm thie RCOMMAND PROGRAM HEADER> s defimredas““*RDT.”
10.30.3 Semantics

The semantic meaning of the <KABRITRARY BLOCK PROGRAM DATA> or <STRING PROGRAM DATA>
element is beyond the scope of this standard.

NOTE — The alternate <STRING PROGRAM DATA> format may only contain 7 bit ASCII data bytes, thus restricting its usage.
10.30.4 Related Common Commands

*RDT? — Implementation requires this command. This is the companion query.
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10.30.5 Standard Compliance

Optional.

10.30.6 Error Handling

10.30.6.1 Protected Data

An enabled protection mechanism shall cause an Execution Error to be generated when a *RDT command is received.

10.30.6.2

A block lepgth or string length greater than the device can accept shall generate an Execution Error. Tl
documentation must specify the maximum block length.

10.31 *R
10.31.1 F

The Resou|
Descriptio

10.31.2 Query Structure
10.31.2.1

The syntax for the Resource Description Transfer querylis defined as only a <QUERY PROGRAM HEAI
<common

10.31.2.2

The response syntax for the Resource Deseription Transfer query is defined as a <DEFINITE LENGTH AR
BLOCK RESPONSE DATA> element.

10.31.3 Response Semantics

A nonzero
or exactly

A zero-len|

10.31.4 Retated-€CommonC€ommands

[Oversized BIock

DT?, Resource Description Transfer Query
inction and Requirements

fce Description Transfer query allows a Resource Description to bé.retrieved from a device. Th|
@ may be memory or in a read-write memory settable by the *RDT command.

Query Syntax

query program header> in the <QUERY ‘PROGRAM HEADER> is defined as “*RDT?.”

Response Syntax

length block shall'contain Resource Description data that is either the defined built-in Resource 1
vhat was sent to the device with the last *RDT common command.

bth block indicates that the device contains no Resource Description data.

e device’s

e Resource

DER>. The

BITRARY

Description

*RDT — This is the companion command.

10.31.5 Standard Compliance

Optional.
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10.32 *RST, Reset Command

10.32.1 Function and Requirements

The Reset command performs a device reset. The Reset command is the third level of reset in a three-level reset

strategy, se

e 17.1.2 and Appendix D. The Reset command shall do the following:

1)  Except as explicitly excluded below, set the device-specific functions to a known state that is independent of
the past-use history of the device. Device-specific commands may be provided to program a different reset
state than the original factory-supplied one.

2) S
3) D
4) F

5) Fgrce the device into the OQIS state, see 12.5.3.

The reset g

1))
2)
3)
4)

5)

T
T
T
Al
1
Al
1

6) T

7 M

8) C

9 T

10) T

1) T

12) T

13) T

The scope
10.32.2 S

The syntaj
command

10.32.3 S

t the macro defined by *DD'T to a device-defined state, see 10.4.
jsable macros, see 10.8.
rce the device into the OCIS state, see 12.5.2.

ommand explicitly shall NOT affect the following:

he state of the IEEE 488.1 interface.

he selected IEEE 488.1 address of the device.

e Output Queue.

ny Event Enable Register setting, including the Standard Evént Status Enable Register sq
4.234and 11.5.1.3.4.

ny Event Register setting, including the Standard Evefit“Status Register settings, see 11.4
S5.1.24.

he power-on-status-clear flag setting.

acros defined with the Define Macro Contents cofadmand.
hlibration data that affects device specifications:

he Protected User Data query response.

he Resource Description Transfer query_response.

he Service Request Enable Register setting, see 11.3.2.4.
he Parallel Poll Enable Register setting, see 11.6.1.4.

he memory register(s) associated.with *SAV.

yntax

for the ReSet~command is defined as only a <COMMAND PROGRAM HEADER>. The
brogram Header> in the <COMMAND PROGRAM HEADER> is defined as “*RST.”

pmantics

pf the *LRN? response and *RCL (if implemented) is the same as *RST. See 10.17.3 and 10.29.3.

Not applicable.

10.324 R

See 10.32.

elated Common Commands

1.

10.32.5 Standard Compliance

Mandatory.
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10.33 *SAV, Save Command

10.33.1 Function and Requirements

The *SAV command stores the current settings of the device in local memory. The scope of the *SAV command is the
same as *RST and the *LRN? response. See 10.32.1 and 10.17.3. Device documentation shall explicitly mention the

device settings that are restored by *RCL.

10.33.2 Syntax

The syntay for the Save command 1s defined as a <COMMAND PROGRAM HEADER> followed by a <BROGRAM
HEADER |SEPARATOR> followed by a <DECIMAL NUMERIC PROGRAM DATA> element.(The| <common
command program header> in the <COMMAND PROGRAM HEADER> is defined as “*SAV*The <DECIMAL
NUMERIC PROGRAM DATA> value shall be in the range of O through a device-specified upper bound.
10.33.3 Spmantics

The <DECIMAL NUMERIC PROGRAM DATA> element shall be rounded to an integer before interpretdtion by the
device.

The devicq shall save the current settings of the device in a memory registef associated with the interpretefl integer.
The upper pound for the register number shall be the same for both ¢he’*SAV and *RCL commands, see 10.29.
The value fzero is recommended for any special purpose register, such as a predefined power-on setup.
10.33.4 Related Common Commands

*RCL — Implementation requires this optional command.

*SDS — Implementation optional.
10.33.5 Standard Compliance
Optional.
10.33.6 Efror Handling
A value outside the allowable range shall cause an Execution Error. A device may have the ability to [protect the

informatiof in the memory registers. If this mechanism is enabled, attempting to save the current state off the device
shall cause{ an Execution Error.

10.34 *SRE, Service Request Enable Command

10.34.1 Function and Requirements

The Service Request Enable command sets the Service Request Enable Register bits as defined in 11.3.2.

10.34.2 Syntax

The syntax for the Service Request Enable command is defined as a <COMMAND PROGRAM HEADER> followed
by a <PROGRAM HEADER SEPARATOR> followed by a <DECIMAL NUMERIC PROGRAM DATA> element.

The <common command header> in the <COMMAND PROGRAM HEADER> is defined as “*SRE.” The
<DECIMAL NUMERIC PROGRAM DATA> value is in the range of O through 255.
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10.34.3 Semantics

The <DECIMAL NUMERIC PROGRAM DATA>, when rounded to an integer value and expressed in base 2 (binary),
represents the bit values of the Service Request Enable Register. See 11.3.2.3.

For all bits except bit 6, a bit value of one shall indicate an enabled condition. A bit value of zero shall indicate a
disabled condition. See 11.3.2.3. The bit value of bit 6 shall be ignored.

10.34.4 Related Common Commands

*PSC
*SRE? {

10.345S
Mandatory
10.34.6 E

The device

10.35*S
10.35.1 F

The Servid
Enable Rej

Determines whether the Service Kequest Enable Kegister 1s cleared at power-on.

— This is the companion query.

fandard Compliance

rror Handling

shall generate an Execution Error if an out-of-range parameter is &eceived.

RE?, Service Request Enable Query
inction and Requirements

e Request Enable query allows the programmei\to determine the current contents of the Servi
bister, see 11.3.2.

10.35.2 Query Structure

10.35.2.1

The syntaj
<common

10.35.2.2

The respof
element. T

Query Syntax

( for the Service Request Enable query is defined as only a <QUERY PROGRAM HEAI
query program headers:in'the <QUERY PROGRAM HEADER> is defined as “*SRE?.”

Response Syntax

se syntax for the Service Request Enable query is defined as a <NR1 NUMERIC RESPON
he <NRISNUMERIC RESPONSE DATA> shall be in the range of O through 63 or 128 through

ce Request

ER>. The

SE DATA>
191.

10.35.3 Response Semantics

When converted to binary (base 2), the <NR1 NUMERIC RESPONSE DATA> represents the current bit values of the
Service Request Enable Register. Bit 6 of the binary representation shall always be sent with value zero.

10.35.4 Related Common Commands

*SRE — This is the companion command.

10.35.5 Standard Compliance

Mandatory.

[ Published by IEC under licence from IEEE. © 1992 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=cb13da4dba8dcea41a17ac147844da91

IEC 60488-2:2004(E) - 145 -
IEEE 488.2-1992(E)

10.36 *STB?, Read Status Byte Query

10.36.1 Function and Requirements

The Read Status Byte query allows the programmer to read the status byte and Master Summary Status bit.

10.36.2 Query Structure

10.36.2.1

Query Syntax

The synta
query prog

10.36.2.2

The respor]
The <NR1

10.36.3 Response Semantics

The <NR1
Status Bytg

The MSS

10.36.4 Related Common Commands

None.
10.36.5 S

Mandatory

10.37 *T

10.37.1 F

The Trigger commandi§ the device-specific analog of the IEEE 488.1 defined Group Execute Trigger (GE]
message, ahd has exdetly the same effect as a GET when received, parsed, and executed by the device. GE]

is discusse

for the Read Status Byte query 1s defined as only a <QUERY PROGRAM HEADER>. "Lhe
ram header> in the <QUERY PROGRAM HEADER> is defined as “*STB?.”

Response Syntax

se syntax for the Read Status Byte query is defined as a <NR1 NUMERIC RESPONSE DATA
NUMERIC RESPONSE DATA> value shall be in the range of 0 through 255:

NUMERIC RESPONSE DATA> integer value expressed in base(2 (binary) represents the bit v
Register, see 11.2.2.2.

Master Summary Status) bit, not the RQS message, is teported on bit-6, see 11.2.2.3.

fandard Compliance

RG, Trigger Command

inction and Requirements

1 in detail in 6.1.4.2.5.

<common

> element.

hlues of the

[) interface
[ operation

NOTE — tha

10.37.2 Syntax

The syntax for the Trigger command is defined as only a <COMMAND PROGRAM HEADER>. The <common
command program header> in the <COMMAND PROGRAM HEADER> is defined as “*TRG.”

10.37.3 Semantics

Not applicable.
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10.37.4 Related Common Commands

*DDT — This optional command may be used to define the action of *TRG.

10.37.5 Standard Compliance

Mandatory for devices implementing the DT1 subset.

10.38 *TST?, Self-Test Query

10.38.1 F

The self-te
the device
completed
documenta

The *TST
to the IEE
at the disc

Upon succ
fixed, knov
memory.

10.38.2 Query Structure

10.38.2.1

The syntay
program hg

10.38.2.2

The respot
NUMERI(

10.38.3 Response-Semantics

A <NR1 N
detected.

inction and Requirements

5t query causes an internal self-test and places a response into the Output Queue indicating whg
completed the self-test without any detected errors. Optionally, information on why |the self-t
may be contained in the response. The scope of the internal self-test shallVappear in
tion, see 4.9.

query shall not require any local operator interaction. It shall not create bus conditions that arg
Std 488.1-1987 [4] or IEEE Std 488.2-1992 standards. Otherwisesthiesscope of the self-test is

tion of the device designer.

essful completion of *TST?, the device settings shall be re§tored to their values prior to the *T|
n values that are stated in the device documentation; or, sef to values defined by the user and sto

Query Syntax

for the Self-Test query is defined<as’ only a <QUERY PROGRAM HEADER>. The <com|
ader> in the <QUERY PROGRAM HEADER> is defined as “*TST?.”

Response Syntax

ise syntax for the Self-Test query is defined as a <NR1 NUMERIC RESPONSE DATA>
RESPONSE DATA> value shall be in the range of —32767 through +32767.

ther or not
St was not
the device

violations
completely

ST?; set to
red in local

mon query

The <NR1

UMERIC RESPONSE DATA> with the value of zero indicates the self-test has completed without errors

A <NR1 NUMERIC RESPONSE DATA> with the value not equal to zero indicates the self-test was not completed or
was completed with errors detected.

The semantics of the nonzero response otherwise shall be completely at the discretion of the device designer.

10.38.4 R

elated Common Commands

Not applicable.
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10.38.5 Standard Compliance

Mandatory.

10.39 *WAI, Wait-to-Continue Command

10.39.1 Function and Requirements

The Wait-to-Continue command shall prevent the device from executing any further commands or queries until the no-

Operation_npnding ﬂﬁg is TRIUUE See 1251

NOTE —

10.39.2 S

The syntay
<common

10.39.3 S

Not applic

10.39.4 Related Common Commands

*OPC, *O
10.39.5 S

Mandatory

10.40 *RMC, Remove Individual Macro Command

10.40.1 F

The Remo

10.40.2 S

The syntax for the=Remove Individual Macro command is defined as a <COMMAND PROGRAM 1

followed b,

n a device that implements only sequential commands, the no-operation-pending flag is always TRUE.
yntax

for the Wait-to-Continue command is defined as only a <COMMAND PROQGRAM HEAI
command program header> in the <COMMAND PROGRAM HEADER>(is-defined as “*WAI

Pmantics

hble.

PC?.

fandard Compliance

inction and Requirements
e Individual Macro semmand removes a single macro definition from the device.

yntax

y a<PROGRAM HEADER SEPARATOR> followed by <STRING PROGRAM DATA>.

DER>. The

tR}

HEADER>

The <common command program header> in the <COMMAND PROGRAM HEADER> is defined as “*RMC.”

10.40.3 Semantics

The <STRING PROGRAM DATA> element contains a currently defined macro label.

Any <white space> or leading colon (if compound headers are implemented), or both, before the first character of the
macro label shall not be considered a part of the label. See 10.7.3

After the command is executed, receiving the label as a program header shall cause a Command Error unless the label
happened to also be a device-specific command.
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10.40.4 Related Common Commands

*PMC,*GMC?, *LMC?, *EMC, *EMC?, and *DMC.

10.40.5 Standard Compliance

This command is optional but can only be implemented if the other macro commands were implemented.

10.40.6 Error Handling

Assume *
<COMMA

Receiving
Receiving

Receiving
Command

10.41*S
10411 F

The Save I
set to a kn

10.41.2S

The syntax
followed b
element.

The <comi
<DECIMA

10.41.3 S

> does not match a currently denned macro, an EXed

DMC “HOME”, “MOVE 0,0” defines a macro called “HOME.” Thus, if J“HOME” is reg
ND PROGRAM HEADER> then “MOVE 0,0” is executed.

RMC “HOME” causes the macro to be removed from the device.
*RMC“ HOME” also causes the macro to be removed from the dévice.

“HOME” as a <COMMAND PROGRAM HEADER> affer the macro has been remove
Error (assuming the device has no device-specific HOME-command).

DS, Save Default Device Settings Command
inction and Requirments

efault Device Settings command initializés the contents of a save/recall register. The register ¢
wn state that is independent of the past use history of the device.

yntax

for the Save Default Device Settings command is defined as a <COMPOUND PROGRAM 1
y a <PROGRAM HEADER SEPARATOR> followed by a <DECIMAL NUMERIC PROGRA

mon program-"header> in the <COMMAND PROGRAM HEADER> is defined as “*
L NUMERIC PROGRAM DATA> value shall be in the range of 0 through a device-specified ufj

pmantics

ution Error

eived as a

1 causes a

ontents are

HEADER>
M DATA>

5DS.” The
per bound.

The <DECIMAL NUMERIC PROGRAM DATA> element shall be rounded to an integer before interpretation by the

device.

The device shall initialize the memory register associated with the received integer.

The upper bound for the register number shall be the same as the *SAV command, see 10.33.

10.41.4 Related Common Commands

*RCL — Implementation requires this optional command.

*SAV — Implementation requires this optional command.

*RST — Implementation is mandatory.
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10.41.5 Standard Compliance

Optional, but can only be implemented if the *SAV and *RCL commands were implemented.

10.41.6 Error Handling

A value outside the allowable range shall cause an Execution Error. A device may have the ability of protecting the

information in the memory registers that was saved from a previous save command. If this protection mechanism has
been enabled, attempting to execute the *SDS command shall cause an Execution Error.

11. Devjce Status Reporting

This section specifies device requirements involving IEEE 488.1 Service Request and Parallel'Poll functjons. These
requiremeijts build upon and extend the IEEE 488.1 specifications to provide a detailed statls\feporting sfructure.

A complet¢ model is defined for all status reporting. The IEEE 488.1 status byte is part of the model.

Specific and required status messages are defined. A device-specific status reporting model suitable for specjfic device-
specific requirements is presented.

This section provides a method to transfer the IEEE 488.1 status byte-t0\the controller using either the IEEE 488.1

serial poll jor an IEEE 488.2 -defined common query. Additional ¢ommon commands and queries are provided to
obtain morg detailed status information.

11.1 Overview

11.1.1 Operation

Fig 11-1 shows the block diagram of the IEEE"488.2 Status Reporting Structure.

IEEE 488.2 status reporting utilizes th¢ IEEE 488.1 status byte with additional data structures and rules.

The Statu§ Byte Register is composed of seven single-bit “summary-messages” (see Fig 11-1). Each{ summary-
message symmarizes an overlaying Status Data Structure.

Summary-fnessages alyways track the current status of the associated Status Data Structure. The summary-messages
are cleared| only by sonie action of the application program that clears the associated Status Data Structurg.

Service Refquest Enabling and Generation determines if one or more of the seven summary-messages will generate the
rsv messagetand, thus, cause the device to request service using its IEEE 488.1 Service Request function,|

The Status Data Structures associated with summary-messages are defined in this section. They follow either

1) A set of registers to record device events and conditions (register-model)
2)  Queue to record sequential status or other information (queue model)

Only two of the available seven Status Data Structures are completely defined by this standard:

1) The “Output Queue” is a queue model structure that is summarized by the Message Available (MAV)
summary-message on bit 4 (DIOS, see Fig 11-2).

2) The “Standard Event Status” is a register-model structure that is summarized by the Event Status Bit (ESB)
summary-message on bit 5 (DIO6, see Fig 11-2).
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11.1.2 Summary of Related Common Commands

Table 11-1 lists the IEEE 488.2 -defined common commands related to this section. A short description and section
references for further information are given for each command.

11.1.3 Related IEEE 488.1 — Defined Operations

Table 11-2 lists the IEEE 488.1 -defined operations related to this section. A short description and section references
for further information are included with each operation.

11.2 Staf

us Byte Register

11.2.1 Definition

The Status

Byte Register contains the device's STB and RQS (or MSS) messages. IEEE 488l defines thg

reporting the STB and RQS message, but leaves the setting and clearing protocols and semantics for the ST

undefined.
message is

This standard further defines specific device STB summary-messages. A(Master Summary St
also provided which is output as bit 6 with the STB in response to a *STB? common query. Se

method of
B message
witus (MSS)
e 11.2.2.2,

[ Published by IEC under licence from IEEE. © 1992 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=cb13da4dba8dcea41a17ac147844da91

IEC 60488-2:2004(E) -151 -
IEEE 488.2-1992(E)

Status Data Structure

(11.4) ucture
#7 l

[ #5
{ #4

#3

L #O

& Summary Status

VRS y v v v ¥

. Status Byte Register

7 6 e 1§o|
MSS |

; | Summary Status

Service Request)Epabling
(11.3)

Enabled Summary Status

MSS i

Service Request Generation
(11.3.3)

Service Request Indication (rsv)

'

488.1 Service Request Function I

RQS l SRQ

Figure 11-1—IEEE 488.2 Status Reporting Structure Overview
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RQS ¢ read by Serial Poll
DIO7
7 A ESR | MAV e} 2 1 [a) P y — .
DIO8 DIO6| DIOS| DIO4| DIO3| DIO2 DIO1I oldlus byte Regisie
—1 Mss
DIO7 ¢ read by *STB?

Figure 11-2—Status Byte Register

Table 11-1—Status Reporting Common Commands

*STH? Returns an NR1, which is the value of the IEEE 488.1 status b¥t€,and the MSS (Master Summary
Status) summary-message. See 10.36 and 11.2.2.2.

*OP( Sets the “Operation Complete” event bit in the Standdrd Event Status Register when all sel¢cted
pending device operations have been completed. See 10.18 and 12.5.2.

*OP(? Places a “1” in the Output Queue when all selested pending operations are completed, whigh in
turn causes the MAV (Message Available)summary-message to be generated. See 10.19 and
12.5.3.

*CLY Clears all Event Registers summarized4n the status byte. All Queues, except the Output Queue,

that are summarized in the status-byte are emptied. The device is forced into the Operation
Complete Command Idle State'and the Operation Complete Query Idle State. (See 10.3, 11}.2.4,
12.5.2, and 12.5.3.2).

*ESR? Returns an NR 1, which(is the value of the Standard Event Status Register. See 10.13.6 and 1{1.5.1.

*ESH NRf Sets the bits of the Standard Event Status Enable Register. See 10.10 and 11.4.3.3.

*ESH? Returns an N=R1, which is the value of the Standard Event Status Enable Register. See 10.1] and
11.4.2.32.

*IST Returns/an NR1, which is the value of the IEEE 488.1 ist (individual status) local message} See
10.15%and 11.6.2.

*SRH NRf Sets the bits of the Service Request Enable Register. See 10.34 and 11.3.2.3.

*SRH? Returns an NR1, which is the value of the Service Request Enable Register. See 10.35 and
11.3.2.2.

*PRE NRf Sets the bits of the Parallel Poll Enable Register. See 10.23 and 11.6.1.3.

*PRE? Returns an NR1, which is the value of the Parallel Poll Enable Register. See 10.24 and 11.6.1.2.

*PSC NRf Sets the power-on-status-clear flag. When set FALSE (value 0), power-on service requests are

possible. See 10.25, 11.1.3, and 5.12.

*PSC? Returns an NR1, which is the value of the state of the power-on-status-clear flag. See 10.26,
11.1.3, and 5.12.
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Table 11-2—Status Reporting IEEE 488.1 -Defined Operations

power on

serial

Clears the Service Request Enable Register, the Standard Event Status Enable Register, the

Parallel Poll Enable Register, and device-specific event enable registers if the power-on-status-

clear flag is TRUE or if the *PSC command, see 10.25.4, is not implemented. Other status
registers may be affected. See 5.12.

This is the IEEE 488.1 serial poll operation. The value of the IEEE 488.1 -defined STB and

poll messages is returned. The value of the status byte is not altered as a result of the serial poll.

leaves Affirmative Poll Response State (APRS).

RQS

sV,

however, is set FALSE by the device causing the RQS message to be cleared when the device

paral

1 1 [ ) FESNICSPE TR & s wh wll KoY o X0 | ol 11 . A Jos. . 1 11
CT POIT TS TS TNMICTTECTE =00, T pardiicT PUIT OPTTatiol. 71 OIT DI STAtts TIITSSAZT TS TCTUTIICT, STC T T

0.1.3.

11.2.1.11

The ESB ¢
state indic
reading or

The ESB ;5
Conversely
detailed op

11.2.1.2 §

The MAV
Byte Regis
device is rq
The MAV

NOTE —

1]
B

This messg
a query cof
while an aj
the Output
Section 12

11.2.1.3 L

FEE 488.2 — Defined Standard Event Status Bit (ESB) Summary-Message

ummary-message is an IEEE 488.2 -defined message that appears in bit 5 of th¢-Status Byte K
ites whether or not one or more of the enabled IEEE 488.2 defined events~have occurred si
clearing of the Standard Event Status Register, see 11.5.1.

ummary-message is TRUE when an enabled event in the Standard Event Status Register is
, the ESB summary-message is FALSE when no enabled eventstare TRUE. See 11.5.1.2—1]
eration.

tandard-Defined MAV Queue Summary Message

Message Available) summary-message is an IEEE488.2 -defined message that appears in bit 4 o
ter. The state of the message indicates whether ot not the Output Queue (6.1.10) is empty. WH
ady to accept a request by the controller to.output data bytes, the MAV summary-message shal
summary-message shall be FALSE whenthé Output Queue is empty.

n situations in which a controller can acgtiire bytes from the Output Queue faster than the device can supy
utput Queue may be emptied one or-more times before the RMT is sent. The designer may allow the MAV
emain TRUE until RMT is sent- Alt€rnatively, the MAV message may follow the oq-empty message w
erformance improvement is possible. See 6.1.10.2. It is recommended that the MAV behavior be documer

ge is used to synchronize' information exchange with the controller. The controller can, for exd
nmand to the device and then wait for MAV to become TRUE. The IEEE 488.1 bus is available fi
plication program-is waiting for a device to respond. If an application program begins a read o
Queue withoutfirst checking for MAYV, all system bus activity is held up until the device res
and Appéndix B for device and application program synchronization discussion and examples.

Jevice-Defined Summary-Messages

Legister. Its
ce the last

set TRUE.
1.5.1.3 for

f the Status
tenever the
be TRUE.

ly them, the

message to
here system
ited.

mple, send
1 other use
peration of
ponds. See

Bits O through 3 and bit 7 are available for use by the device designer as summary-messages. Every device-defined
summary-message shall have an associated Status Data Structure that follows one of the two models described in 11.4.
This structure is either a register set for parallel event and condition reporting, or a Queue for sequential status and
information reporting. The summary-message summarizes the current status of the associated Status Data Structure.
That is, one or more TRUE and enabled event bits in the register-model or a nonempty Queue in the queue model is
indicated by a TRUE summary-message. See 11.4.2 and 11.4.3.

11.2.2 Re

ading the Status Byte Register

The Status Byte Register can be read with either a serial poll or the *STB? common query. Both of these methods read
the IEEE 488.1 STB message. The value sent; for the bit 6 position is, however, dependent upon the method used.

[ Published by

IEC under licence from IEEE. © 1992 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=cb13da4dba8dcea41a17ac147844da91

- 154 — IEC 60488-2:2004(E)
IEEE 488.2-1992(E)

11.2.2.1 Reading with a Serial Poll

When serial polled according to IEEE 488.1, the device shall return the 7 bit status byte plus the single bit IEEE 488.1
RQS message. The RQS message is added by the I/O Control, see 6.1.4., in accordance with the IEEE 488.1 SR state
diagram. The status byte and RQS message are returned to the controller as a single data byte. Per IEEE 488.1, the
RQS message indicates if the device was sending SRQ TRUE. Devices shall not send the END message during a serial

poll.

For the purpose of this standard, the IEEE 488.1 DIO signal lines DIO1-6 and 8 correspond to bits 0-5 and 7 of the
status byte register, respectively. The RQS message is sent on line DIO7 (bit 6) according to the requirements of IEEE

488.1.

A TRUE njessage means that the associated DIO signal line shall be asserted (pulled to a low voltage) whe
byte is senf. This convention is standard IEEE 488.1 negative logic (see IEEE Std 488.1-1987 [4],.3.2).

The STB npessage portion of the Status Byte Register is read nondestructively. The value of the status byte

altered by

The devic

h serial poll.

¢ shall set the rsv message FALSE when polled, see 11.3.3, so that the RQS message will be FA

device is pplled again before a new reason for service, see 11.3.3, has occurred:

11.2.2.2 Reading With the *STB? Query

The *STBT common query, see 10.36, shall cause the device to sénd'the contents of the Status Byte Regis
MSS (Master Summary Status) summary message, see 11.2.235.as a single <NR1 NUMERIC RESPON

element.

The resporfse shall represent the sum of the binary-weighted values of the Status Byte Register bits 0-5 and

1,2,4,8,

16, 32, and 128 respectively) and the MSS-summary message (weight 64). Thus, the response]

when cons]dered as a binary value, is identical to-the response to a serial poll except that the MSS summa
appears in pit 6 in place of the RQS message:

The *STB} common query shall not directly alter the status byte, the MSS summary message, the RQS 1
the rsv local message.

NOTE —

he MAV and RQS messages may be indirectly affected, see 11.2.1.2 and 11.3.3 respectively.

11.2.2.3 Nlaster Summary Status

The Mastef Summary Status (MSS) message indicates that the device has at least one reason for requesti

Although
response t

h the status

hall not be

LLSE if the

ter and the

SE DATA>

7 (weights
to *STB?,
[y message

nessage, or

ng service.
not sent in

e MSS message is sent in bit position 6 of the device's response to the *STB? query, it is
agsefial poll and should not be considered part of the IEEE 488.1 status byte.

MSS is the inclusive OR of the bitwise combination (excluding bit 6) of the Status Byte (SB) Register and the Service
Request Enable (SRE) Register, see 11.3.2. That is,

MSS is defined as
(SB Register bit 0 AND SRE Register bit 0)

OR

(SB Register bit 1 AND SRE Register bit 1)

OR

(SB Register bit 2 AND SRE Register bit 2)
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OR

(SB Register bit 3 AND SRE Register bit 3

OR

(SB Register bit 4 AND SRE Register bit 4)

OR

(SB Register bit 5 AND SRE Register bit 5)

OR

(SB Register bit 7 AND SRE Register bit 7)

Note that t
Register. H
value with

he MSS definition ignores the state of bit 6 in both the Status Byte Register and the Service Reg
pr purposes of computing the value of MSS, implementors may choose to treat the status‘byte
bit 6 always zero.

11.2.3 Wiiting the Status Byte Register

The Status
illustrated

NOTE —
1]

n Fig 11-1.

Changes in the status byte may affect the state of the rsv local message, MiSS summary message, and the S]
hessage, as described in 11.3.3.

11.2.4 Cl¢aring the Status Byte Register

The *CLS
Queues) t
summary 1

The entire
TERMINA
unread me
FALSE. T}
will be FA

11.3 Ser

common command, see 10.3, shall cause all Status Data Structures (that is, their Event Re
be cleared so that the corresponding summary.messages are clear. The Output Queue an
hessage are an exception and are unaffected by *CLS.

status byte can be cleared by sending the *CLS command to the device after a <PROGRAM 1
[TOR> and before any <QUERY MESSAGE UNIT> elements. The Output Queue will be cle
sages using this method, see 6.3:2:3. With the Output Queue empty, the MAV summary mess
e MSS message in the *STB?'tesponse will also go FALSE. The RQS message in the Status By
|_SE unless the device is in Affirmative Poll Response State (APRS).

vice Request Enabling

11.3.1 Operation

Service req

uest enabling operation is shown in Fig 11-3.

Service re

est Enable
as an 8 bit

Byte Register is altered only when the state of the overlaying Status Data Structure is altefed. This is

RQ interface

pisters and
1 its MAV

MESSAGE
red of any
hoe will be
te Register

uest’enabling allows an application programmer to select which summary messages in the

tatus Byte

Register may cause service requests. The Service Request Enable Register, illustrated in Fig 11-3, is used to select the
summary messages.

11.3.2 Service Request Enable Register

11.3.2.1 Function

The Service Request Enable Register is an 8 bit register that enables corresponding summary messages in the Status
Byte Register. Thus, the application programmer can select reasons for a device to issue a service request by altering
the contents of the Service Request Enable Register.
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11.3.2.2 Reading the Service Request Enable Register

The Service Request Enable Register is read with the *SRE? common query, see 10.35. The response message to this
query shall be an <NUMERIC RESPONSE DATA> element that represents the sum of the binary-weighted values of

the Service Request Enable Register (2 raised to the power of the bit number). The value of the unused bit 6 shall
always be zero.

11.3.2.3 Writing the Service Request Enable Register

The Service Request Enable Register is written with the *SRE common command, see 10.34. The *SRE is followed
by a <DE(JIMAT NUMERIC PROGRAM DATA> element.

The <DECIMAL NUMERIC PROGRAM DATA>, when rounded to an integer value and expressedin base|2 (binary),
shall reprepent the bit values of the Service Request Enable Register. A bit value of one shallindicate pn enabled

condition. ;A bit value of zero shall indicate a disabled condition.
The devicd shall always ignore the value of bit 6.

11.3.2.4 ¢learing the Service Request Enable Register
Sending the *SRE common command with a <DECIMAL NUMERIC PROGRAM DATA> element vaJue of zero

clears the Jervice Request Enable Register. A cleared register does not allow status information to generatg a rsv local
message and thus, no service requests are issued.

e read by Serial Pql|
Service
Request [ MAV|3 | 2 | 1 0 Status Byte Register
eneration
A <« read by *STB?

Logical PR

Figure 11-3—Service Request Enabling

Enable Register
*SRE <NRf>
*SRE?

I Service Request

[ Published by IEC under licence from IEEE. © 1992 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=cb13da4dba8dcea41a17ac147844da91

IEC 60488-2:2004(E) - 157 —
IEEE 488.2-1992(E)

If the power-on-status-clear flags is TRUE or if *PSC is not implemented, see 11.1.3, the Service Request Enable
Register shall be cleared upon power-on. The *PSC command is used to set the state of the power-on-status-clear flag,
see 10.25. See 5.12 for additional power-on requirements.

The Service Request Enable Register shall not be changed by the receipt of the dcas message, nor by any device
condition other than as stated in this section.

11.3.3 Service Request Generation

All devices shall implement the Service Request function as described in IEEE Std 488.1-1987 [4]. This function
provides a device with the capabilities of requesting service from the controller via the Service Request (SRQ)
interface message and reporting that it has requested service via the Request Service (RQS) message, which is sent
with the st

The gener4
in block di
request sef
488.1-198]
ensure that

1y
2)

3)
4)

Al
K
St
R
Al

11.3.3.1

Whenever
whether th
SRQ interface message directly. Instead, changes to the status byte and the Service Request Enable Regist
the local m
Synchronij
that contro|

htus byte 1n response to a serial poll.

tion of service requests is controlled by the IEEE 488.1 request service (rsv) local messagewhid

ice (rsv) message. This section also places additional requirements (beyond those specified ii
[4] on the interaction of the IEEE 488.1 Acceptor Handshake and the rsv meSsage. These re|
a device shall:

ssert SRQ when a previously “enabled” condition occurs.

bep SRQ asserted until the controller has recognized the service request and polled the device
ecific action to cancel the request (for example, (¥*)CLS command).

please SRQ when polled so that the controller can detect an SRQfrom another device.

ksert SRQ again if another condition occurs, whether or not the' controller has cleared the first

lew Reason for Service

the contents of the status byte or Service Request'Enable Register are changed, the device mus
e change affects the service request state of the.dévice. Device status transitions do not affect the

essages reqt (Request rsv TRUE) and regf (Request rsv FALSE), which are inputs to the Servi
ation block in Fig 11-4. The output'ofithe Service Request Synchronization block is the local r
s the SRQ interface message as described in IEEE 488.1.

shall generate a new servicerequest (set the reqt message TRUE) when

bit in the status byte changes from FALSE to TRUE while the corresponding bit in the Servi
hable Register is TRUE.

e status byt€ is-TRUE.
bit in the_status byte changes from FALSE to TRUE and the corresponding bit in the Servi
hable-Register changes from FALSE to TRUE simultaneously.

h is known

peram form in Fig. 11-4. This section describes the coupling between the status byte and the IEEE 488.1

1 IEEE Std
quirements

r has taken

rondition.

determine
state of the
Er generate
ce Request
vV message

ce Request

bit in the Seryice Request Enable Register changes from FALSE to TRUE while the corresponiding bit in

ce Request

shall set the reqt message FALSE when

The MSS message changes from TRUE to FALSE.

The device

1) A

E

2) A

th

3) A

E

The devicd
D
2)

The device enters the SRWS of the Set rsv State Diagram in Fig 11-4 and Tables 11-3 and 11-3.

Table 11-3—Set rsv State Diagram Mnemonics

Messages Interface States
reqt Request rsv TRUE SRIS Service Request Idle State
reqf Request rsv FALSE SRWS Service Request Wait State
Isv request service SRAS Service Request Active State

(APRS)  Affirmative Poll Response State
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Table 11-4—Set rsv State Diagram Message Output

IEEE 488.2-1992(E)

Set rsv State rsv Message Sent Device Interaction
SRIS F not requesting service
SRWS F not requesting service
SRAS T requesting service

Status Byte

Service Request Enable

Register Register
STB SRE
Y y
New Reason for Service
11.3.3.1
STB
reqt reqf
Y y Y
Status Byte Service Request Synchronization
Latch 11.3.3.2
11.3.3.3 R
; 1
488.1
4881 SPAS 488.1 488.1
STB and APRS
SDYS or STRS
y
488.1 Source Handshake
488.1 Service Request Function
l STB l RQS l SRQ
BUS DIO1-6,DIOS BUS DIO7 BUS SRQ

Figure 11-4—Service Request Generation
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Figure 11-5—Set rsv State Diagram

shall set the reqf message FALSE when it enters Service Request ddi¢-State (SRIS) of the S
Fig 11-5 or at power-on.

may also set reqt TRUE whenever the contents of the statusbyte are changed and MSS is TRU|
service requests may be generated, this method is not ‘fecommended. It is permitted, h
ate certain commercially-available IEEE 488.1 interface circuits. See 11.3.3.4 on impl

the controller application program must never assume that SRQ indicates that a new reason for
ut only that a new reason for service may have occurred; and that the application program shoul
1s byte to determine whether this is indegd the case.

ervice Request Synchronization

r State Diagram, shown in Fig/11-5, synchronizes changes to the device’s status byte and Servi
bister with the state of the IEEE 488.1 SR function. It ensures that the device does not change
ace messages whilesbeiilg polled by the controller, but that the device will “remember” tha
urred and will chdnge the state of SRQ and RQS on exit from Affirmative Poll Response State

n, or when the-reqf local message is TRUE, the device shall enter Service Request Idle State (SR
, the device)shall send the rsv local message FALSE.

shall stop requesting service (set the reqf message TRUE) when the MSS message changes from TRUE to

bt rsv State

E. Because
owever, to
Ementation

service has
1 check the

ce Request

he SRQ or
the status
APRS).

'1S). While

RWS). The

When the ¢fleviee-sets the reqt local message TRUE, the device shall enter Service Request Wait State (S
device shamwmw i i i

become TRUE or the device leaves the IEEE 488.1 APRS. Staying in SRWS ensures that the device will not change
the RQS or SRQ interface messages from FALSE to TRUE while it is being polled by the controller.

I messages

If the device is not in APRS, or when it leaves APRS, it shall enter Service Request Active State (SRAS). While in this
state, the device shall send the rsv local message TRUE. The device shall remain in this state until the pon or reqf local
messages become TRUE or the device enters APRS.

Upon entry into APRS, the device shall return to SRIS and set rsv FALSE, indicating that it has been polled. Note that
the device will continue to send the RQS interface message TRUE until it has left APRS, according to IEEE Std 488.1-

1987 [4].
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11.3.3.3 Status Byte Latch

If the contents of the Status Byte Register were to be placed directly onto the bus when the device was polled, a change
in the status byte while the device is in IEEE 488.1 Serial Poll Active State (SPAS) could cause the controller to read
the status byte incorrectly, due to the changing state of the bus data I/O lines. To prevent this problem, devices shall
latch the contents of the device status byte and RQS message as presented on the DIO lines while the device is in [IEEE
488.1 SPAS and the IEEE 488.1 source handshake is in Source Delay State (SDYS) or Source Transfer State (STRS).
The latch guarantees that the status byte will not change on the bus just as the IEEE 488.1 SR diagram assures that the
RQS message will not change. This requirement does not imply that the contents of the Status Byte Register may not
be changed during this time, only that the value presented to the controller on DIO1-8 will be stable. In Fig 11-4, the
input from[fic IEEE 488.1 Source Handshake/IEEE 488.1_Service Request block determines whether or not the Status
Byte Latch is transparent.

11.3.3.4 Implementation Techniques

Many comjmercially available IEEE 488.1 integrated circuits implement the Set rsv State ‘Diagram in plape of, or in
addition to, providing direct control over the rsv local message. These circuits also irichide a status byte|buffer that
allows the |I[EEE 488.1 control circuit to respond to a serial poll without the intervention of device firnjware. This
section deqcribes how the requirements of the IEEE 488.2 status reporting modelmay be met using such| circuits. It
does not sgnction the use of specific components or prohibit alternate implementdtions that meet the requjrements of
this standatd, but is meant as a discussion of common implementation techriques and pitfalls.

11.3.3.4.1 Preferred Implementation

The preferfed implementation, from a device designer's point of view, would be to do the following when the contents
of the statys byte buffer are updated:

1) Sgt reqt TRUE if New Reason for Service is TRUE.
2) Sg¢treqf TRUE if MSS is FALSE.

Here, “Ney Reason for Service” is an additional argument to the command, generated by the device firmware in
accordancg with 11.3.3.1. This implementation avoids the race condition of 11.3.3.4.2 and the spurigus service
requests ofl 11.3.3.4.3, but requires thaf nine bits of information be specified with the command (seven bifs of status,
MSS, and New Reason for Service)

11.3.3.4.4 Allowed Independent Control of STB, reqt, and reqf

Some integrated circuits allow the contents of the circuit’s status byte buffer to be updated at any tine without
changing the state of r§v. Such circuits have three inputs:

1) A]command that updates the contents of the circuit’s status byte buffer.
2) Alcommand that sets reqt TRUE.
3) A command that sets reqf TRUE.

TRUE to FALSE transitions of reqt and reqf are generated internally by the circuit according to the Set rsv State
Diagram. Inputs (2) and (3) may be implemented as separate commands or as a single command with one argument.

When the device status byte or Status Enable Register changes, the device firmware must
1) Update the circuit's status byte buffer.

2) If there is a New Reason for Service, see 11.3.3.1, set reqt TRUE.
3) If there is no reason for service (MSS FALSE), set reqf TRUE.
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Note that there is a race between the device's firmware setting reqt or reqf TRUE and the controller's polling the
device in response to a previous service request. If the controller polls the device after it has updated the status byte
buffer but before it has set reqt TRUE, the device will generate a service request after the controller has read the new
status byte. If the controller polls the device after it has updated the status byte buffer but before it has set reqf TRUE,
the controller will receive the new status byte (which shows no reason for service request) with RQS TRUE
(indicating a request for service). This race does not cause problems in practice, as the controller receives the most
recent device status in either case. Implementations that set reqt TRUE before updating the status byte buffer are not
allowed, as they could cause a violation of 11.3.3, rule (2).

11.3.3.4.3 Allowed Coupled Control of STB, reqt, and reqf

Some integrated circuits require that either reqt or reqf be set TRUE each time the status byte buffer issupdated. Such
circuits haye one input. When the contents of the status byte buffer are updated, the circuit sets

1) rgqt TRUE if MSS is TRUE, or
2) r¢qf TRUE if MSS is FALSE

This implementation is allowed by this standard (next to last paragraph of 11.3.3.1),.but/can generate a service request
when a bitlin the status byte changes, even if that bit has not been enabled to cause-a’service request.

11.3.3.4.4 Other Allowed Implementations

Other implementation techniques that satisfy the requirements of this)standard may be used.

11.4 Status Data Structures
11.4.1 Overview

All device|Status Data Structures shall follow either the register model or the queue model as defined i 11.4. The
Status Datj Structures provide a common way-fer the device designer to perform status reporting. Each|status data
structure hps a single “output,” a summary message that summarizes the structure's state. A FALSE suminary status
means that/there is no status to report and*a@ TRUE summary status indicates that there is status to report.

11.4.2 Status Data Structure.— Register Model

The registgr model Status Data Structure allows the device designer to summarize multiple events in a single summary
message in the Status Byte'\Register. Fig 11-6 illustrates a generalized register model Status Data Structurg.

11.4.2.1 Gondition-Registers

11.4.2.1.1| Function

A condition is a device state that is either TRUE or FALSE. A Condition Register reflects these states in its condition
bits. A Condition Register may range in length from i to a maximum of 16 bits and may contain unused bits. Unused
bits shall return a zero value when read.

NOTE — Some controllers may have difficulty reading a 16 bit unsigned integer into their internal format.
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Logical OR

Event Enable Register
21110 (Selects which Events can

set the Summary Message)

Summary Message

Figure 11-6+Status Data Structure — Register Model

Typically, |the condition bits represent device states. Alternately, the condition bits may represen{ summary
informatiop from an overlaying.secondary Status Data Structure. This secondary Status Data Structure shall be one of

the Status IData Structures defined in 11.4, either the register model or the queue model. This overlaying technique may
be extendefl to additionalilayers as required.

Implementation of €ondition Registers is optional, since the sole purpose of a Condition Register is to grpup related
device statps orloverlaying summary messages so that they may be read together.

This standard does not define any speciiic Status Data Structure that contains a Condition Register.

11.4.2.1.2 Reading Condition Registers

The device may provide device-specific commands to read any or all of the device’s Condition Registers. Reading a
Condition Register shall not change its contents.

11.4.2.1.3 Writing Condition Registers

No device-specific commands shall directly write to a Condition Register. Only changes in device state or in an
overlaying secondary Status Data Structure may alter the contents of a Condition Register.
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11.4.21.4

Clearing Condition Registers

No device-specific commands shall directly clear a Condition Register. Only changes in device state or clearing of an

overlaying

secondary Status Data Structure may clear a condition bit.

11.4.2.2 Event Registers

11.4.2.21

Function

Event Registers capture changes in conditions. Each event bit in an event register shall correspond to a condition-bit in

a Conditio
TRUE whg

The Event
clearing off
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This stand|
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In all caseq
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11.4.2.2.2

i Register or (11 there 1S no Condition Register) to a specilic condition in the device. An event sh
n the associated device condition makes certain device-defined transitions.

an Event Register. An Event Register bit (event bit) shall be set TRUE when ancassociated ev
once set, are “sticky.” That is, they cannot be cleared even if they do not reflect the current status
iintil they are read by the application.

ard allows the following three transition criteria for setting event bits TRUE (see transiti
sitive transition. The event becomes TRUE when its associated condition makes a FALSH
hnsition only.

poative transition. The event becomes TRUE when ifs, associated condition makes a TRUE
insition only.

sitive or negative transition. The event becomes’;TRUE when its associated condition mak]
ALSE to TRUE or a TRUE to FALSE transitiont.

ice-specific commands to change the-transition associated with each condition and event bit.

, the change of a device conditidn shall not cause an event bit to go from TRUE to FALSE.

sters may range in length from 1 to a maximum of 16 bits and may contain “unused” bits. Unusg
en the register is read-

bome controllersiumay have difficulty reading a 16 bit unsigned integer into their internal format.

Reading Event Registers

ird completely specifies only one Event Register, the Standard Event Status Register, see 11.5.1]

all become

Register definition guarantees that the application cannot miss an event that occurs betyeen the feading and

Ent occurs.
bf a related

n filter in

to TRUE

to FALSE

es either a

designer shall specify which of the above\transition criteria is to be used for each event bit. The levice may

d bits shall

The device may provide device-specific queries to read any or all of the device’s Event Registers. The on

y common

query that reads an Event Register is the *ESR? query, which reads the Standard Event Status Register, see 10.12 and

11.5.1.2.2.

11.4.2.2.3 Writing Event Registers

No device-specific command shall allow the application programmer to directly write bits in an Event Register.
Commands may, however, clear the entire register.

11.4.2.2.4 Clearing the Event Registers

Event Registers shall be cleared when read by a query. Only the Event Register(s) queried shall be cleared.
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Additionally, specific commands, in contrast to queries, may be implemented to clear (and not read) Event Registers.

The *CLS common command is a mandatory command, see 10.3, that clears all Event Registers. All device-defined
Event Registers as well as the Standard Event Status Register, see 11.5.1, shall be cleared by *CLS.

Event Registers may be cleared at power-on. Event Registers shall not be cleared in any way other than as stated
previously.

11.4.2.3 Event Enable Registers

11.4.2.3.TFURction

Event Enaple Registers select which event bits in the corresponding Event Register will cause-a\TRUE summary
message when set. Each event bit shall have a corresponding enable bit in the Event Enable Register. By use of the
enable bits| an application programmer can program a device to request service for a single @vent or an influsive OR
of any group of events.

Each Event Enable Register shall be the same length as the corresponding Event Register. Any unused bits ih the Event
Enable Register shall correspond with unused bits in the Event Register. The value-ef unused bits shall be{zero when
the Event Enable Register is read and shall be ignored when written to by commands.

This standjird completely specifies only one Event Enable Register, thé\Standard Event Status Enable Rpgister, see
11.5.1.3.

11.4.2.3.4 Reading Event Enable Registers
The devicd may provide device-defined queries to read atiyror all of the device's Event Enable Registers. [If a device
provides aJcommand to write to an Event Enable RegiSter and a query to read the same Event Enable Register, the
<QUERY HEADER> shall be formed by placing a\“?” after the <COMMAND HEADER> that sets the register, see
11.4.2.3.3.

The query fesponse shall be returned as an’<NR1 NUMERIC RESPONSE DATA> element. Binary-weighting of the
bits shall bg used to form the NR1 value. An unused bit shall have the value zero.

The only cpmmon query that reads;an Event Enable Register is *ESE?, which reads the Standard Event Status Enable
Register, s¢e 10.11 and 11.5.1:3:2.

11.4.2.3.3 Writing Event Enable Registers

The devicg may_provide device-specific commands to write to any or all of the device's Event Enable Registers. If
such a conjmand.is implemented, it shall follow the format as described in this section.

The command format shall consist of a device-defined header followed by a <DECIMAL NUMERIC PROGRAM
DATA> element. The device may also optionally accept an <EXPRESSION DATA) element that evaluates to a
<DECIMAL NUMERIC PROGRAM DATA> element.

The <DECIMAL NUMERIC PROGRAM DATA>, when rounded to an integer value and expressed in base 2 (binary),
shall represent the individual bit values of the Event Enable Register. A bit value of one shall indicate an enabled
condition. A bit value of zero shall indicate a disabled condition.

Additional device-specific commands that use other formats are also allowed. If no command is provided to write to
an Event Enable Register, then every used bit in the register shall have a value of one and every unused bit shall have
a value of zero.
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The only defined common command that writes to an Event Enable Register is the *ESE common command, which
writes to the Standard Event Status Enable Register, see 10.10.

11.4.2.3.4 Clearing Event Enable Registers

If the device provides a device-specific command to write to an Event Enable Register, see 11.4.2.3.3, the register may
be cleared by sending that command with an argument of zero (NRf format).

Event Enable Registers shall be cleared at power-on if the optional *PSC common command is not implemented or if
power-on-status-clear flag is TRUE, see 5.12.

No other dLvice or interface conditions, including receipt of the dcas message, shall alter any Event Enable Register.
11.4.3 Status Data Structure — Queue Model

The queue model Status Data Structure allows the device designer to report sequential status.or other inforrhation. The
presence of such information in a Queue is summarized in a summary message.

One Statug Data Structure using the queue model, the Output Queue with its associated MAV summary niessage (bit
4 of the status byte), is defined by this standard, see 11.5.2.

11.4.3.1 Function

Fig 11-7 rgpresents the queue model for a Status Data Structure. The Queue is a data structure containing g sequential
list of infofmation. The Queue is empty when all information Has_been read from the list.

Queue
Not-Empty

Queue

Summary Message

Figure 11-7—Status Data Structure — Queue Model
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Items may be placed in the Queue in any order. Items shall be removed from the Queue as they are read. The Queue
may be cleared under the conditions specified in 11.4.3.4. The associated summary message is TRUE if the Queue is
not empty and FALSE if it is empty.

All <RESPONSE MESSAGE UNIT> elements in a Queue (other than the Output Queue) shall be of the same type,
see Fig 8-4. The specific content of the data element sent is device defined. This rule assures that an application
program can know, in advance, the format of any data read.

For example, a Queue could contain a list of <CHARACTER RESPONSE DATA> elements. Another Queue could
contain a list of <NR3 NUMERIC RESPONSE DATA> elements. Yet another Queue could contain a message unit

with the ty
DATA>.

The order F]‘l;at the items are read from a Queue (other than the Output Queue) is beyond the scope of this

device-de

The devic
condition,

11.4.3.2 F
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shall cause
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11.4.3.4
Queues, eX
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NOTE —
1

VO elements separated by a comma as: <INK1 NUMEKIC KESFONSE DATA> <STRING

ed Queue need not be read in a first-in, first-out (FIFO) manner.

b designer may impose a maximum length on the Queue structure. Rules(governing a Queu
bther than the Output Queue, are beyond the scope of this standard.

eading a Queue

ther than the Output Queue) may be read by optional devicesdefined queries. Such device-defit
the item read to be removed from the Queue and placed into.the Output Queue.

shall be written to directly by <PROGRAM "MESSAGE> elements. Except for the Output
lesents encoded device information, such as‘a*device status history or other information as def]
gner.

Hlearing a Queue

cept the Output Queue, shall be'cleared when any of the following occur:

pceipt of the *CLS command.

pading all the items in-the Queues. Only the Queue that is queried shall have data removed.

ther device-specific' means.

['he OutputQueue is a special case and is not cleared by *CLS, but can be cleared under other conditions; se:
0.3.3, including method (2)

[ESPONSE

tandard. A

e overflow

ned queries

Queue, the
ned by the

£ 6.3.2.3 and

11.5 Stal

hdard Status Data Structure

Fig 11-8 represents an overview diagram of the Standard Event Status — Status Data Structures. The Standard Event
Status Register model is discussed in detail in 11.5.1. Output Queue requirements are given in 11.5.2.

11.5.1 Standard Event Status Register Model

Fig 11-9 represents the operation of the Standard Event Status Register Model. This data structure is a specific
implementation of the general Status Data Structure register model, see 11.4.2, and is required by all devices.
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11.5.1.1 Standard Event Status Register Bit Definitions

This standard assigns specific IEEE 488.2 -defined events to specific bits in the Standard Event Status Register.

11.5.1.1.1

Bits 15 through 8 — Reserved

Standard Event Status Register bits 15 through 8 are reserved for possible future use by IEEE. These bit values shall
be reported as zero.

11.5.1.1.2

Bit 7 — Power On (PON)

This event

11.5.1.1.3

This event
control has
the device

bit indicates that an off-to-on transition has occurred in the device’s power supply.
Bit 6 — User Request (URQ)

bit indicates that one of a set of local controls, see 5.6.1.3, defined by the device designer as a U
been activated. The setting of this event-bit shall occur regardless of the IEEE*488.1 Remote/Ld

er Request
cal state of
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Figure 11-8—Standard Status Data Structures Overview
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11.5.1.1.4

Command
occurred:
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2)

3)

Al
T8

8
i @
= 3
7} = [+ %
. £ 5 ® g
¢ 4 5§ & . 5 8
c ] o u @ [ (&)
o c c A =4 =3
(o] D ] 2 uwl 7] 2
- o £ =] 8 > o ©
: §F 5§z 8 E B
&£ = O 4§ o & o
Standard
PON [ URQ | CME | EXE | DDE | QYE [RQC | OPC § Event Status Register
7 6 5 4 3 | 2 1 0 *ESE?
o
O
©
2
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o
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Standard
Event Status
Enable Register
*ESE <NRi>
*ESE?

Summary Message

Event Summary Bit (ESB)
(Bit 5 of Status Data Byte)

Figure 11-9—Standard Event Status Register Model

Bit 5 — Command)ERROR (CME)

Errors are detected by the Parser, see 6.1.6. This event bit indicates that one of the following

h IEEE 488.2 syntax error has been detected by the parser. That is, a controller-to-device m
ceived that is in violation of this standard. Possible violations include a data element that violates

events has

Pssage was
the device

lis

20

£ " £, £ 1N + 3 tolhla o o A i1Q 71
TS TOTTITAtS O w O STy POTISOTraCC O ptaotCtoOtThC OO vVICC T SCO—7 12777

A semantic error has occurred indicating that an unrecognized header was received. Unrecognized headers
include incorrect device-specific headers and incorrect or unimplemented IEEE 488.2 common commands,
see Section 10.. A valid macro label, which is not the same as a device-specific <COMMAND PROGRAM
HEADER> or <QUERY PROGRAM HEADER>, that is received by a device with its macros disabled shall
be considered an unrecognized header.
A Group Execute Trigger (GET) was entered into the Input Buffer inside of a <PROGRAM MESSAGE>, see

6.

1.6.1.1 and 6.4.3.

When a device detects a Command Error, parser synchronization may be lost. See 6.1.6.1.1 for discussion of parser
action after a Command Error.
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The Command Error bit shall not be set to report any other device-specific condition. Events that are reported as
Command Errors shall not also be reported as Execution Errors, Query Errors, or Device-Specific Errors. See other bit
definitions in this section.

11.5.1.1.5 Bit 4 — Execution ERROR (E)
Execution Errors are detected by the Execution Control Block, see 6.1.7. This event bit indicates that:
1) A <PROGRAM DATA> element following a header was evaluated by the device as outside of its legal input

range or is otherwise inconsistent with the device's capabilities.
2) A[valid program message could not be properly executed due to some device condition.

Following pn Execution Error, the device shall continue parsing the input stream. The device may_ comntinug¢ executing
parsed conmpmands or the device may discard parsed commands. Devices shall resume executiopof parsed commands
after a <PROGRAM MESSAGE TERMINATOR>. It is recommended that this choice be decumented.

Execution Errors shall be reported by the device after rounding and expression evaluationoperations have thken place.
Rounding § numeric data element, for example, shall not be reported as an Execution Error.

Events tha} generate Execution Errors shall not also generate Command Errors; Query Errors, or Devite-Specific
Errors. Seq other bit definitions in this section.

NOTE — The device designer has the responsibility to ensure that devicessincorporate effective checking to prevent pxecution of
dommands after an Execution Error that could result in undesiréable conditions. Documentation should jndicate any
Known conditions that cannot be checked by the device.

11.5.1.1.6 Bit 3 — Device-Specific ERROR (DDE)

Device-Spgcific Errors are detected by Device Functions, see 6.1.8. This event bit indicates that an error has occurred
that is neither a Command Error, a Query Error, nortan Execution Error.

A Device-$pecific Error is any executed device operation that did not properly complete due to some condition, such
as overrange.

Following p Device-Specific Error, the device shall continue to process the input stream.
Device-Spgcific Errors are to.bé used at the discretion of the device designer.

Events that generate.Dévice-Specific Errors shall not also generate Command Errors, Query Errors, or] Execution
Errors.

11.5.1.1.7 Bit 2 — Query ERROR (QYE)

Query Errors are detected by the Output Queue Control, see 6.1.10. This event bit indicates that either

1)  An attempt is being made to read data from the Output Queue when no output is either present or pending, or
2) Data in the Output Queue has been lost.

See 6.5.7 for a complete description.

The Query Error bit shall not be set to report any other condition. Events that generate Query Errors shall not also
generate Execution Errors, Command Errors, or Device-Specific Errors.
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11.5.1.1.8 Bit 1 — Request Control (RQC)

This event bit indicates to the controller that the device is requesting permission to become the active IEEE 488.1
controller-in-charge.

11.5.1.1.9 Bit 0 — Operation Complete (OPC)

This event bit is generated in response to the *OPC command. It indicates that the device has completed all selected
pending operations. See 12.5.2 for a discussion of device synchronization using this event bit.

11.5.1.2 Standard Event Status Register Operation

11-5-1-2- Fuuut;uu

Standard Hvent Status Register operation follows the rules for event registers in the general Statas\Datp Structure
register madel described in 11.4.2.

11.5.1.2.4 Reading

The Standqrd Event Status Register is destructively read (that is, read and cleared) with.the *ESR? common query, see
10.12.

11.5.1.2.3 Writing

The Standdrd Event Status Register cannot be written remotely except/to,elear it.
11.5.1.2.4 Clearing

The Standdrd Event Status Register shall be cleared by

1) AJCLS command
2) A[*ESR? query

A device undergoing a power-on sequence may initially clear the Standard Event Status Register and then|record any
subsequen{ events during the device’s powerton sequence, including setting the PON event bit.

The Standgrd Event Status Register, shall not be cleared by any other device condition.
11.5.1.3 §tandard Event Status Enable Register Operation
11.5.1.3.1 Function

The Standgrd Event Status Enable Register allows one or more events in the Standard Event Status Register to be
reflected i1} the ESB summary-message bit. This register follows the rules of operation of the Status Data Structure
register madélfor Event Enable Registers, see 11.4.2.3.

This register is defined for 8 bits, each corresponding to the bits in the Standard Event Status Register. Bits 8 through
15 are reserved by the IEEE for future use.

11.5.1.3.2 Reading

The Standard Event Status Enable Register is read with the common query, *ESE?. Data is returned as a binary-
weighted <NR1 NUMERIC RESPONSE DATA>, see 10.11.

11.5.1.3.3 Writing

The Standard Event Status Enable Register is written to by the common command, *ESE. Data is encoded as
<DECIMAL NUMERIC PROGRAM DATA>, see 10.10.
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11.5.1.3.4 Clearing
The Standard Event Status Enable register shall be cleared by the following:
1) Sending *ESE with a data value of zero.
2) A power-on event if the power-on-status-clear flag is TRUE or the *PSC command is not implemented. See
10.25 for further details.
No other device or interface conditions, including receipt of the dcas message, shall alter this register.

The Standard Event Status Enable Register shall specifically not be affected by the following:

1) ARTEEE 483.T Device Clear function state change
2) Se¢nding the *RST common command

11.5.2 Standard Queue Model

11.5.2.1 Hunction

The Outpyt Queue stores response messages until they are read. The availability of“output is summarized by the

message ayailable (MAV) summary message (bit 4 of the status byte). See Fig 14;10. See MAV implementation note,
11.2.1.2.

Last Data Byte Entered Last Data Byte to be Read

Queue
Not-Empty

Next Data Byte Entered

First Data Byte Entered First Data Byte to be Read

Output Queue
v

Summary Message

Message Available (MAV)
(Bit 4 of Status Byte Register)

Figure 11-10—Standard Queue Model
NOTE — MAV becomes TRUE whenever data is ready and not necessarily in the Output Queue; see 6.4.5.4 and 6.1.10.2.1.

The MAV summary message is used to synchronize information exchange with the controller. See Section 12. for a
discussion of device synchronization and Section 6. for details on the operation of the Output Queue.
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11.5.2.2 Reading

The Output Queue shall be a first-in, first-out (FIFO) Queue. The Queue is read by handshaking bytes out while the
device is in Talker Active State (TACS).

11.5.2.3 Writing

The Outpu

t Queue interfaces to the system interface only through the protocols defined in Section 6..

11.5.2.4 Clearing

The Output Queue shall be cleared in accordance with the protocols of Section 6.. The *CLS command specifically

shall NOT

11.6 Parg

This sectia
This messa
shall implq

11.6.1 Pa

11.6.1.1 F

The Parallg

llel Poll Response Handling
n describes a method for generating and controlling the IEEE 488.1 ist (individual stdtus) locgl message.
ge is the status bit sent during a parallel poll operation. If a device has PP1 (complete) capability] the device

ent the data structure and associated common commands of this section.
allel Poll Enable Register

unction

1 Poll Enable Register shown in Fig 11-11 is an 8-16 bit wide)register. Each bit in this register cprresponds

to a bit in the status byte or a device-defined condition. All the bits i the status byte must be used. Up tojeight more

conditions

D

3

A

in the device may be associated with the upper eight bits'of the Parallel Poll Enable Register.
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Figure 11-11—Parallel Poll Response Handling Data Structure
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Each bit in the Parallel Poll Enable Register is ANDed with its corresponding condition or summary bit. The resulting
bits are ORed together to generate ist. Using the Parallel Poll Enable Register allows any single bit or combination of
bits to control list.

The Master Summary Status (MSS) message is used in place of RQS to report bit 6 of the Status Byte Register. MSS
is the message returned with the status byte in response to a *STB? common query, see 11.2.2.2.

NOTE — Some controllers may have difficulty reading a 16 bit unsigned integer into their internal format.

11.6.1.2 Reading the Parallel Poll Enable Register

The contenpts of the Parallel Poll Enable Register can be queried by sending *PRE?. The device respotlds with an
<NR1 NUMERIC RESPONSE DATA>. element, see 10.24.

11.6.1.3 Writing the Parallel Poll Enable Register
The Parall¢l Poll Enable Register is written to by sending the *PRE command followedby a number in <PECIMAL
NUMERIC PROGRAM DATA> format to the device. The number is converted to binafy and placed in the fegister, see
10.23.
11.6.1.4 ¢learing the Parallel Poll Enable Register
The Parallgl Poll Enable Register is cleared by

1)  Sgtting the value of the register to zero
2) P¢rforming a power-on, if the power-on-status-clearflag is TRUE or if *PSC is not implemented

11.6.2 Repding ist Without a Parallel Poll
The state ¢f ist can be queried by sending the £IST?common query. The device shall return either a “D,” if ist is

FALSE, orfa “1,” if ist is TRUE. The number returned shall be an <NR1 NUMERIC RESPONSE DATA> e|Jement, see
10.15.

12. Devjce/Controller Synchronization Techniques

12.1 Overview

This sectidn describes’techniques that may be used to ensure synchronization between a device and a fontroller.
Three basi¢ techiniques are shown:

1) Forcesequentialexecution
2)  Wait for response in device's Output Queue.
3) Wait for a Service Request.

Detailed examples of these techniques appear in Appendix B.

One potential problem with commands that take appreciable time to finish is that the application program needs to
know when they have finished. Consider the case of a unit under test connected to a bus-controllable power supply and
a bus-controllable digital voltmeter (DVM). The application program needs to know that the power supply output has
reached the desired voltage setting before it commands the DVM to take a measurement. This confirmation that the
output is valid is an illustration of what is meant by device/controller synchronization.
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12.2 Sequential and Overlapped Commands

Device commands fall into two broad classes. The first is the class of “Sequential Commands.” A command is a
Sequential Command when Execution Control waits for the resulting device action to complete before it initiates the
next device action, see 6.1.7.

The other class of commands is “Overlapped Commands.” An Overlapped Command is a command that allows
execution of subsequent commands while the device operations initiated by that Overlapped Command are still in

progress.

The devicg
further inf
type from
Device dog

12.2.1 1Y

As an illus
sets the vo
Command

VOLT1 1.2

(where <P

then after that was done, would set the second output to 1.00¥. In a timeline, the commands appear as

The symbq
operations
6.1.7 for th

12.2.2 llIY

If the VOL
operations

designer chooses whether a device-specitfic command 1s Sequential or Overlapped. Reter, to
rmation. The designer may also choose to implement device-specific commands that change\d ¢
bequential to Overlapped and vice versa.
umentation shall specify for each command whether it is an overlapped or a sequéntial comma
stration of Sequential CommAnds
ration, consider the case of a bus-controllable power supply with twe’ eutputs. The command V
tage of one output and VOLT2 NRf sets the voltage of the other¢ If\the VOLT commands are
, then the <PROGRAM MESSAGE>
3; VOLT2 1.00 <PMT>

MT> stands for the <PROGRAM MESSAGE TERMINATOR>) would set the first output to

[ 1L d

VOLT1 VOLT2

1 “[” stands for initial. ion of the associated device operations and “]” stands for the completi
Note that completion of 'device operations is not the same as completion of execution of the con
e distinction.

stration of Overlapped Commands

T commands are Overlapped Commands, the VOLT2 command would begin execution before
initidted'by the VOLT1 command have completed. The timeline is

12.8.1 for
ommand’s

hd.

OLT1 NRf
Sequential

.23V, and

bn of those
imand. See

the device

VOLT1

K d

VOLT2

Some method is needed to show that all commands have finished. Sequential Commands are easy because the next
command is not executed until the previous Sequential Command is finished. Overlapped Commands are more
difficult because device operations that were initiated several commands ago may still not be finished.
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12.3 Pending-Operation Flag

The Pending-Operation flag indicates that all operations started by an Overlapped Command are completed and their
result is valid or that the operations were aborted.

Each Overlapped Command shall have a corresponding Pending-Operation flag. A Pending-Operation flag is set
TRUE when the corresponding command is sent by the Execution Control block, see 6.1.7, to the Device Function
block, see 6.1.8. The flag is set FALSE when all the device operations initiated by that command have been completed
or aborted (for example, by execution of the *RST command).

For instande, the operation of changing the output voltage of a power supply is complete only when, the output is
known to Have reached the programmed voltage within manufacturer specified tolerance. The operation df changing
the range op a DVM is complete only when the DVM is ready to make a measurement in that rangesFig 12-[l describes
control of these flags.

A Pending Operation #1 Started .
Pending - Pending
POIS1  Operation #1 POASYY Operation #1
Idle State - Pending Operation #1 Completed Active State
[ ]
®
[ ]
. Pending Operation #n Stasted .
Pending - Pending
POISn  Operation #n POASh  Operation #n
Idle State . Pending Operation #n Completed Active State

Figure 12-1—Pending Operation Diagram of Selected Overlapped Commands

12.4 No-Pperation-Pending Flag

The No-Operation-Pending flag is tised to indicate whether the device has completed operations initiated py selected
Overlappedl Commands. The device designer may choose to have the No-Operation-Pending flag report the status of
all or a sulpset of all Overlapped Commands. The device designer may provide device-specific commandls to select
which Oveflapped Commands shall have their status reported by the No-Operation-Pending flag.

The Pendipg-Operation flags associated with the selected Overlapped Commands shall be ORed together, and the
result shall be iverted to generate the No-Operation-Pending flag. The No-Operation-Pending flag is TRUE if the
device has|no-gelected Overlapped Commands.

12.5 Controller/Device Synchronization Commands

The *OPC and *WAI commands and the *OPC? query allow the application programmer to maintain controller/
device synchronization.

12.5.1 The *WAI Common Command

The *WAI command shall prevent the device from executing any further commands or queries until the No-Operation-
Pending flag is TRUE. No special provision is made for Sequential Commands because any preceding Sequential
Command will complete execution before the Parser hands the next command (including the *WAI command) to the
Execution Control block.
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12.5.1.1 A Sample Program Message Without the *WAI Command

An illustration of the use of the *WAI command is the following: Consider a data-logging device that is commanded
to take a measurement with the device-specific command START and to read the present time by TIME?. The START
command is an Overlapped Command and takes appreciable time to perform. The <TERMINATED PROGRAM
MESSAGE>

START; TIME? <PMT>

causes the device to take a measurement and return the time at which the measurement was begun. The timeline and
flags are shews-in-Hig12-2.

M
o

12.5.1.2 £

The <TER
START; *\

forces the
allows the
shown in H

START

B ]

TIME?

START Pending-Operation Flag
t
f

No-Operation-Pending Flag

i /

igure 12-2—Timing Diagram — Sample:Rrogram Message Not Using *WAI Commg3

. Sample Program Message With the *WAI Command
MINATED PROGRAM MESSAGE>
VAL, TIME? <PMT>

'TME? query responSe,to be the time at which the measurement was finished. Thus, the *WA]
hpplication programmer to force sequential execution of Overlapped Commands. The timeline a
ig 12-3.

START

nd

command
hd flags are

L 10 d

*WAI TIME?

START Pending-Operation Flag
t
f

No-Operation-Pending Flag
t

f /

Figure 12-3—Timing Diagram — Sample Program Message Using *WAI Command
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Detailed illustrations of the use of the *WAI command appear in Appendix B.

The *WAI command's holdoff action shall be canceled by power-on and by the dcas message. Since the *WAI
command holds off the device execution control until the No-Operation-Pending flag is TRUE, the commands *RST
and *CLS can have no effect on the operation of *WAIL.

12.5.2 The *OPC Common Command
The *OPC command allows synchronization between a controller and several devices. The OPC event-bit in the

Standard Event Status Register (ESR) is used to effect the synchronization. Detailed illustrations of the use of the
*QOPC conyrrarmd appcar TIT Appcudi)& B-

12.5.2.1 The Operation Complete Command Diagram

The *OPC|command shall perform as described in Fig 12-4 and the descriptions given throughout 12.5.2.

*OPC exccuted

Operation - Operation
ocis  Gmet s comet
Idle State - Active State

No-Operation-Pending flag=TRUE
OPC cvent-bit set in ESR

Figure 12-4—Operation Complete.Command Diagram

12.5.2.1.1 Operation Complete Command Idle State (OCIS)
The followjing conditions place the device into OCIS;

1) Pwer-on, see 5.12.

2) Receipt of the dcas message, see 5:8.
3) *CLS is executed, see 10.3.

4) *RST is executed, see 10.32.

The devicq shall exit OCIS and,enter Operation Complete Command Active State (OCAS) when the *OP( command
is executed.

12.5.2.1.94 Operation"Complete Command Active State (OCAS)
In OCAS, [the device continuously senses the No-Operation-Pending flag. When the No-Operation-Pendling flag is

sensed TRUEs the device shall set the OPC event-bit in the Standard Event Status Register (ESR), exit QCAS, and
enter Operption’ Complete Command Idle State (OCIS).

12.5.2.2 Sample Use of the *OPC Command

The previous example in 12.1 of the power supply, DVM, and device under test illustrates the effect of *OPC. The
problem is to program the DVM to take a measurement only after the power supply has finished changing its output
voltage.

The application programmer may enable bit 0 (corresponding to the OPC event-bit) in the Standard Event Status
Enable Register and also bit 5 (corresponding to the ESB summary-message) in the Service Request Enable Register
so that the device will request service whenever the OPC event-bit becomes TRUE. A <TERMINATED PROGRAM
MESSAGE> of

*CLS; VOLT 5.20; *OPC <PMT>
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then commands the power supply to clear its Standard Event Status Register and Status Byte, set its output voltage to
5.20 'V, and then request service once the output voltage is valid. After the service request is detected, the application
program can then command the DVM to take a measurement. The timeline and flags are shown in Fig 12-5.

12.5.3 The *OPC? Common Query

The *OPC? query allows synchronization between a controller and a device using the MAV bit in the Status Byte or
a read of the Output Queue. Detailed illustrations of the use of this function appear in Appendix B. Note that, unlike
the *OPC command described in 12.5.2, the *OPC? query does not in any way affect the OPC Event bit in the
Standard Event Status Register (ESR).

12.5.3.1 The *OPC? Query Diagram
The *OPCJ query shall perform as described in Fig 12-6 and the descriptions given throughout12.5.3.
12.5.3.1.1 Operation Complete Query Idle State (OQIS)
The followiing conditions place the device in OQIS:
1) P¢wer-on, see 5.12.
2) Receipt of the dcas message, see 5.8.
3) *CLS is executed, see 10.3.
4) *RST is executed, see 10.32.

The devicg¢ shall exit OQIS and enter Operation Complete Query Active State (OQAS) when the *OP(? query is
executed. Jee Fig 12-6.

—JLC d

*CLS  VOLT
]

*OPC

VOLT Pending=Operation Flag
t
f

No-Operation-Pending Flag
t

OPC Event bit
t

Figure 12-5—Timing Diagram — Sample Program Message Using *OPC Command
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pon .
d:;s 8pera{ion OPC? exceuted . 8pera{ion
1S omplete 0O0AS omplete
*COIr_S ’ 0oQ Query Q Query
o Idle State - Active State
*RST No-Operation-Pending {lag=TRUE

*“1” Placed in Output Queue

Figure 12-6 —Operation Complete Query Diagram

12.5.3.1.2 Operation Complete Query Active State (OQAS)

In OQAS, the device continuously senses the No-Operation-Pending flag. When the No-Operation-Pending flag is

sensed TR
the MAV b

12.5.3.2 §

The follow
(correspon
(disabled).

is then sen|
power supj
the respon

12.5.3.3 §

The follow
message)
PROGRAN

is sent to ]
commande¢

While read
attendant
holdoff sta
and the O]

[E, the device shall place an ASCITI character 1 in the Outpuf Queue. A consequence of this_aq
it in the Status Byte will become TRUE. The device shall also exit OQAS and enter OQIS(

ample Use of the *OPC? Query — No Service Request

ing technique of using the *OPC? query avoids the use of service requests) and serial p
Hling to the MAV summary-message) in the Service Request Enable Register is set to a va
The<TERMINATED PROGRAM MESSAGE>

VOLT 5.20; *OPC? <PMT>

to the power supply. The application program then attemptsto read the *OPC? query respon
ly. The device will not put a response to the *OPC? intoghe\Output Queue until the voltage is
e is received, the controller commands the DVM to take a measurement.

ample Use of the *OPC? Query — ServicelRequest Method

ing technique makes use of service requestiand serial poll. Bit 4 (corresponding to the MAV]
n the Service Request Enable registen s  set to a value of one (enabled) and the <TER|
1 MESSAGE>

VOLT 5.20; *OPC? <PMT>

he power supply. The power supply requests service when the output voltage is valid. Then t
d to take a measurement)

ing the response to.the *OPC? query removes the complication of dealing with service requg
erial poll, it has\the penalty that both the system bus and the controller handshake are in a
e while the.eontroller is waiting to read the *OPC? query response. The method using the *OP(
PC event-bit in the Standard Event Status Register or the method using the *OPC? query an

summary-tnessdgein the Status Byte Register both require the use of a serial poll. However, they allo

system bu

5 and.the controller to perform other operations while waiting for the service request.

tion is that

olls. Bit 4
ue of zero

e from the
alid. After

summary-
MINATED

he DVM is

sts and the
temporary
command
| the MAV
W both the

12.6 Synchronization With External-Control-Signals

The techniques described in this section may be used to provide synchronization between external-control-signals, as
defined in 5.6.1.4, and the application program. The device designer may provide device-specific Overlapped
Commands that depend upon receipt of external-control-signals. A device operation may be initiated by the command
and completed as a consequence of receipt of an external-control-signal.

For example, consider a DVM that has the command “TRG:EXT” to select an external trigger and the Overlapped
Command (and query) “MEAS?” to take a measurement when triggered. The DVM will make the Pending-Operation

flag TRUE

upon receipt of the following <TERMINATED PROGRAM MESSAGE>:

*CLS; TRG:EXT; MEAS? <PMT>
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After the external trigger signal is applied, the measurement is taken, and then the Pending-Operation flag is made
FALSE.

All the synchronization methods using the *WAI, *OPC commands, and the *OPC? query may be used with
Overlapped Commands that use external-control-signals.

12.7 Improper Usage of *OPC and *OPC?

The *OPC command and *OPC? query are intended to appear as the last <PROGRAM MESSAGE UNIT> in a
<PROGRAM MESSAGE->. The result of the <TERMINATED PROGRAM MESSAGE>

*CLS; OL1; OL2; *OPC; OL3 <PMT>

will depenfl upon the relative timing of the completion of the device operations started by the “OL1” and “OL2”
Overlappedl Commands and the execution of the “OL3” Overlapped Command.

The No-Operation-Pending flag may still be FALSE when the Overlapped Command “OL3’iseXecuted. In this case,
the OPC ejent-bit becomes TRUE when the Overlapped Command “OL3” is finished bécause the No{Operation-
Pending flg does not go TRUE before the Pending-Operation flag corresponding to the(“OL3” command goes TRUE.
The timelife and flags for this case are as shown in Fig 12-7.

[—LC d

*CLS OL1

C 3
OL2
L 4 ]

*OPC OL3

OL1 Pending-Operation Flag

t
f

OL2 Pending-Operation Flag

t
f

OL3 Pending-Operation Flag
t
f

No-Operation-Pending Flag
t
f /

OCAS
t
f

OPC Event bit
t

Figure 12-7—Timing Diagram — Improper Operation Example 1

However, if the No-Operation-Pending flag becomes TRUE before the Overlapped Command “OL3” is executed, then
the OPC event-bit will already be TRUE. The timeline and flags for this case are as shown in Fig 12-8.
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12.8 Design Considerations

This section is intended to guide the device designer in choosing which commands should be Overlapped Commands
and which should be Sequential commands. It also provides guidance to the device designer about how the No-

Operation-Pending flag shall be generated.

12.8.1 Overlapped Commands

In general, a device designer will want to make commands sequential if they complete in a short time and overlapped
if they take a long time to complete. “Short time” and “long time” must be considered in the context of other device

commands

For example, consider a data logger that can back up its data to tape without interrupting the logging'of new
back up takes I h to complete, so the backup operation should be overlapped. Assume that logging new d

data. This
ata takes 1

min. This is a long time compared to many of the device operations (for example, responding-to *STB? qyery), but a

short time fompared to the backup operation.

[—LC i

*CLS  OLI
[—]

OL2
C T ]

*OPC OL3

OL1 Pending-Operation Flag

t
f

OL2 Pending-Opetation Flag

t
f

OL3Pending-Operation Flag
t
f

No-Operation-Pending Flag
t
f

OCAS

T
f

OPC Event bit

FOCON

NOTE: If OL1 or OL2 operation is extended beyond *OPC, then OL3 will decide the time at which the OPC event occurs.

Figure 12-8—Timing Diagram — Improper Operation Example 2
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Consider the case in which the device designer chooses to make the data-logging operation overlapped. When the
application program commands the data logger to take a measurement, the No-Operation-Pending flag will go FALSE
for 1 min and then TRUE. If the application program commands the data logger to take a measurement while a backup
operation is in progress, the No-Operation-Pending flag will remain FALSE until the backup completes, possibly as
long as 1 h. During this time, the application program has no way of knowing whether the measurement is complete.

Now consider the case in which the device designer chooses to make the data logging operation sequential. This may
be an acceptable solution since the “MEASURE” command by itself will not cause a delay. If the controller attempts
to send additional commands before the data logging operation is complete, then the controller and bus will be
“stalled” until the data logger is ready to execute the new commands. Note that this method is very sensitive to device
implement aiion. It the device has no Input buiier, sending the <IEKMINATED PROGKAM MESSAGEX

MEASURE; <space> <PMT>

could caus¢ the device to wait after the semicolon until the measurement completes and it is ready to accept the rest of
the <TERMINATED PROGRAM MESSAGE>. A “reasonable length” input buffer, see 6,15, would be lafge enough
to hold thg command, extra whitespace, and <PROGRAM MESSAGE TERMINATORS so that the bus|handshake
would not pe stalled during the measurement.

If the hypdthetical data logger had to return some data to the controller at the'erid of each measurement| sequential
operation would not be acceptable since the controller and bus would be stalléd for the duration of each mefasurement.
In this casd, the device designer might choose to ignore the “BACKUP’-Pénding-Operation flag when detefmining the
state of thg No-Operation-Pending flag. (The “device-defined subset®/in 12.4 would not include the “BACKUP”
Pending-Operation flag.) This would allow the application programmer to use the standard *WAI, *OPC, and *OPC?
commands| to synchronize measurements. The device designer.would have to provide some other device-specific
means of determining when the backup operation had compléted.

The device designer could also create a device-specific.command to select which pending-operation flags would affect
the No-Opgration-Pending flag. This would allow_thé-application programmer to use the *WAI, *OPC, and *OPC?
commands|to wait for the measurement to complete, for the backup to complete, or both.

12.8.2 Expcution Error Handling

If a <PROGRAM MESSAGE> causes.an Execution Error, the associated operation is aborted, the Pending-Operation
flag is made FALSE, and the device reports an Execution Error.

12.8.3 Operation Complete
The devicd designer(shall determine the point in time when Overlapped Commands complete their associgted device

operations] The following principles shall be followed in determining when to set the Pending-Operation flag FALSE
for each aspogiated device-defined Overlapped Command.

The device designer must realize the importance of the requirements of this section. These requirements allow
application software to determine when external components of a system may utilize the results of a device operation.
Thus, the device shall not prematurely report that an operation is complete. The device may indicate that the operation
is complete anytime after the operation really is complete.

The device designer may include special hardware, such as sensors, for the device to determine when an operation is
complete. Alternatively, the device designer may design the device to wait for an appropriate amount of time to elapse.
Any method is acceptable as long as the results of an operation are valid whenever the device reports that operation to
be complete. A device that reports an operation to be complete when, in fact, it is not, is either misapplied, out of
calibration, or defective. A signal generator connected to a short circuit is an example of a misapplication. For each
command, the device documentation shall specify the functional criteria that are met when an operation complete
message is generated in response to that command.
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The criteria that shall be satisfied before an operation is reported complete are shown separately for two classes of
devices: stimulus-devices, see 12.8.3.1, and response-devices, see 12.8.3.2. A device may contain functions of both

types.

12.8.3.1 Stimulus-Devices

A stimulus-device generates a signal that is used to stimulate an external piece of equipment in a system. An example
of a stimulus-device is a power supply.

When a device-specific Overlapped Command causes the device to generate a signal, the device shall not indicate that
the associafed pending operation 1s complete until one of the following has occurred:

1) The signal on its output port is in a valid state.
2) The operation has been aborted.

The devige may provide device-specific commands that allow the application pregtammer to select which
characterisfics of the signal applied at the device's output port will set the Pending*Operation flag FALSE. For
example, these commands might select the accuracy to which an output signal must settle before the devige indicates
that an opgration is complete.

12.8.3.2 Response-Devices

A responsg-device is a device that responds to an externally provided\signal. An example of a response{device is a
DVM that measures an external signal.

When a deyice-specific Overlapped Command causes the device to respond to an external signal, the devige shall not
indicate thjit the associated pending operation is complete‘until one of the following has occurred:

1) The response is complete.

2) The operation has been aborted.

3) The device is ready for the controller to begin a read operation in response to a query Overlapped Command.
The devige may provide device-specific commands that allow the application programmer to select which

characterisfic(s) of the response sets the Pending-Operation flag FALSE. For example, these commands night select
the degree jof accuracy to which-the'signal is measured.

13. Automatic System Configuration

13.1 Intrpduction

When a test system is configured or reconfigured, addresses must be assigned to the devices so that the controller
application program can send messages to and receive messages from the desired devices. This section provides tools
in the form of protocols, commands, and guidelines to automate this task for devices independent of compliance with
IEEE 488.2 . It also discusses how the information generated by the tools can be used by an application program to
automatically adjust to test system hardware changes.
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13.2 Overview

The following protocol and common command combinations support automatic configuration:

Controller Protocol Common Command Purpose of Combination
. . . . To find non-address-configurable IEEE 488.1
*
Find Listeners Disable Listener (*DLF) and IEEE 488.2 devices (*AAD/*DLF not
(see 17.6) (see 10.6 and 13.4.1) —_
implemented)

Set Address Accept Address (*FAAD)  To find address-configurable IEEE 488.2

(see 17.7) (see 10.1 and 13.4.2) devices (*FAAD/*DLF implemented)

An overvigw of the use of these combinations is given below and does not represent. an actual implgmentation.
Fig 13-1 illustrates a comprehensive search of devices on an IEEE 488.1 bus.

Search for non-address-configurable devices
(Find Listeners/Disable Listener combination)

Y

Search for address-configurable devices
(Set Address/Accept,Address combination)

END

Figure 13-1—Comprehensive Device Search

The Non-Address-Configurable Device Search, in turn, is comprised of the elements shown in Fig 13-2 fpllowed by
the Addresp-Configurable Device Search elements in Fig 13-3.

The Find Llisteners controllex protocol mentioned in Fig 13-2 and Set Address in Fig 13-3 are further described in Figs
13-4 and 1B-5, respectively. Set Address protocol interacts with the Accept Address common command of Fig 13-6 to
implement|the Addréss;Configurable Device Search.

START

Disable Listener function of address-configurable
devices using Disable Listener

Y

Search for non-address-configurable devices using
Find Listeners

END

Figure 13-2—Non-Address-Configurable Device Search
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Return address-configurable devices to the
listening state using DCL

Y

Search for address-configurable devices using
Set Address

The Set Ad

The Preser
detected by

search until one entire identifier is acquired, see Appendix C. At this. point, only~one device is left partici

the contro
Device-Ide
addresses.

13.3 Ger

13.3.1 Address Assighment

The metho
The non-a
program i
describing

END

Figure 13-3—Address-Configurable Device Search

dress controller protocol and Accept Address common command interact as follows:

t-Identifier-Byte procedure in each device endeavors to guide the controller to its current byt
the Acquire-Byte procedure in the controller. The Acquire-Byte procedure acquires each byte Y

ler's Configure-Device procedure assigns the device an addresscthat is accepted by the device
ntifier procedure. This scenario repeats until all devices lave been detected and have bee

eric Approach to Automatic System Configuration

1 of address assignment described below-is'a generic approach and may be tailored to specific red
ldress-configurable devices are detected first, followed by address-configurable devices. The
responsible for supplying a listtef addresses to be searched for the presence of devices §
the desired final configuration:

Procedure Procedure Purpose

Invokes the Find Listeners Protocol

Calling Procedure and may be contained in the

e, which is
ia a binary
pating, and
's Present-
n assigned

uirements.
application
nd a table

A application program, utility, etc.
primary addresses
addresses found
to be occupied
searched
Y Checks addresses in input list for
- dd listeners by checking NDAC after
Primacy Address ATN is FALSE.
A
primary addresses
addresses found
found occupied
vacant
L ] Checks for extended addresses
having primary addresses in
Exter]);i;(l (ﬁxi(g)(lress the input list found to be
vacant.

Figure 13-4—Find Listeners Protocol
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13.3.1.1 Types of Devices
Three types of devices may reside on an IEEE 488.1 bus:
1) Non-IEEE 488.2 devices

2) Non-address-configurable devices (no *AAD)
3) Address-configurable devices (implement *AAD)

The first two types are defined as non-address-configurable. The third type is defined as address-configurable.

13.3.1.2

Non-addreps-configurable devices are detected by an address probing routine (controller Find Listengrs pi

otocol, see

17.6) that gearches each address specified in the input address list for a listener device or devices, Daring the poll, the
listener capabilities of the address-configurable devices are disabled by the *DLF common”command (Disable
Listener Fynction, see 10.6) to prevent them from responding to the poll. The protocol performs the search by noting
if the NDAC line is TRUE after the address is sent. If so, a device(s) exists. Otherwise{the address location is empty.

If the addr¢ss location is occupied, the address is stored in a non-address-configurablé-address table.
13.3.1.3 Address-Configurable Device Detection

Address-canfigurable devices are detected via a binary searching routine (controller Set Address protocol,

see 17.7.2,

and the *AAD Common Command). Each device seeks detection by guiding the controller to its identifier with its
Listener anjd Service Request functions. The identifier is made up.of the first three fields of the *IDN? quefy response
(manufactyrer, model number, and serial number) and the device’s current listen address. Once an ifentifier is
detected, the controller assigns an address to the associated(device according to a user-supplied configurption table.
The table| will normally exclude addresses occupied. by the non-address-configurable devices fo prevent

communicfition conflicts.
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Calling Routine

address space ' 1
to be searched updated error
~and configuration status
configuration table
table
i
Set-Address Procedure
(17.7.5.1)
| A
. address
field device assigned
field returned detected and-table
search or no updated
request field Y
detected Configuré-Device
Procedure (17.7.5.5)
Acquire-Field
Procedure (17.7.5:3)
A
byte byte returned
search or no byte
request detected

Acquire-Byte
Procedure (17.7.5.4)

PROCEDURE
Cglling Routine

Sqt-Address Procedure
17.7.5.1)

Cénfigure-Device

PROCEDURE PURPOSE

Invokes the Set Address Protocol and may be contained in the application program, of a

utility, etc.

Searches for address-configurable devices in the input address space, manages the

acquisition of device identifier fields, see 13.4.2.2, and configures the device.

Updates configuration table to include the device detected and assigns an address to that

Procedure (17.7.5.5)

Acquire-Field
Procedure (17.7.5.3)

Acquire-Byte Procedure
(17.7.5.4)

device.

Manages the acquisition of bytes within a device identifier field, see 13.4.2.2.

Performs a binary search to identify the lowest active device identifier data byte being
presented by a device(s) and instructs only that device to continue participating.

Figure 13-5—Set Address Protocol
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Procedure Procedure Purpose

Invokes the common command upon

Calling Procedure receiving *AAD and resides in the

A device’s firmware.
*AAD dcas
command
received
Y
Canses identifier to be repeatedly
ngﬁﬁgti?; ir;sj 1 presented to the controller until the
i entire identifier is acquired by the
controller.
search device
initiated detection
status
Y Ensures fields are presented to thé
Present-Device-Identifier controller in the correct order (via
Procedure (13.4.2.4.2) Present-Identifier Field) and accepts
an address
A if successfully detected by the
controller. If the device is
¢ h not successfully detected, the Accept-
gszen :erltriccipating Address precedure is informed.
status
Engures bytes within a field
Y are presented in order to the
Present-Identifier-Field controller and informs the Present-
Procedure (13.4.2.4.3) Device-Identifier procedure if the
I device is not successfully detected.
present search
a byte of participating
a field status
Guides controller to the current byte
of the device’s identifier and, if
1 ] unable, informs Present-1dentifier-
- Field procedure that the device was
P;?gggé:?:'(‘?fi’fg% not successfully detected.
Figure 13-6 —Accept-Address Common Command
13.3.1.4 §ystem Configuration Table

After all devices have been detected, the application program may create a system configuration table that lists each
of the devices detected by these protocols. This application program may also place other data into the table, such as
that returned by the *RDT? or *PUD? common queries. A number of the controller protocols described in Section 17.
require an input list of addresses. The application program may use the system configuration table to provide these
addresses to the protocols. Thus, the application software can automatically adjust itself in response to any
configuration or reconfiguration of the test system that it controls.

13.3.1.5 Limitations

The Find Listeners protocol cannot detect multiple devices at the same address. Thus, the user is responsible for
ensuring that each non-address-configurable device resides at a unique address. The protocol also will not work if
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there are devices in the system that take more than 1 ms to cease listening after the controller sends ATN FALSE
when they are not addressed.

The Set Address protocol will unambiguously detect every address-configurable device regardless of its address,
except when an identifier is not unique. Such a situation can occur if two like devices have “0” for a serial number and
their addresses are the same at the start of the search. If the user changes one of these addresses, then the searching
method will operate correctly.

The Set Address protocol will not work if any non-address-configurable device in the system asserts SRQ TRUE
during the Set Address protocol. In some cases, serial polling all devices found by the Find Listener protocol before

starting thj Set Address Protocol may be sullicient to clear the SRQ line. In other cases, some other means must be
used to make these devices set SRQ FALSE for the duration of the protocol.
13.3.1.6 Rrocedure

1) S¢nd all primary and extended listen addresses, which causes all devices in the system to listen.
2) S¢nd dcas message *DLF <NLAEND> and wait 100 ms, which disables all{address-configurable devices
frpm listening.
3) S¢nd *CLS <NLAEND>. This command clears the Query Error in all\non-address-configuralple devices
cqused by receiving the unrecognized command, *DLF, and causes theny'to release SRQ.
4) Pg¢rform Find Listeners protocol at all addresses. Each address is tested for the presence of ngn-address-
configurable devices. Afterwards, all of those devices are unlistened.
5) Place the non-address-configurable devices (found in the previeus step) into the system configurjtion table.
6) S¢nd DCL and wait 100 ms, which restores address-configurable devices to normal listening operation
(LACS or LADS).
7) Pgrform the Set Address protocol on all currently’listen-addressed devices. This protocol identifies all
address-configurable devices, but does not change their current addresses.

8) Place address-configurable devices into the syStem configuration table.

9) Pg¢rform the Set Address protocol again to assign new addresses to address-configurable devices.

The applidation program should include only devices that need to be assigned new addresses in this sfep. (If the
application] program does not need to assignSpecific addresses to specific devices, this step may be omitfed.) At the
conclusion|of this procedure, the systein configuration table contains a list of

1) Alddress-configurable deviees, including their manufacturer, model number, serial number, and adldress
2) Npn-address-configurable device addresses

13.3.2 Deyvice Identification

The manufacturersand model number of a device may be used by an application to assign a type of flevice (for
example, DVMpower supply) to a particular bus address. In some applications, keeping a record of which specific
pieces of tgst'equipment were used for a given test is important. For example, this information can be used fo maintain
a calibration history of a device.

13.3.2.1 Addition of Non-IEEE 488.2 Devices

At the conclusion of the previous procedure, the system configuration table includes the manufacturer, model number,
serial number, and address for each address-configurable device. The table contains only the address for each non-
address-configurable device. The application must obtain the remaining three pieces of information for non-IEEE
488.2 devices from the keyboard, a disk file, or other source. Non-IEEE 488.2 devices must be identified in the
system configuration table so that they can be excluded from IEEE 488.2 -specific procedures.
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13.3.2.2 Addition of IEEE 488.2 Non-Address-Configurable Devices

After the non-IEEE 488.2 devices are identified, the application may use the “*IDN?” query to fill in the rest of the
table entries for non-address-configurable devices.

13.3.2.3 Additional Configuration Commands

A number of common commands and queries are available to provide information useful within an automatic test
system. These commands include Protected User Data (*PUD and *PUD?), Resource Description Transfer (*RDT
and *RDT?), Calibration (*CAL?), and Option Identification Query (*OPT?).

Because th
if a particyl
its own kn
query, and|
command.
with the fo

NOTE —

13.4 Det
13.4.1*D

The *DLH

ese and other related common commands are optional, the application program must be abletq
lar device has implemented a given command or query. The application may derive thijs,inforn
bwledge of a device's capabilities from a Resource Description. Another way is tosend the ¢
use the device's required status reporting facilities to determine if the devicecdoes not imp
For example, the application program could determine if the device implements the *RDT? con]
[lowing procedure:

Duotes around data strings are not part of the data sent.

1) Send “*ESE 1;*SRE 32 ;*CLS<NLAEND>.” This <TERMINATED PROGRAM MESSA(
reporting of the OPC event (only) and clears the status registers.

implement the operation complete (*OPC) command<The  device will set the OPC event bit in
Event Status Register when it executes the *OPC cemmand. (An assumption is made that the d
pending operations, which is a reasonable a$sumption during system initialization.) The
eventually set the Event Status Bit (ESB, bit;5) in the device's Status Byte Register and cau
request.

3)  The application may wait for the service\request signal or may repeatedly poll the device until
status byte indicates a service request (RQS TRUE). (The application should not assume that a sef
is caused by this device, but should always check the device status byte before continuing.)

4)  Send “*ESR?<NLAEND>" witheut attempting to read the *RDT? query response. Note that this
a violation of the normal device message exchange protocol, see Section 6., and may cause tl
indicate a Query Error, whieh'the application program is choosing to ignore.

5) Read the *ESR? response."The Operation Complete (OPC, bit 0) event bit should be TRUE (valy
Command Error (CME,.bit 5) event bit will be FALSE (value of 0) if the device does implemen
common query and TRUE (value of 1) if the device does not. The application program shoul
Query Error (Q¥E, bit 2) event bit, which may or may not be set.

hiled Requirements of the Auto Configuration Commands
| F Common Command Requirements

common command shall disable the device's normal Listener' function until a Device CI
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Listener Idle State (LIDS) within 100 ms after the device's acceptor handshake enters Acceptor Wait for New Cycle
State (AWNS) on the last byte of the following <TERMINATED PROGRAM MESSAGE>:

*DLF<NLAEND>

where “DLF” may be in any mixture of uppercase or lowercase. This timing requirement does not apply if

1) This is not the first <PROGRAM MESSAGE UNIT> received after the dcas message.
2) Any other syntactic elements are sent with the *DLF command before the <PROGRAM MESSAGE
TERMINATOR>.

3) A

ny <PROGRAM MESSAGE TERMINATOR> other than <NLAEND> is used.
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If the device receives a *DLF command that is not the first <PROGRAM MESSAGE UNIT> received after the dcas
message, or is not the only <PROGRAM MESSAGE UNIT> in a <PROGRAM MESSAGE>, it shall indicate an
Execution Error and shall not execute the *DLF command.

The device shall not indicate an error solely because the *DLF is preceded or followed by whitespace or because a
<PROGRAM MESSAGE TERMINATOR> other than <NLAEND> is used; but it may not meet the timing
requirement.

After receiving *DLF, the Listener function shall remain disabled until the device receives a dcas message. During this
time, the Talker function, status reporting mechanism, and Controller function (if present) may continue normal

operation
Addressed

T may be disabled. The device shall return to normal operation with the Listener function
State (LADS) or Listener Active State (LACS) within 100 ms after receiving the dcas message:.

shall also feturn to normal operation in Listener Idle State (LIDS) following power-on or the Interface

interface nj
13.4.2*A

The *AAD
normal inp

13.4.21 L

The devic
Handshakdg

*AAD<NI|
where “AA

H T
2) Al

T
3) Al

If the devig
message, d
Execution

*AAD s p
is used; bu

essage, but shall not return to normal operation because of any other IEEE 488.1 bus conditior).

AD Common Command Requirements

common command prepares the device to participate in the controller's Set‘Address protocol. T
ut buffering, command processing, and status reporting mechanisms are-disabled during the prd

Jevice Protocol Initiation

e shall be ready to participate in the Set Address protecol/within 100 ms after the device’
function enters AWNS on the last byte of the followingd <TERMINATED PROGRAM MESSA

AEND>
D” may be in any mixture of uppercase or lowercase. This timing requirement does not apply i

his is not the first <PROGRAM MESSAGE UNIT> received after the dcas message.

hy other syntactic elements are sent with the *AAD command before the <PROGRAM ]
ERMINATOR>.

hy <PROGRAM MESSAGE TERMINATOR> other than <NLAEND> is used.

e receives an *AAD ,eommand that is not the first <SPROGRAM MESSAGE UNIT> received aff
r is not the only <PROGRAM MESSAGE UNIT> in a >SPROGRAM MESSAGE>, it shall

Frror and shall not€xecute the *AAD command. The device shall not indicate an error solely t
receded or fellowed by whitespace or a <PROGRAM MESSAGE TERMINATOR> other than <

it may not'meet the timing requirement. The device shall return to normal operation at the en

shall not rdtupn, to/normal operation because of any other IEEE. 488.1 bus condition. If a device receives

n Listener
The device
[lear (IFC)

he device’s
tocol.

5 Acceptor
GE>:

—

MESSAGE

er the dcas
ndicate an
ecause the
NLAEND>
| of the Set
essage, but
h pon, IFC,

Address piutocol or-following power-on (pon), the Interface Clear (IFC) interface message, or the dcas m)

or dcas prjior t0 being assigned an address, it shall retain the address it possessed prior to the execution of this

command.

13.4.2.2 Device ldentifier

Each device that implements this command shall have an identifier made up of four fields:

1) Manufacturer
2) Model number
3) Serial number
4)  Current address
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For proper operation of this command, each byte of the identifier must have a decimal value greater than 31 and less
than 127, and the identifier must be unique among all devices in the system. The first three fields of this identifier shall
be identical to the first three fields of the Identification Query (*IDN?) query response. The fourth field shall consist of
a single data byte (decimal value 32 through 62) that is identical to the device's current listen address and, if the device
implements extended addressing, another data byte (decimal 96 through 126) that is identical to the device’s current
secondary address.

13.4.2.3 Protocol Operation

13.4.2.3.1 Overview

During thg Set Address protocol, the controller attempts to identify each address-configurable deviee|within the
system by pearching for a unique identifier. The controller identifies one device in each pass through\the prptocol. The
search ordgring is lexicographic by fields, with characters ordered according to their ASCII codes” If a field in one
device's identifier is an initial substring of the same field in another device's identifier, the deviee'with the longer field
will be foupd first. During the pass, devices drop out of the search until only the first device (in the above ¢rdering) is
left. At thelend of the pass, the controller assigns an address to that device. Once assignédyan address, a devjice ignores
subsequen{ bus traffic until all devices have been identified. The controller then restarts’'the search with thg remaining
devices. This process continues until all address-configurable devices have’ been identified and assigned new
addresses.

13.4.2.3.4 SR Interface Function

The controller uses a binary search technique to find each bytelin ‘the identifier. The device uses its SR interface
function tol guide the controller through the search. The device shall send the rsv message FALSE if the yalue of the
data byte presented by the controller is less than or equal to_the value of the byte in the device's identifier. [The device
shall send fhe rsv message TRUE if the value of the data byte presented by the controller is greater than the value of
the byte in|the device's identifier. The device shall sendithe rsv message FALSE when the search has reacljed the end
of an identjfier field, or when the search has reached\the end of the identifier.

13.4.2.3.3 Timing Requirements

The devicg shall send the correct value of the rsv message within i ms of the device’s acceptor handshake entering
AWNS. THe device shall not make, a transition from ANRS to ACRS (in preparation for the next byte) until the rsv
message is|stable.

13.4.2.3.4 Address Assignment

When the flevice has been identified, it shall accept one data byte from the controller. The value of this|byte is the
device's ngw listem-address. The device shall set its primary address to the value of the lower five bits of this byte, and
shall set it primary talk address so that the lower five bits of MLA and MTA are identical.

A device utilizing extended addressing shall accept an additional data byte from the controller. The device shall set its
secondary address to the value of the lower five bits of this byte.

The device's Listener function shall not enter Listener Idle State (LIDS) when the new addresses are assigned, but
shall remain in Listener Active State (LACS).

13.4.2.4 Algorithms

The following algorithms define a correct implementation of the *AAD command. The device shall implement these
algorithms or a functionally equivalent procedure.
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13.4.2.4.1 Accept-Address Procedure

Accept-Address watches for the STX character, ASCII character with the value 02 (2 decimal), that marks the start of
a search pass. Present-Device-Identifier is called to present the device's identifier. If the device is not first in the search
order, Present-Device-Identifier returns with the device-detected flag set FALSE. If the device-detected flag is FALSE,
Accept-Address continues reading and discarding bytes until another STX character is received, indicating the start of
a new search pass. If the device-detected flag is TRUE, this device has been identified. Accept-Address reads and
discards all data until a dcas message restores normal operation.

BEGIN Accept-Address

R¢ad data-byte
UNTIL data-byte is ASCII STX (*decimal value of 2*)
Perf¢prm Present-Device-Identifier
(* Ptesent-Device-Identifier will set device-detected TRUEIf
the gontroller has successfully identified this device *)
END

WHILE NOT in DCAS state
Read 4nd discard data bytes

Enable ifput buffer

Enable nprmal command processing

Enable device status reporting
END Accept-Address
13.4.2.4.9 Present-Device-Identifier Procedure
Present-Dgvice-Idenfifier presents the four fields of the device’s identifier to the controller. If all four fi¢glds match,

Present-Dgvice-Identifier accepts the device’s new address from the controller. If any field does not matdh, Present-
Device-Idgntifier.is exited.

BEGIN Present-Device-Identifier
Set current-field to manufacturer
Set participating TRUE
WHILE participating is TRUE
BEGIN
Perform Present-Identifier-Field
(* Present-Identifier-Field will set participating FALSE if there is
another device on the bus whose identifier comes prior
to this device's identifier in the search order.*)
IF participating is TRUE
THEN
BEGIN
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IF current-field is address
THEN
BEGIN
Set device-detected to TRUE
Set participating to FALSE
END
ELSE
CASE current-field OF
BEGIN
manufacturer: Set current-field to model number

model number. Set current-1ield to serial number
serial number: Set current-field to address
END

END

IF device-detected is TRUE
THEN
BEGIN
Read data-byte (* Signals end of identifier through SRQ
being FALSE *)
IF data-byte is 127
THEN
BEGIN
Read data-byte
Assume primary address indicated by data-byte
IF device implements extended addressing
THEN
BEGIN
Read data-byte
Assume secondary address indicated by data-byte
END
END
ELSE
Set device-detected to FALSE
(* Another device has-an-address field which is a superset
of this device's address field *)
END
END Presgnt-Devic¢-Identifier

13.4.2.4.3 Present-ldentifier-Field Procedure

Present-Identifier-Field presents successive bytes of the current search field to the controller.

BEGIN Present-Identifier-Field

Set identifier-byte-pointer to beginning of current-field
Set end-of-field to FALSE

WHILE participating is TRUE AND end-of-field is FALSE
BEGIN
Perform Present-Identifier-Byte
(* Present-Identifier-Byte will set participating FALSE if
there is another device on the bus whose identifier
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comes prior to this device's identifier in the
search order. *)
IF identifier-byte-pointer is at end of current-field
THEN
Set end-of-field to TRUE
ELSE
Increment identifier-byte-pointer
END

IF participating is TRUE

THEN
BEGIN

(¥ Signals end of this field by returning SRQ FALSE for the

search of the next character. *)

Read data-byte

Jet rsv message FALSE

END

END Presdnt-Identifier-Field
13.4.2.4.4 Present-ldentifier-Byte Procedure

Present-Id¢ntifier-Byte presents one byte of the device's identifier tothe’controller. It uses the SR interfage function
to guide tHe controller through a binary search for the lowest-value identifier byte in the system. The|controller
signals thelend of the search by presenting the identifier byte with'the most significant bit set. Present-Identifier-Byte
checks thaf this byte matches the device's identifier byte. The participating flag is set FALSE if the byle does not
match. Thip mismatch will cause a return to Accept-Addréss, which will discard data bytes until the next gass.

BEGIN Pr¢sent-Identifier-Byte

Read daja-byte
IF data-byte is 127
THEN
BEGIN
Jet rsv message TRUE
Jet DIO8-detect FALSE
\WHILE DIOS8-detect is FALSE
BEGIN
Read data-byte
IE data-byte is between 0 and 127
THEN
BEGIN
(* The controller is guided through the binary search
by the device with the lowest-value byte at
the current position within the identifier. *)
IF data-byte is GREATER THAN current identifier byte

THEN
Set rsv message TRUE
ELSE
Set rsv message FALSE
END
ELSE
BEGIN

(* The controller has set the most significant bit of
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ENI
END
ELSE (* A
d
BEGIN
Set rsv

Set partjicipating FALSE

END

END Presd

13.5 Adg
Addresses
in order to

controller

The basic

configuring and reconfiguring automatic #test systems. This section describes only a few of the co

techniques
masks that

13.6 Examples

See Appen

14. Con

the byte to indicate that it is done searching and
this is the value of the lowest valued byte in this
position. It is placing that byte on the bus so
that the device can determine if it should continue
participating in the search. *)
Set rsv message FALSE
Set DIO8-detect TRUE
IF data-byte is NOT EQUAL to

(current identifier byte +128)

THEN

Set participating FALSE
END
D

superset field, excluding address, of another device is
ptected *)

message FALSE

nt-Identifier-Byte

itional Automatic Configuration Technigques

and identifications of test system devices represent only a portion of the information the contr
perform tasks requested by the user. That is, calibration dates, programming codes, etc., are reqy
to ensure that the test requirements of the @ser are transformed into valid actions by the test sys

techniques provided in this sectionimay be utilized by the application programmer to ease

that are possible. For exampleythe system configuration table can be expanded to include serv
are automatically sent to the devices when the table is created or updated.

Hix C for application examples.

bller needs
ired by the
tem.

the task of
nfiguration
ice request

rroller Compliance Criteria

A device must have certain capabilities as described in previous sections. This section lists the capabilities that this
standard requires in a system controller. A controller may optionally contain additional capabilities. Any optional

controller

capabilities that are described by this standard are also listed.

Compliance for a controller is divided into several areas that are considered separately. A controller must satisfy all

the require

14.1 IEE

A controll

d functionality in each of the areas in order to comply with this standard.

E 488.1 Requirements

er shall contain these IEEE 488.1 subsets and no others, see Table 14-1.
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IEEE 488.2
IEEE 488.1 Interface Function IEEE 488.1 Subsets Section
Source Handshake SH1 15.1.2
Acceptor AH1 15.1.3
Talker if C5, C7,C9, Cl1, C17, C19, C21, or C23 15.1.2
then TS, T6, TES, or TE6
else T7, T8, TE7, or TE8
[istener L3, IA, LE3, or LE4 15.1.3
Service Request if C5, C7, C9, Cll, C17, C19, C21, or C23
then SR1
else SRO
Remote Local RLO or RL1
Parallel Poll PPO or PP1
Device Clear DCO or CD1
Device Trigger DTO or DT1
Controller 15.1.1
System Controller Cl1
Send IFC and Take Charge Cc2
Send REN C3
Respond to SRQ C4

Send Interface Messages and
Take Control Synchronously

one of C5, C7, C9, Cl11, C13, C15, C17,

C19, C21, C23, C25, or C27

A controller shall meet the requirements of IEEE Std 488.1-1987 [4]. It shall also meet all requiremen{s stated in

Section 15

of this standard.

14.2 Megsage Exchange Requirements

14.2.1 Rer.]uired Control Sequences

Each of the control sequences listed in Table 14-2 and described in Section 16. shall be implemented individually in a

controller.

14.2.2 Op

tional Control Sequences

Each of the control sequences listed in Table 14-3 and described in Section 16. may be implemented individually in a

controller.
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14.3 Protocols
14.3.1 Required Protocols

Each of the controller protocols listed in Table 14-4 and described in Section 17. shall be implemented individually in
a controller.

Table 14-2—Required Control Sequences

Requires IEEE 488.1

—C€ontrol-Sequence—————Section Subset
SEND COMMAND 16.2.1 one of C5-C28
SEND SETUP 16.2.2 one of C5-C28
SEND DATA BYTES 16.2.3 one of C5-C28
SEND 16.2.4 one of C5-C28
RECEIVE SETUP 16.2.5 one of/C5-C28
RECEIVE RESPONSE MESSAGE 16.2.6 one,of"C5-C28
RECEIVE 16.2.7 one of C5-C28
SEND IFC 16.2.8 C2
DEVICE CLEAR 16.2:9 one of C5-C28
ENABLE LOCAL CONTROLS 16.2.10 C3
ENABLE REMOTE 16.2.11 C3
SET RWLS 16.2.12 C3 and one of C5-C28
SEND LLO 16.2.13 C3 and one of C5-C28
READ STATUS BYTE 16.2.18 one of C5-C28
TRIGGER 16.2.19 one of C5-C28
Table 14-3—Optional Control Sequences
Requires IEEE 488.1
Control Sequence Section Subject
PASS'*CONTROL 16.14 C5,C7,C9,0r Cll
PERFORM PARALLEL POLL 16.15 C5,C9,C13,C17,C21, or C25
PARALLEL POLL CONFIGURE 16.16 C5, C9, C13,C17,C21, or C25
PARALLEL POLL UNCONFIGURE 16.17 Cs5, €9, C13,C17,C21, or C25

Table 14-4—Required Protocols

Protocol Keyword Section
RESET 17.1
ALLSPOLL 17.3
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14.3.2 Optional Protocols

The controller protocols listed in Table 14-5 and described in Section 17. may be implemented in a controller.

Table 14-5—Optional Protocols

Protocol Keyword Section
FINDRQS 17.2
PASSCTL 17.4
REQUESTCTL 17.5
FINDLSTN 17.6
SETADD 17.7
TESTSYS 17.8

14.4 Functional Element Handling

A controll

br shall have the capability of sending all the IEEE 488.2 functional syntactic elements described

7. A controller shall have the capability to receive all the IEEE 488.2«/functional syntactic elements d

Section 8.

14.5 Cor

Informatio
supplied wj

H A
2) Al
3) Al
4 A
5) Al
6) Al
a
b
C

itroller Specification Requirements

h about how the manufacturer implemented, controller requirements relating to this standaj
ith the controller documentation by the manufacturer. This information shall include

list of IEEE 488.1 Interface Functien-Subsets implemented, see Section 15..
list of control sequences that can*be performed by the controller, see 16.2.
list of protocols that can be performed by the controller, see Section 17.
description of how the various functional elements are sent and received by the controller, see|
ny buffer size limitations'shall be described, see 7.7.6 and 8.7.9.
description of how fimeouts work, see 15.2 and 15.3.2, including
How timeouts ‘ar¢ turned on and off
If the timing.1s done on a byte or message basis
The allowable time values for the timeout

in Section
bscribed in

d shall be

14.4.

15. IEEqE 488.2 Controller Requirements

15.1 Controller Interface Function Requirements

This section describes the IEEE 488.1 interface function requirements of a controller. It also specifies the additional
requirements of a controller that are directly associated with the ten IEEE 488.1 interface functions. These
requirements are intended to supplement the IEEE 488.1 specification for the instrument system environment as

described 1

n this standard.
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15.1.1 Co

ntroller Requirements

The controller shall have the following Controller function capabilities: system controller (C1), send IFC and take
charge (C2), send REN (C3), respond to SRQ (C4), send interface messages (one of C5-C27), and take control
synchronously (one of C5, C7,C9, C11, C13,C15,C17,C19, C21, C23, C25, C27). Receive control (one of C5-C15),
pass control (one of C5-Cll or C17-C23), pass control to self (one of C5, C7, C17, C19), and parallel poll (one of C5,
C9, C13, C17, C21, C25) are optional capabilities.

15.1.2 Talker Requirements

For IEEE
TES-TES.
a serial pol
Talker sub

~Z device-specilic message transmission,
hese subsets mandate the basic talker with unaddress if MLA. Optional capability includes.res
and having a talk-only mode. Complete Source Handshake (SH1) capability is also required to
et.

15.1.3 Ligtener Requirements

For IEEE 4
LE3-LEA4.
only mode

88.2 device-specific message reception, the controller shall contain one 0f’the Listener subset
[hese subsets mandate the basic listener with unaddress if MTA with @ptienal capability to cont

15.1.4 Parsing Control Requirements

If a contro
have the th
C4 are req
the TS5, T6

ler is expected to execute the protocol described in 17:4.and 17.5 for passing and returning con
e subset capability to “Pass Control” and “Take Cofitrol Synchronously.” That is, subsets C1, (
hired along with a choice of either C5, C7, C9, or €ll. A controller that can pass control shall 4
TES, or TE6 Talker function subsets that suppott serial poll.

15.1.5 Electrical Requirements

A controll
collector d
drive the D
PPAS, the

488.1 syst
drivers to d

15.2 Adg

r shall implement the E2 electrical interface option (see IEEE Std 488.1-1987 [4], Appendix
Fivers shall be used to drive the SRQ, NRFD, and NDAC signal lines. Three-state drivers shall
AV, EOI, ATN, REN, and IEC signal lines. When an IEEE 488.1 device in an IEEE 488.1 syst¢
tontroller shall use three-state drivers to drive the DIO1-8 signal lines. If an IEEE 488.1 device

bm is in PPAS, the controller shall use open collector drivers or the high-impedance state of]
rive the DIO1-8 signallines as appropriate to the controller's current operation.

itional IEEE 488.2 Controller Requirements

A controllpr shall,have

Complete Acceptor Handshake (AH1) capability is also requiredo'support the Listener subsef.

s T5-T8 or
ponding to
support the

s L.3-L4 or
hin a listen-

rol, it shall
2, C3, and
Iso contain

C2). Open
be used to
m is not in
n the IEEE
three-state

1 A
a)
b)
¢)
d)

TrIeans of providing fow=tevel buscontrot viaapptication software to imdependerntty attow the
Pulse IFC TRUE for greater than 100 us.
Set the REN signal line either TRUE or FALSE.
Send singly or in any combination any interface message defined in IEEE 488.1.

er to

Send and detect the IEEE 488.1 END message (that is, the EOI signal line TRUE and the ATN signal

line FALSE handshook with a data byte).

2) The facility (either directly or via the application program) to input and output the codes, formats, protocols,
and common commands as defined in this standard.

3) The facility to sense the state (TRUE or FALSE) of the SRQ line.

4) The facility to sense FALSE to TRUE SRQ line transitions. Timing of application program actions following

th

e transition is beyond the scope of this standard.

5) The facility (either directly or via the application program) to examine the status byte on a bit basis.
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6) The facility to detect the error condition of the controller attempting to source handshake a byte while all
other devices are in AIDS and relay the error to the application program.
7) The facility to timeout on controller-to-device and device-to-controller message exchange and have the
ability to relay the occurrence of a timeout to the application program. A timeout occurs when a single
handshake or a sequence of handshakes are not completed within an allocated time. The application program
shall be able to enable and disable this facility. The controller documentation shall include information on
how timeouts are controlled.

15.3 IEEE 488.2 Controller Recommendations

15.3.1 Mgnitoring Bus Lines

For diagngstic use, controllers may monitor the IEEE 488.1 signal lines and report their status.or transi
application] program. If the controller does not implement the SETADD and FINDLSTN, common
protocols, |the application programmer needs to monitor NRFD and NDAC to perform(these proto
applicatior] layer.

15.3.2 Timeouts

The capabillity to vary the value of the timeout is recommended. The range and\resolution is controller dep
shall be dofumented.

15.3.3 SRQ Interrupts

It is requir
a controllg
applicatior
the current

bd that a controller be able to sense and report FALSE to TRUE transitions of SRQ, see 15.2. ]
r may optionally provide a means for an applieation program to branch to a specified sec
program when SRQ changes from FALSE te{TRUE. The SRQ servicing routine may delay exe
message is completely transmitted or received, it may start executing immediately after the g

byte is conppletely transferred, or it may delay execution until a convenient time for the controller.

16. Controller Message Exchange Protocols

Fig 16-1c

ntains the logical model\of a controller.

ions to the
controller
ols at the

endent, but

n addition,
ion of the
ution until
urrent data
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IEEE 488.1 bus (6.1.1)

A

Y

IEEE 488.1 bus signals

IEEE 488.1 driver (16.1.1)

A
IEEE
dati END addresses 488.1 state

)

control

controller

Lt
7 conditions

Y

programming environment (16.1.2)

A

data messages errors

Y Y

application program (16.1.3)

16.1 Definitions

16.1.1 IEEE 488.1 Driver

This elem¢nt contains the state machines described in IEEE Std 488.1-1987 [4]. It also controls m|

sequencing of remote messages.

16.1.2 Programming Environment

Figure 16-1—Controller Model

(16.1.4

This block|provides capabilities related-to sending and receiving messages on the IEEE 488.1 bus to the
program. This standard describes which capabilities shall be supplied to the application program. The pr

environmeft is typically not written by the user or developer of the system. It is, instead, written by the m

ch of the

npplication
gramming
inufacturer

or supplief of the controllet. An operating system and programming language with possibly some exfra routines

would typifally comprise.a programming environment.

16.1.3 Application Program

The applic tron program is typlcally written by the user or developer of the system Th1s program i is written|

a specific teskein a
of this standard.

16.1.4 IEEE 488.2 Controller

to perform

1 the scope

The controller, described in Section 15., is the combination of the programming environment and the IEEE 488.1
driver. The application program interfaces with the controller to perform IEEE 488.1 operations. Many aspects of this
combination are beyond the scope of this standard. Only those aspects that are needed to ensure reliable
communication between the application program and the devices are specified.
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16.1.5 IEEE 488.1 Bus Signals

The IEEE 488.1 standard describes messages that are transmitted on the bus and exchanged between the device and
the bus. This element encompasses those messages.

16.1.6 DAB

See 6.1.4.2.1.

16.1.7 END

See 6.1.4.2

2.

16.1.8 Control Sequence

Control seg
the contro

juences are requests to send IEEE 488.1 remote messages. Control sequences putthe state machi
ler and devices into certain desired states.

16.1.9 Addresses

Addresses
a control s

An addres|
secondary
used.

A controll
both prima

This stand4
controller
message. A
Many tech

In general
between zd

16.1.10 IE

The IEEE

refer to talk and listen addresses of devices and controllers on thé€ bus. Addresses are always pa
Equence.

5 has two components. The first component is the primary address and the second compo
nddress. If the second component is null (a zero secendary address is not null) only the primary

ry and secondary addresses (extended addressing).

may require that the applicationsprogram supply the address explicitly with every request td
Iternatively, a data structuré mdy exist that allows a very sophisticated method of determining
hiques exist, and may be.used, to generate addresses within the controller.

passing the entire seven bits of a complete primary or secondary address is not necessary.
ro and thirty could be passed along with the information that it is either a talk, listen, or second

EE 488.1 State Conditions

188. h_driver contains state machines described in IEEE 488.1. State conditions are indication

states the s

nes in both

rameters to

hent is the
address is

pr shall provide the user with the capability 1§ send only primary addresses as well as the capabillity to send

rd places no requirements on how addresses are passed from the application program to the confroller. The

transfer a
hn address.

A number
ry address.

s of which

fate 'hachines are in at any given time. The operating system or programming language occasio

hally needs

to interrogate the current state conditions to be sure messages are being reliably transferred.

16.1.11D

ata Messages

Data messages are either <PROGRAM MESSAGE> or <RESPONSE MESSAGE> functional elements.

16.1.11.1

<PROGRAM MESSAGE>

A <PROGRAM MESSAGE> is a sequence of data bytes that is transferred from the controller to a device with ATN
FALSE. The meaning of a <PROGRAM MESSAGE> is, in general, device-specific, see Section 7.
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16.1.11.2

<RESPONSE MESSAGE>

A <RESPONSE MESSAGE> is a sequence of data bytes that is transferred from the device to the controller with
ATN FALSE. The meaning of a <RESPONSE MESSAGE> is, in general, device-specific, see Section 8.

16.1.12C

ontroller Errors

Controller errors are indications to the application program that the controller was unable to completely perform a

request fro

16.2 Cor

Control se
known to b
program th

Some cont
is the con
sequences
16.2.1 SE
The SEND
commands

or that ma
COMMAN

ATN shall
16.2.2 SE

The SENI}
transferred|

One or mo|

m the application program.

itrol Sequences

juences send one or more IEEE 488.1 remote messages. This standard describes those sequen
e valuable to application programmers. Additional sequences may also be made available to the
at are beyond the scope of this standard.

'ol sequences are combinations of other control sequences. If a controllerSupplies a control se
bination of several other control sequences, the controller shall alsojsupply the subordin
ndividually.

ND COMMAND

COMMAND control sequence allows the application program to send an arbitrary sequence o
This control sequence allows the user to construct control sequences that are not described in th
y not be supplied with the controller. One or more 7 bit commands shall be passed with
D control sequence. The IEEE 488.1 driver shall

set ATN TRUE@nd EOI FALSE
FOR each command passed
send the.eommand with DIO8 FALSE
NEXF command
be held TRUE and EOI held FALSE until another control sequence makes them change.
ND SETUP

SETUP control sequence configures the system bus so that a <PROGRAM MESSAG
from the controller to a device. It is also used in some other control sequences.

re listen ‘addresses shall be passed with the SEND SETUP control sequence. The IEEE 488.1 di

es that are
hpplication

juence that

hte control

f ATN-true
is standard
the SEND

E> can be

iver shall

set ATN-TRUE amd EOTFALESE
send the controller's talk address
send the IEEE 488.1 unlisten message (UNL)
FOR each listen address passed
send the listen address
NEXT listen address

ATN shall be held TRUE and EOI held FALSE until another control sequence makes them change.
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16.2.3 SEND DATA BYTES

The SEND DATA BYTES control sequence is used to transfer DABs from a controller to a device. No addresses are
passed with the request to perform a SEND DATA control sequence The application program shall, however, pass a list
of zero or more DABs and a terminator. The IEEE 488.1 driver shall

NOTE —
|{

ATN shall
At the conl

1IEEE 488.
controller
having firs
shall send
last DAB 3

At least foyir useful terminators exist:

1) N[ with END — required.

2) S
th
3) N
m
S

4)

si

When send

16.2.4 SH

The SEND

set ATN FALSE

FOR each data byte passed
send a data byte

NEXT data byte

send the terminator

f the terminator is the END message, the terminator is actually sent with the last data byte and-net)sepal

remain FALSE while the data bytes and terminator are transferred.
pletion of the sequence, ATN is FALSE and all currently addressed devicés temain addressed.

D <PROGRAM MESSAGE> elements, see Section 7., are commeonly terminated by NL wi
shall provide a means for the application program to send an IEEE\488.1 device-specific messa

specified a message terminator. If the application program has not specified a terminator, the
NL with END as the terminator. A controller is also requifed)to have the capability to send EN
s a terminator. The controller may also allow the application program to select alternative terny

end the last DAB with END — required. "This terminator allows messages to be sent to IEEE 48§
at; terminate only on the END message
pll, that is, send nothing — requiredi.The null terminator allows a single message to be sent ir
ultiple SEND DATA BYTES.
end one or more application program supplied special characters (for example, NL or CR LF) wi
optional. This terminator allows messages to be sent to non-IEEE 488.2 devices that relay atta
bnificance to the END«message.

ing data messages-to devices, the application program should use the first alternative.

ND

confrol sequence is used to transfer a complete <PROGRAM MESSAGE> from a controller {

ately. If the

prminator is the END message and no bytes are passed, the controller shall indicate an error to the application program.

h END. A
ge without
controller
D with the
inators.

.1 devices
pieces via

thout END
h a special

D a device.

One or mo

€ [1STen addresseS shall be passed with the SEINND control Sequence. /A 1IST 01 one or more data bytes and a

terminator shall also be passed. The method of passing the required information is purposely left unspecified. The

terminator

shall default to NL with END. The IEEE 488.1 driver shall

execute a SEND SETUP
with the supplied listen addresses
execute a SEND DATA BYTES
with the supplied data bytes and terminator
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