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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGHER PERFORMANCE PROTOCOLE FOR THE STANDARD DIGITAL
INTERFACE FOR PROGRAMMABLE INSTRUMENTATION -

Part 1: General

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization

HP 1l ' l L + + | L TS VAl =fad NP L HYY AY Tk | + £l C 1 t
compristrg—eatratieral—etectrotechricaleommittees—HEGC Nateoral—Cemmittees—TFhe—ebjeet—ofIEC is to

pronjote international co-operation on all questions concerning standardization in the eleétrical and
elecfronic fields. To this end and in addition to other activities, IEC publishes International ‘\Standards,
Technical Specifications, Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter
refefred to as “IEC Publication(s)”). Their preparation is entrusted to technical committees;+any IEC National
Comjmittee interested in the subject dealt with may participate in this preparatory work. Interpational,
govgrnmental and non-governmental organizations liaising with the IEC also participate)in this preparation.
IEC |collaborates closely with the International Organization for Standardization (ISO) in accordapce with
conditions determined by agreement between the two organizations.

2) The |formal decisions or agreements of IEC on technical matters express,“~as nearly as posgible, an
interhational consensus of opinion on the relevant subjects since, each technical commitjee has
représentation from all interested IEC National Committees.

3) IEC Publications have the form of recommendations for international @ise and are accepted by IEC National
Comjmittees in that sense. While all reasonable efforts are made t6,ensure that the technical content of IEC
Publfcations is accurate, IEC cannot be held responsible for ¢he‘way in which they are used or| for any
misipterpretation by any end user.

4) In ofder to promote international uniformity, IEC National Sommittees undertake to apply IEC Pubjications
trangparently to the maximum extent possible in their national and regional publications. Any difergence
betwleen any IEC Publication and the corresponding, national or regional publication shall bqg clearly
indigated in the latter.

5) IEC |provides no marking procedure to indicate its approval and cannot be rendered responsible| for any
equipment declared to be in conformity with an(l{EC Publication.

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

Interndtional Standard IEC/IEEE-'60488-1 has been processed through subcommittepe 65C:
Digital| communications, of 1EC technical committee 65: Industrial-process measufement
and control.

This standard cancels-and replaces the second edition of IEC 60625-1 (1993).

At timgs in thissstandard, specific reference is made to IEEE Std 488.1-1987, which constituted
an earlier version of IEEE Std 488.1-2003, the IEEE edition upon which this standard is[based.
Where|specific dated references were made to the 1987 edition, these references have been
mainta|ned:

Furthermore, it is to be noted that full compatibility of this standard with IEC/IEEE 60488-
2:2004 requires implementation of all revisions indicated previously in the IEEE Introduction.
Therefore, readers of this standard are encouraged to read also the companion standard IEEE
Std 488.2-1987, which constitutes an earlier edition of IEC 60488-2:2004.

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

IEEE Std FDIS Report on voting
488.1 (2003) 65C/319A/FDIS 65C/343/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.

[Published by IEC under licence from IEEE. © 2003 IEEE. All rights reserved. |
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This publication has been drafted in accordance with the ISO/IEC Directives.

The committee has decided that the contents of this publication will remain unchanged until
2009.

IEC/IEEE 60488 consists of the following publications:

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

e Standard digital interface for programmable instrumentation — Part 2: Codes, formats,
protocols and common commands (60488-2).

[ Published by IEC under licence from IEEE. © 2003 IEEE. All rights reserved. |
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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 Internatlonal Standard is whoIIy vquntary The IEC and IEEE dlsclalm I|ab|l|ty for
A A indirect,
ce upon

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

The exigtence of an IEC/IEEE Dual Logo International Standard does not imply that(there are no other{ways to
produce] test, measure, purchase, market, or provide other goods and servicesrelated to the scopp of the
IEC/IEEE Dual Logo International Standard. Furthermore, the viewpoint exprgsSsed at the time a stapdard is
approvefd and issued is subject to change brought about through developments in the state of the|art and
commerts received from users of the standard.

Every IEEE Standard is subjected to review at least every five years{for revision or reaffirmation. [When a
documeft is more than five years old and has not been reaffirmed, it.is¢treasonable to conclude that its qontents,
although still of some value, do not wholly reflect the present staté,of the art. Users are cautioned to gheck to
determine that they have the latest edition of any IEEE Standard.

In publishing and making this document available, the (EC€-'and IEEE are not suggesting or réndering
professipnal or other services for, or on behalf of, any person.or entity. Neither the IEC nor IEEE is undertaking
to perfoym any duty owed by any other person or entity'd6 another. Any person utilizing this, and aphy other
IEC/IEEE Dual Logo International Standards or IEEE ‘Standards document, should rely upon the addice of a
competgnt professional in determining the exercise of-reasonable care in any given circumstances.

Interprefations — Occasionally questions may arisg.regarding the meaning of portions of standards as the¢y relate
to specific applications. When the need for interpretations is brought to the attention of IEEE, the Inst|tute will
initiate @ction to prepare appropriate responses. Since |IEEE Standards represent a consensus of cgdncerned
interestq, it is important to ensure that any interpretation has also received the concurrence of a bajance of
interestg. For this reason, IEEE and the\members of its societies and Standards Coordinating Commitfees are
not ablgl to provide an instant respahsge to interpretation requests except in those cases where the mgatter has
previougly received formal consideration.

Comments for revision of IECAEEE Dual Logo International Standards are welcome from any interestgd party,
regardlgss of membership affiliation with the IEC or IEEE. Suggestions for changes in documents shoyld be in
the form| of a proposed change of text, together with appropriate supporting comments. Comments on sfandards
and requiests for interprétations should be addressed to:

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

AuthoriZation-to\photocopy portions of any individual standard for internal or personal use is granted by the
Institute| ofElectrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright
Clearange,'Cénter. To arrange for payment of licensing fee, please contact Copyright Clearance| Center,
Customer—Servite; 222 Rosewood Drive; Danvers, MA 01923 USA+1+978 7508400 Permissiomtophotocopy
portions of any individual standard for educational classroom use can also be obtained through the Copyright
Clearance Center.

NOTE - Attention is called to the possibility that implementation of this standard may require use of subject
matter covered by patent rights. By publication of this standard, no position is taken with respect to the
existence or validity of any patent rights in connection therewith. The IEEE shall not be responsible for
identifying patents for which a license may be required by an IEEE standard or for conducting inquiries into the
legal validity or scope of those patents that are brought to its attention.

[Published by IEC under licence from IEEE. © 2003 IEEE. All rights reserved. |
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IEEE Introduction

IEEE Std 488™ has enjoyed continuous and widespread use since its initia publication in 1975. The first
revision occurred in 1978 as a result of practical experience and recognition that certain clauses needed
clarification to improve compatibility among independently designed products. No major changes were
made in 1978; many changes were pure editorial; however, 20 clauses had textual changes with technical
implications, although none contradicted the concepts as defined in the original publication. Supplement A
was introduced in 1980 to correct one minor deficiency in the controller function related to “take control
synchronously.”

R related
work dn |EEE 488 device-dependent message syntax structures. In addition, there was a strong desirg on the
part of|both |EEE participants and our IEC colleagues to bring equivalent standards (IEC 625:1)intq closer
alignnient. |EEE Std 488.1-1987 represents the culmination of this review cycle. Again, no‘mgjor teghnical
changes were made, and care was exercised to preserve compatibility with earlier versiens of IEEE Sd 488.

The I1HEEE Std 488.1-2003 specification adds new interface functions to allow~designers the opfion of
implementing noninterlocked handshake transfers.

In pregaring this specification, several stylistic changes to IEEE Std 488.1:1987 were necessary to brjng the
document up to | EEE standards. The following changes were made:

— | Clause 1, which previously consisted of an overview, definitions, and references, was divided into
three separate sections. Clause 1 now contains the overview, Clause 2 contains references, and
Clause 3 contains definitions.
— | The first level of ordered lists was previously .numbered (1, 2, 3...). To comply with the IEEE
standards, the first level of ordered lists is now lettered (a, b, c...), and the second level of grdered
listsis numbered (1, 2, 3...).
— |Inthe earlier version of this specificatiorytables had no grids. Grids have been added to the tgblesin
thisversion.

The IHEE 488.1-2003, |IEEE Standard-for Digital Interface for Programmable Instrumentation, degds with
systens that use a byte-seria, bit-paralel means to transfer digital data among a group of instruments and
syster] components. The interface-system described herein is optimized as an interdevice interfgce for
syster] components in relatively close proximity able to communicate over a contiguous party-line bus
system].

This dpcument contains, seven sections as follows:

— | Clause 1 cbntains the scope, the object, and summary description of the interface.

— | Clause-2.contains hel pful references.

— | Clause 3 contains basic definitions.

— [ Clause 4 deals with functional concepts and specifications of the interface system described|in this
standard. One or more interface functions contained within a device are each able to process
messages and change states to maintain an orderly flow of information among a set of interconnected
devices.

— Clause 5 deals with the electrical realization of the interface in order to transfer messages among a
set of interconnected devices.

— Clause 6 deals with the mechanical realization of the interface in order to implement the electrical
aspects of the interface system.

— Clause 7 deal s with system considerations that must be given to the design of an individual devicein
order to make it compatible with other devices of a measurement system.

[ Published by IEC under licence from IEEE. © 2003 IEEE. All rights reserved. |
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accordance with this standard.

— Annexes deal with explanatory matter and examples.

Clause 8 deals with system considerations that must be recognized by the user of devices designedin

In order to interconnect and program equipment designed in accordance with this standard, the user should
have knowledge of Clause 1 and Clause 8. If the coding and transfer of messages is not done automatically
by the apparatus to be programmed, it will be necessary that the user have knowledge of Clause 4. General
familiarity with the other sections is recommended. The user must also be familiar with device-dependent
characteristics of apparatus that may be used in a system, but that are beyond the scope of this standard.

This standard defines an interface with the objective to assure that messages may be accurately

communicated between two or more devices in a system, but it does not guarantee that eachdg
interpret properly all possible messages sent to it or will properly generate al necessary messages
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gurators must have sufficient awareness of the options included in each of the devicesin thel
der to ensure that the correct communication techniques are used.

standard does not specify the device-dependent or operational *characteristics required for

nditional compatibility.
1987 version of this standard was based on worklinitiated by the International Electrg

B), and it follows the genera concepts of a standard prepared by the IEC. In 1992, the IEEE
ing group enhanced the 1987 standard to imprave performance over IEEE Std 488.1-1987.

“helpful note” on metric threads found in‘previous editions has been deleted because metric t
mmon |EEE Std 488 practice. Consequently, the recommendation to coat such partsin black nf
bttention to metric threadsis also considered unnecessary. Electrical conductivity on the surfac
is, however, still considered essential.

nts

tion is called to the possibility that implementation of this standard may require use of subje
ed by patent rights/By publication of this standard, no position is taken with respect to the exi
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vice will
A wide
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ude their
. System
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ance that it will grant licenses under these rights without compensation or under reasonable

rates and

isCriminatory, reasonable terms and conditions to all applicants desiring to obtain such Iicerp

ses. The

| EEE makes no representation as to the reasonableness of rates and/or terms and conditions of the license
agreements offered by patent holders. Further information may be obtained from the |EEE Standards
Department.

Interpretations and errata

I nterpretations and errata associated with this standard may be found at one of the following Internet
locations:

— http://standards.ieee.org/reading/ieee/interp/

— http://standards.ieee.org/reading/ieee/updates/errata/

[Published by IEC under licence from IEEE. © 2003 IEEE. All rights reserved. |
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HIGHER PERFORMANCE PROTOCOL
FOR THE STANDARD DIGITAL INTERFACE
FOR PROGRAMMABLE INSTRUMENTATION —

Part 1: General

1. Overview

1.1 Spope

This sfandard applies to interface systems used to interconnect both programmable and nonprograrpmable
electrgnic measuring apparatus with other apparatus and accessariés necessary to assemble instrumentation
systens. It applies to the interface of instrumentation systems, or portions of them, in which the

a) | Dataexchanged among the interconnected apparatus is digital (as distinct from analog)
b) | Number of devicesthat may be interconnected by one contiguous bus does not exceed 15
c) | Total transmission path lengths over the'interconnecting cables does not exceed 20 m
d) | Datarate among devices does not exceed 8 000 000 B/s
The basic functional specifications of ‘this standard may be used in digital interface applications that [require
longer]distances, more devices, increased noise immunity, or combinations of these. Different electrical and

mechanical specifications may-be required (for example, symmetrical circuit configurations, high threshold
logic, gpecial connectors;-or-cable configurations) for these extended applications.

This standard may,also'be applicable to other instrumentation system elements, such as processors, stimulus,
display, or storage devices, and terminal units found useful in instrumentation systems. It applies generally
to labgratory<and production test environments that are both electrically quiet and restricted as to physica
dimengi ons\(distances between the system components).

This standard deals only with the interface characteristics of instrumentation systems to the exclusion of
design specifications' consideration of radio-interface regulations, performance requirements, and safety
requirements of apparatus.

NOTE—For the latter two items, reference is made to IEC 61010-1: 2001, and IEC 60359:2001.1

For information on references, see Clause 2.
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Throughout this standard, and insofar as further distinction is not necessary, the term “system” denotes the
bit-parallel byte-serial interface system that, in general, includes all circuits, cables, connections, message
repertoire, and control protocol to effect unambiguous data transfer between devices; and the term “device’
or “apparatus’ denotes any programmable measurement device or other product connected to the interface
system that communicates information via, and conforms to, the interface system definition.

A primary focus of this standard is to set forth an interface system to interconnect self-contained apparatus
to other apparatus by externa means. This same standard may be applied to interconnecting the internal sub-
sections within a self-contained equipment.

1.2 Opjeet
ThissLndard isintended

a) | To define ageneral-purpose system for use in limited-distance applications

b) | To specify the device-independent mechanical, electrical, and functiona interface requirements that
the apparatus shall meet in order to be interconnected and to communicate 'Unambiguously Via the
system

c) | To specify the terminology and definitions related to the system

d) | To enable the interconnection of independently manufactured<apparatus into a single functional
system

€) | To permit devices with awide range of capability—from<¢he simple to the complex—to be infercon-
nected to the system simultaneously

f) | To permit direct communication among the devices without requiring al messages to be roufed to a
control or intermediate unit

g) | To define asystem with a minimum of restrietions on the performance characteristics of the dglevices
connected to the system

h) | To define a system that permits asynchferious communication over a wide range of data rates

i) | Todefineasystem that, of itself, may be relatively low cost and permits the interconnection ¢f low-
cost devices

j) | Todefineasystem that is easy-to use

1.3 Interface system overview

1.3.1 Interface system objective

The oyerall purpése-of an interface system is to provide an effective communication link over|which
messagies are carried in an unambiguous way among a group of interconnected devices.

M essafjes (quantities of information) carried by an interface system belong to either of two broad catggories:

a) Messages used to manage the interface system itself, hereinafter called interface messages

b) Messages used by the devices interconnected via the interface system that are carried by, but not
used or processed by, the interface system directly, hereinafter called device-dependent messages

NOTE—The detailed specification of device-dependent messages is beyond the scope of this standard.
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1.3.2 Fundamental communication capabilities

An effective communication link requires three basic functional elements to organize and manage the flow
of information to be exchanged among devices:

a) A deviceacting asalistener
b) A deviceacting as atalker
c) A deviceacting as acontroller

In the context of the interface system described by this standard

a) | A device with the capability to listen can be addressed by an interface message to receivie flevice-
dependent messages from another device connected to the interface system.

b) | A device with the capability to talk can be addressed by an interface message to| send ¢levice-
dependent messages to another device connected to the interface system.

c) | A device with the capability to control can address other devices to listen or tg'talk. In additipn, this
device can send interface messages to command specified actions withirmother devices. A |device
with only this capability neither sends nor receives device-dependent messages.

NOTE+The use of the word controller throughout this standard applies strictlysto’the management (control) of the
interfage system and does not imply the broad capabilities typically associatedhwith the word in the data prqcessing
context} Further classification of the controller will be made in Clause 4,to-distinguish between different fypes of
controller capabilities related to the interface system.

Listengr, talker, and controller capabilities occur individually or in any combination in devices
intercdnnected via the interface system, as shown in Figure .

In add{tion to the basic listener, talker, and controllerfunctions, the system provides interface messpges to
accomplish the following operations:

a) | A serial poll sequence may be initiated when a device (with talker function) requires some action by
the controller, by transmitting thé.service request message. The controller will then obtain the status
byte of all possible devicesinsequence to ascertain which required service.

b) | The Parallel Poll function provides a device with the ability to transmit on the controller’s demand
one bit of status information (request service) simultaneously with severa other devicgs. The
assignment of a data line to a particular device for the response to a parallel poll may be
accomplished through interface messages.
¢) | The DeviceClear and Device Trigger functions provide a device with the ability to be initialjzed or
triggered; respectively, on command from the controller. This may occur simultaneously with other
selectedhor al devicesin a system.
d) | Thewremote/local function provides a device with the ability to accept program data from the bus,
[ocal data (for example, front panel contrals), or both.
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Device A /
Able to talk, \]
listen, and control
(e.g. calculator) < D——— Data Bus
o /
UTVILC D
Able to talk \/
and listen
(e.g. digital
multimeter)
(f—\\ Data/Byte
Device C /\ Transfer Control
Only able \/
to listen
(e.g. signal
generator)
< > General Interface
Device D / Management
Only able \/
to talk
(e.g. counter) DIO1...8
DAV
NRFD
NDAC
IFC
ATN
SRQ
REN
EOI
Figure 1—Interface capabilities and bus structure

1.3.3 Message paths and bus structure

The interface system contains a set of 16 signal lines used to carry al information, interface messages, and
device-dependent messages among interconnected devices.

Messages may be coded on one or a set of signal lines as determined by the particular message content and
its relationship to the interface system.

[ Published by IEC under licence from IEEE. © 2003 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=422ccb87061a22926c0f01d20d1995cf

—14 - IEC 60488-1:2004(E)
|EEE 488.1-2003(E)

The bus structure is organized into three sets of signal lines:

a) Databus, eight signal lines
b) Databyte transfer control bus, three signa lines
c) Genera interface management bus, five paths

Figure 1 illustrates the basic communication paths.
A set of eight interface signal lines carries all 7 bit interface messages and the device-dependent messages

D101 (data input output 1)

DI1Q8 (data input output 8)

Messagje bytes are carried on the DIO signal lines in a bit-parallel byte-serial form, @synchronougy, and
genergly in abidirectional manner.

NOTE+-A message may be carried on an individual DI1O signal line when required.

A set of three interface signal lines is used to effect the transfer of each byte.of data on the DIO signgl lines
from atalker or controller to one or more listeners:

a) | DataValid (DAV) is used to indicate the condition (availahbitity and validity) of information|on the
DIO signal lines.
b) | Not Ready For Data (NRFD) is used to indicate the condition of readiness of device(s) to accapt data
or (by asource) to indicate to all acceptors that itiscapable of supporting noninterlocked handshake
cycles.
c) | Not Data Accepted (NDAC) is used to indieate the condition of acceptance of data by devicels).

The DAV, NRFD, and NDAC signal lines operate in what is called a three-wire (interlocked) handshake or
a nonimterlocked handshake process to transfer each data byte across the interface.

Five interface signa lines are usedto-manage an orderly flow of information across the interface:

a) | Attention (ATN) is used (by a controller) to specify how data on the DIO signal lines arg¢ to be
interpreted and whith devices must respond to the data.
b) | Interface Clear (IFC) is used (by a controller) to place the interface system, portions of which are
contained in«allinterconnected devices, in a known quiescent state.
c) | Service Request (SRQ) is used by a device to indicate the need for attention and to reqiiest an
interruption of the current sequence of events.
d) | Remote Enable (REN) is used (by a controller), in conjunction with other messages, to engble or
disable one or more local controls that have corresponding remote controls.
€) Endor fdentfy (EOT)isused (Dy atalker) to indicate the end of amultiple byte transi er sequence or,
in conjunction with ATN (by a controller), to execute a polling sequence.

1.3.4 Interface system elements
The primary elements of thisinterface system are as follows:

a) Functional elements
b) Electrical elements
¢) Mechanical elements

Each is described in afollowing clause.
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2. References

This standard shall be used in conjunction with the following standards. For this standard, all references have
been updated to reflect the most recent editions. When these references have been superseded by an approved
revision, the revision shall apply. For undated references, the latest edition of the referenced document
(including any amendments) applies.

ANSI X3.4-1986, American National Standard Code for Information Interchange Coded Character Set—7-Bit.”

IEC 60068-2 (all parts) Environmental Testing — Part 2: Tests.”

IEC61 1012001 —QofaterId . e =1 dqan 1= . b AA- P al fsarr] 11 o1 t
1U=1.2UV1, oau.,t_y l\bkiullblll\/lllb ITUL LLicvuivar J_z\iUlPlllLdlL TUTL IVICASUIVITIVIIL, CUIIU VUL, allu L pora Ory

Use — Rart 1: General requirements.
IEC 60B59:2001: Electrical and Electronic Measuring Equipment — Expression of Performance.

MIL STD 202F (1986), Test Method for Electronic and Electrical Component Parts.*

3. Definitions

For the] purposes of this recommended practice, the following terms and. definitions apply. The Authqritative
Dictionary of IEEE Standards Terms, Seventh Edition, should be referenced for terms not defined in thiq clause.

3.1 General system terms

3.1.1 compatibility: The degree to which devices mayde interconnected and used, without modiffication,
when designed as defined throughout this standard (for-example, mechanical, electrical, or functional).

3.1.2 handshake cycle: The process whereby digital signals effect the transfer of each data byte acfoss the
interfage by means of a sequence of status-and control signals. It may be interlocked or noninterflocked.
Interlo¢ked denotes a fixed sequence of events in which one event in the sequence must occur before 1he next
event njay occur.

3.1.3 igterface: A common boundary between a considered system and another system, or between pgrts of a
system] through which information is conveyed.

3.1.4 interface system: The device-independent mechanical, electrical, and functional elementy of an
interfade necessary to effect communication among a set of devices. Cables, connector, driver and feceiver
circuity, signal ling descriptions, timing and control conventions, and functional logic circuits are|typical
interfade system(elements.

3.1.51dcal éontrol: A method whereby a device is programmable by means of its local (front or reaf panel)
controlp in‘order to enable the device to perform different tasks. (Also referred to as manual control.)

3.1.6 programmable: That characteristic of a device that makes it capable of accepting data to alter the state
of its internal circuitry to perform a specific task(s).

3.1.7 remote control: A method whereby a device is programmable via its electrical interface connection,
enabling it to perform different tasks.

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

*[EC publications also are available in the US from the Sales Department. American National Standards Institute, 11 West 42nd Street,
113 Floor, New York, NY 10036, USA.

*MIL publications are available from Customer Service, Defense Printing Service, 700 Robbins Ave., Bldg. 4D, Philadelphia, PA
19111-5094.
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3.1.8 system: A set of interconnected elements constituted to achieve a given objective by performing a
specified function.

3.2 Units connected via the interface system

3.2.1 programmable measuring device: A measuring device that performs specified operations on com-
mand from the system and may transmit the results of the measurement(s) to the system.

3.2.2terminal unit: A device that terminates the considered interface system and by means which a connec-
tion (and translation, if required) is made between the considered interface system and another external
interface system.

3.3 S{gnals and paths

3.3.1 Hidirectional bus: A bus used by any individual device for two-way transmission of messages, [that is,
both irput and output.

3.3.2 hit-parallel: Refersto a set of concurrent data bits present on a like number of\signal lines Yised to
carry ipformation. These data bits may be acted upon concurrently as a group (byt€) or independgntly as
individual data hits.

3.3.3 qus: A signal line or a set of signal lines used by an interface systemo which a number of devices are
connegted and over which messages are carried.

3.3.4 Qyte: A group of adjacent binary digits operated on as a unitand usually shorter than a computgr word
(frequently connotes a group of eight bits).

3.3.5 Qyte-serial: A sequence of bit-parallel data bytes used\to carry information over a common bug.

3.3.6 High state: Therelatively more positive signal™level used to assert a specific message content pssoci-
ated wjth one of two binary logic states.

3.3.7 lpw state: Therelatively less positive sigha level used to assert a specific message content asspciated
with ope of two binary logic states.

3.3.8 9gnal: The physical representation of information.

NOTE+-For the purpose of this standard, thisis a restricted definition of what is often caled “signa” in more|generd
terms, gnd it is hereinafter referfed'to digital electrical signasonly.

3.3.9 9gnal level: The magnitude of signal compared to an arbitrary reference magnitude (voltageg in the
case of this standard):

3.3.10fsignal line:)One of a set of signal conductors in an interface system used to transfer messagesfamong
intercgnnected-devices.

3.3.11[signal parameter: That parameter of an electrical quantity whose values or sequence of valugs con-
vey information.

3.3.12 unidirectional bus: A bus used by any individual device for one-way transmission of messages only,
that is, either input only or output only.
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4. Functional specifications

4.1 Functional partition

A device is a physical entity designed for a particular application. It may be partitioned conceptually into
three major functional areas each containing unique capabilities:

a) Devicefunctions (definition is application dependent)
b) Interface functions (definition is application independent)
¢) Message coding logic

All communication to or from interface functions is defined in terms of messages and state linkages (see
4.1.4).

All megssages carried on the signal lines are coded according to the coding logic defined-in4.13.

4.1.1 Device functions

The sgope, purpose, size, content, and organization of the device function,area (for example, analod signal
measurement capability, range, modes of operation, etc.) are beyond the.scope of this standard. Fgure 2
illustrates the device function area B for which the designer has complete freedom to define device{related
capability and the interface function area A for which the designer.has no freedom to define new capability
beyondl that specified in this standard.

4.1.2 Interface function concepts
4.1.2.1 Interface functions

An interface function is the system element_that provides the basic operationa facility through which a
devicel can receive, process, and send messages. A number of interface functions, each of which facts in
accordpnce with specific protocol, arei defined throughout this section of the standard. Each gpecific
interfagce function may only send or re¢eive a limited set of messages within particular classes of megsages.

4.1.3 Interface function state

Each ¢f the interface functions is defined in terms of one or more groups of interconnected, mutually
exclusjve states.

One afd only one)state shall be active at any one time within a single group of interconnected, mutually
exclusjve states:

For eagh'state of an interface function, definitions are given for the following:

a) Messagesthat may or must be sent over the interface while that state is active
b) Conditions under which the function must leave that state and enter one of the other states in its
group

These messages and conditions define the processing capability of the state.
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A = Capability defined by this standard

B = Capability defined by the designer

1 = Interface bus signal lines

2 = Remote interface messages.o and from interface functions

3 = Device dependent messages to and from device functions

4 = State linkages between-interface functions

5 = Local messages between device functions and interface functions
(messages to interface functions are defined, messages from
interface functions exist according to the designer‘s choice)

6 = Remote-interface messages sent by device functions within a controller

Figure 2—Functional partition within a device

Interface function repertoire

]

gner is glven the choice to select the partlcular set of mterface functions necessary tolfit the

The total processing capability of a set of interface functions (designer selected set included in a specific
device) at any moment is the logic conjunction of the processing capabilities of al those states (within each

individual interface function) that are active at that moment.

4.1.3.2 Interface function assumptions and perspective

The state diagrams used to define the interface functions do not indicate, explicitly or implicitly, the
intended existence of specific circuits elements to achieve the logical and physical implementation of a
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function. For example, not all states necessarily imply the existence of a latched flip-flop or other memory
elements.

The state diagrams used to define the interface functions are intended to permit the use of a wide variety of
logic circuit implementations (for example, random logic, sequential logic, etc.).

The designer is free to combine and implement two or more interface functions with one logic design,
provided all the conditions for each state of each interface function as defined in this section are met.

Throughout this section of the standard, the state diagrams, written descriptions, requirements, and guide-
lines are written for and should be interpreted from the device perspective. Clause 5 and Clause 6 will

deSCI’i K O aMmonRCgGEVICES O v, e
An intgrface function must ignore (not respond to) any message coding not specifically defined.
A fundtion may stay in any state for any amount of time (including zero) after exit conditions are meg if this
is not ijn conflict with specified constraints.
Table 1—Interface function repertoire
Interface Function Symbol Relevant M essage Paths

Source handshake or extended SH or SHE 1,2,4,5

source handshake

Acceptor handshake or AH or AHE 1,2,4,5

extended acceptor handshake

Talker or extended talker T orPE 1,23,4,5

Listener or extended listener b orLE 1,23,4,5

Service Request SR 1,2,4,5

Remote local RL 1,2,4,5

Parallel Poll PP 1,2,4,5

Device Clear DC 1,2,4,5

Device Trigger DT 1,2,4,5

Controller C 1,2,4,56

Configuration CF 1,2,4,5

4.1.4 Message concepts
4.1.4.1 Message
Each message represents a quantity of information and will be received either true or false at any specific

time. All communications between an interface function and its environment are accomplished through
messages sent or received.
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4.1.4.2 Local message route and content

M essages sent between a device function and an interface function are called local messages.

Loca messages flow between device functions and interface functions; see Figure 2, message route 5.
NOTE—Certain local messages are conveyed as remote messages and vice versa.

The designer is not allowed to introduce new local messages to interface functions.

The designer is alowed to introduce a local message derived from any state of any interface function to
device function(s).

Loca Inassagas sent by device functions must exist for enough time to cause the required state transifions.
4.1.4.3 Remote message route and content
Messagjes sent via the interface between interface functions of different devices are caled remote messages.
Each remote message is either an interface message or a device-dependent message.

Each ipterface message is sent to cause a state transition within anotherinterface function. An interface
m e will not be passed along to the device when received by an intérface function as shown in Figure 2,
m e route 2.

Device-dependent messages are passed between the deviceMfunctions and the message coding logic via
specifipd interface functions. These will cause no state transitions within the interface functions. Examples
of devjce-dependent messages include device programiming data, device measurement data, and [device
status ¢lata as shown in Figure 2, message route 3.

4.1.4.4 State linkage route and content

A statq linkage isthelogical interconnection of two interface functions where the transition to an actiye state
of ong interface function is dependent’ on the existence of a specified active state of another interface
functign, asindicated in Figure 2, message route 4.

4.1.4.%5 Message coding

Messagje coding is theyact of translating remote messages to or from interface signal line values. A njessage
sent oyer asingle line\is called a uniline message. Two or more of these messages can be sent concufrently.
A meskage that hares a group of signal lines with other messages, in some mutually exclusive set, i§ called
a multlli ne message. Only one multiline message (message byte) can be sent at one time.

4.1.4.

Classification of multiline messages

Multiline messages are interpreted as interface messages when the ATN message is true. Multiline messages
are interpreted as device-dependent messages when the ATN message is fase. The ATN message, when
true, enables the accepting and processing of these specific classes of multiline messages:

a) Universa commands (all devices)

b) Addressed commands (all devices addressed to listen)

c) Addresses (all devices)

d) Secondary addresses or commands (all devices enabled by a primary address or command)

For alist of specific multiline commands, see Table 42.
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4.1.4.7 Message transfer conventions

4.1.4.7.1 Remote message transfer conventions

a)
b)

©)

d)

f)
9)

h)

41.4.7

b)

42N

The value (true or false) of al remote false messages capable of being sent by a device shall at all

times be as dictated by active states of its interface functions.

The interface signal line(s) used to send a message value shall be set to the levels specified by

Table 44.

As normal interface operation allows two devices to simultaneously send opposite values of the
remote messages, a technique shall be provided for resolving these conflicts. This is accomplished

active value overrides the passive value in every conflict that arises.
A remote message can be transferred in one of four ways:

1) Anactivetrue value being sent is guaranteed to be the value received, andithe device n
alow it to be overridden.

alow it to be overridden.

3) Anactivefasevauebeing sent is guaranteed to be the value feceived, and the device n
alow it to be overridden.

alow it to be overridden.

Throughout the text, the terms true and false if not quéified are assumed to mean active t
active false during all discussions of remote messagéralues sent by an interface function.

Thus, an AND operation can be considered te'he performed on the interface signal lines (see
For one remote message, SRQ, only trueivalues are defined to be sent actively. Thus,
operation can be considered to be perforfmed on the interface signal lines (see 7.4).

Only the multiline message(s) to be sent true will be specified for an interface function state I
multiline messages (sent via the DIO lines) are by their nature mutually exclusive. It shq
understood that all unspecifiedmultiline messages are sent passive false while the state is act

.2 Local message transfer conventions

The coding of loeal.messages is beyond the scope of this standard and is left to the discretior
device designer.

Itisrecommended that |ocal messages qualifying transitions within any group of mutually ex
states ofcan‘interface function be themselves mutually exclusive.

ptation used to specify interface functions

by implementing two types of message transfer over the interface, active transfer and passive

f them

will be active and the other will be passive. Messages shall be transferred in such a way that the

bed not

2) A passivetrue value being sent is not guaranteed to be the value recéived, and the devige must

ped not

4) A passive false value being sent is not guaranteed to be’'thevalue received, and the devige must

ue and

For two specific remote messages, DAC and REB, only false values are defined to be sent agtively.

7.4).
an OR

ecause

uld be
ve.

of the

Clusive

4.2.1 State diagram notation

Each state that an interface function can assume is represented graphicaly as a circle. A four-character
upper-case aphanumeric mnemonic always ending in an Sis used within the circle to identify the state:

(=)
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All permissible transitions between states of an interface function are represented graphically by arrows
between them.

Each transition is qualified by an expression whose value is either true or false. The interface function shall
remaininitscurrent stateif all expressions that qualify transitions leading to other states are false. The inter-
face function shall enter the state pointed to if, and only if, one of these expressions becomes true. The new
state may be entered at any time after the expression(s) become(s) true, unless atime value is specified.

. expression 1 ,
i I

expression 2

expression 4

expression 3

An expression consists of one or more local messages, remote messages, state 'linkages, or minimum time
limits ised in conjunction with the operators AND, OR, or NOT.

A local message to an interface function is represented by a three-lettermnemonic written in lower case, for
example, rdy.

A rempte message (received via the interface) is represented Dy a three-letter mnemonic written in upper
case, fpr example, ATN. The representation may be appended by an integer; for example, PPRS.

A link@ge from another state diagram is represented by afour-letter, bold, italicized mnemonic, for edample,
LACS/| A state linkage istrue if the enclosed state.is:currently active; otherwise, it isfalse.

A min/mum time limit is represented by the symbol T,. This symbol achieves a true value only alter the
interfagce has been in the state originating the corresponding transition for the time value specified.| It will
remair] true until the state is exited. The values for these time limits are contained in Table 48.
The AND operator is represented by the symbol A.

The OR operator is represented by the symbal v.

The AND operator-takes precedence over the OR operator within an expression unless otherwise specified
by paréntheses.

The NDT.operator is represented by a horizontal bar placed over the portion of the expression to be nggated.
The resuling negated expression has atrue value if and only if the value of the expression under the bar is
fase.

If atransition is further qualified by a maximum time limit (within t,)), then the state pointed to shall be
entered within the specified amount of time after the expression becomes true. The values for these time
limits are contained in Table 48.

If aportion of an expression is optional in that its true value is not required for the compl ete expression to be
true (at the designer’s choice), then it is enclosed within square brackets[. . .].
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If aspecific expression causes a transition to a state from all other states of the diagram, shorthand notation
is used instead of al the individua transitions being drawn. An arrow without a state at its origin is used to
represent this condition, and it is assumed to originate in all states (for example, IFC or REN):

expression H@

Although power-off (POFS) is avalid state of most interface functions and should normally be shown on all
diagrams with atransition leading to the state to be entered at power-on time (pon), a shorthand form is used
showi ngrtheper-psetdomessage-originating-ertransitionto-thefirst stateto-be-enterec t§turned
on:

PO PSEHGOMeEsSSage- oo & gt ansSto O St o1 wmn

a) | Abbreviated notation used on state diagram:

- 4’@

b) | Complete representation implied by preceding symbol:

". po ; ‘
pof

4.2.2 Message output notation

The mpssage output table included with eachinterface function state diagram summarizes only the femote
messagles allowed to be sent during each of\the states of the function.

Rows ¢f the table are used to indicate states of the interface function.

Columpns of the table are used-to+indicate remote messages allowed to be sent during at least one stat¢ of the
interface function.

Each table entry indicates the value of a message that shall be sent while a specified state is active:

a) | T indicates active true
b) | Findicates active false
c) | (Mindicates passive true
d) (F)indicales passivefase

One column in each table is alocated, if required, to the group of multiline remote messages alowed to be
sent. The multiline message to be sent true during each state is placed in its corresponding table entry. False
values are not shown because multiline messages are mutually exclusive. Parentheses around a multiline
message name specify that it shall be sent passive rather than active true.

A separate column for device function interaction summarizes the corresponding types of messages (or
resultant action) that device function(s) are allowed to send or receive. Local message(s), beyond the scope
of this standard, from the interface function to the device functions may be used to coordinate the
appropriate action at the choice of the designer.
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4.3 Source handshake (SH) interface function
4.3.1 General description

The SH interface function provides a device with the capability to guarantee the proper transmission of
multiline messages. Two aternative versions of the function exist: the SH function and the extended source
handshake (SHE) function. The SHE interface function is a superset of the SH interface function. Only one
of the two alternative functions shall be implemented in a specific device.

The SH function, or SHE function, controls theinitiation of, and termination of, the transmission of a multi-
line message byte. This function utilizes the data available (DAV), ready for data (RFD), and data accepted
(DAC)ymMessages toeffect message byte transfers:

Transfers between an SHE function and an extended acceptor handshake (AHE) function may'use ngninter-
locked/handshake cycles. Other transfers use interlocked handshake cycles.

NOTE+-Both the SH function and the SHE function are described concurrently throughout 4-3-due to the extensive
similarity between these two functions.

4.3.2 $H function state diagram

The SH function shall be implemented to perform according to the staté.diagram given in Figure 3 and the
state descriptions given throughout 4.3. Table 2 specifies the set of méssages and states required tq effect
transitijon from one active state to another. Table 4 specifies theiméssages that shall be sent and the|device
functign interaction required while each state is active.

The SHE function shall be implemented to perform according to the state diagram given in Figure 4 and the
state descriptions given throughout 4.3. Table 3 specifies the set of messages and states required tq effect

transitjon from one active state to another. Table 5'specifies the messages that shall be sent and the|device
functign interaction required while each state is.active.

(ATNA_ CACS V CTRS ) V(ATN A TACS V SPAS)

nba
SDYS

nba RFD [ADAC]
A

(within t,)

TACS V SPAS V CACS

(ATN A CACS V CTRS)
(within t5)

[

(ATN A TACS V SPAS)

(within t,) T,

TACS V SPAS V CACS

DAC
STRS
ATN A CACS L cTno VU ATN A Thcoo SPAS
t Tt

(within t,)

(ATN A CACS V CTRS )V (ATN A TACS V SPAS)
(within t,)

Figure 3—SH state diagram
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T, RFD Ty
STRS A RFD A DAC
S D) )

ATN V ~RFD
(within t,)

IFC
TACS A ~CNCS A nie A Y Tio (within tg)

{TACS A (CNCS V -~nie))

V SPAS V CACS
nba
SGNS ‘\SDYS

pon —( SIDS

N

x/ (RFD [ A ~DAC] A Ty)
V
: DAC A (CNCS (SNES A RFD A DAGIA T1a)

~nba ~nba V ~TACS
TACS V SPAS V CACS V (SNDS A ~RFD)

@.- R

SWNS

* These transitions occur (within t,) if the following expression is true:
(ATN A ~(CACS V CTRS)) V (~ATN A ~(TACS V SPAS))

Figure 4—SHE state diagram

Table 2—SH mnemonics

M essages Interface States
Mnemonic Definition M nemonic Definition

pon power on SIDS sourceidle state

nba new byte available SGNS source generate state

ATN aftention SDYS source delay state

RFD ready for data STRS source transfer state

DAC data accepted SWNS source wait for new cycle state
SIWS source idle wait state
TACS taker active state (T function)
SPAS serial poll active state (T function)
CACS controller active state (C function)
CTRS controller transfer state (C function)
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Table 3—SHE mnemonics

M essages Interface States
Mnemonic Definition M nemonic Definition
pon power on SIDS sourceidle state
nba new byte available SGNS source generate state
nie noninterlocked enable | SDYS source delay state
STRS source transfer state
IFC interface clear SWNS source wait for new cycle state
ATN attention SIWS source idle wait state
RFD ready for data SNDS source noninterlocked disable state
DAC data accepted SNES source noninterlocked enable state
SWRS source wait for,RFD state
SRDS sourceRFD delay state
CNCS configure not configured state (CF function)
TACS talker active state (T function)
SPAS serial poll active state (T function)
CACS controller active state (C function)
CTRS controller transfer state (C function)
Table 4—SH message outputs
Remote M essage Sent
SH State Device Function (DF) Interaction
DAV
SIDS (3] DF can change remote multiline messages
SGNS F DF can change remote multiline messages
SDYS F DAB, EOS multiline, and END messages shall not change
STRS T DAB, EOS multiline, and END messages shall not change
SWNS TorF DF requested to change multiline messages
SIWS (3] DF requested to change multiline messages
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Table 5—SHE message outputs

4.3.3
4.3.3.

InSID
new m

InSID
the DA

The Sh

a)
b)
0)

The Sh

a)

Remote M essage Sent
SHE State Device Function (DF) Interaction
DAV NIC

SIDS (3] F DF can change remote multiline messages

SGNS F F DF can change remote multiline messages

SDYS F (®) DAB, EOS multiline, and END messages
shall not change

STRS T (F) DAB, EOS multiline, and END messages
shall not change

SWNS TorF (3] DF requested to change multiline messages

SIWS (3] F) DF requested to change multiline messages

SWRS F F DF can change remote multiline messages

SRDS F F DF can change remote multiline messages

SNGS F T DF can change remote'multiline messages

BH function state descriptions
Source idle state (SIDS)

S, the SH function, or the SHE function, is ngt@ngaged in the handshake cycle and does not
pssage byte available. The SH function, or the SHE function, powers on in SIDS.

S, the SH function shall send the DAV message passively false. In SIDS, the SHE function shd
V and noninterlocked capable (NI C):messages passively false.

1 function shall exit SIDS and enter the source generate state (SGNS) if

The taker active state (FACS) is active
Or the serid poll-astive state (SPAS) is active
Or the controller active state (CACS) is active

HE function shall exit SIDS and enter

The SGNSif either

b)

have a

Il send

—H—The-SPASisective

2) OrtheCACSisactive

3) Orthe TACSisactive and either the CNCS is active or the nie message isfalse
The SWRSif the TACS s active and the CNCSis not active and the nie message is true

4.3.3.2 Source generate state (SGNS)

In SGNS, the device is generating a new message byte and the function is waiting for the new byte to
become available.
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In SGNS, the SH function shall send the DAV message false. In SGNS, the SHE function shall send the
DAV message false and send the noninterlocked capable (NIC) message passively fase. In this state, the
device may change the multiline message being sent via the talker or controller interface function while in
TACS or CACS or SPAS.

The SH function, or the SHE function, shall exit SGNS and enter

a) The source delay state (SDY'S) if the new byte available (nba) message istrue
b) TheSIDSwithint, if either

1) The ATN messageis true and neither CACS nor CTRS isactive

2) Orthe ATN message isfalse and neither TACS nor SPAS is active

4.3.3.3 Source delay state (SDYS)

In SDY'S, the SH function, or the SHE function, iswaiting for a message byte to settle on theinterface signal
lines after the change during SGNS. In SDY Sthe SH function, or the SHE function (if-tis using intefflocked
handshaking), is also waiting for al of the acceptor functions to indicate their readiness to accept the mes-
sage byte.

In SDY S, the SH function shall send the DAV message false. In SDY S; the SHE function shall s¢nd the
DAYV message false and send the NIC messages passively fase. In this state, the device shall not change the
multiline message being sent.

The SH function shall exit SDY S and enter

a) | The source transfer state (STRS) only after T,,-if the RFD message is true and if optionally, the
DAC messageisfase

b) | The SIDSwithint, if either
1) The ATN messageis true and neithier CACS nor CTRS isactive
2) Orthe ATN message isfalse'and neither TACS nor SPASis active

The SHE function shall exit SDY S-and enter

a) | The STRSIf either

1) TheRFD messageistrue, only after T,, and if optionally, the DAC messageis false
2) Orthe SNESIs active and the RFD and DAC messages are true (only after T13)

b) | The SIDS4yithint, if either

1) TheATN messageis true and neither CACS nor CTRSisactive

2), { Or the ATN message is false and neither TACS nor SPAS s active

4.3.3.4 Source transfer state (STRS)

In STRS, the SH function, or the SHE function, indicates to the AH function, or AHE function, that it is
continuously sending a valid message byte.

In STRS, the SH function shall send the DAV messagetrue. In STRS, the SHE function shall send the DAV
message true and send the NIC messages passively false. In this state, the device shall not change either the
multiline message or the END message (if used) being sent.
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The SH function shall exit STRS and enter

a) Thesourceidle wait state (SIWS) within t, if either

1) The ATN messageis true and neither CACS nor CTRSisactive

2) Orthe ATN message isfalse and neither TACS nor SPAS s active
b) The source wait for new cycle state (SWNS) if the DAC message istrue

The SHE function shall exit STRS and enter

a) Thesourceidle wait state (SIWS) within t, if either
1) The ATN messageis true and neither CACS nor CTRSisactive

Z) Orihe ATN message IsTalse and nelther TACSNor SPAS 1S aclive
b) | The SWNSif the DAC message istrue and either

1) TheCNCSisactive

2) Orthe TACSisnot active

3) Orthe SNDSisactive and RFD messageis false

4) Orthe SNESis active after T14

4.3.3.% Source wait for new cycle state (SWNS)

In SWNS, the SH function, or the SHE function, is waiting for the deviee to start a new message gen
cycle.

In SWNS, the SH function shall send the DAV message trueorfase. In SWNS, the SHE function sha
the DAV true or false and the NIC messages passively false.

The SH function, or the SHE function, shall exit SWNS and enter

a) | The SGNSif the nbamessageisfalse

b) | The SIWSwithint, if either

1) The ATN messageis truef@and neither CACS nor CTRSisactive

2) Orthe ATN message'isfase and neither TACS nor SPASisactive

4.3.3.6 Source idle wait state (SIWS)

eration

Il send

In SIWS, the SH function, or the SHE function, is not active in the external message byte transfer |

but is gctive in thelinterna process of waiting for the device to start a new message generation cycle.

SIWS Fllows a Sequence of message byte transfers to be interrupted without loss of data over the i
while the deviee may continue to prepare for the new (next) message byte generation cycle.

send the DAV and NIC messages passively false.

The SH function, or the SHE function, shall exit SIWS and enter

a) TheSIDSif the nbamessageisfalse
b) The SWNSIf either

1) TheTACSisactive

2) Orthe SPASisactive

3) Orthe CACSisactive
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4.3.3.7 Source wait for RFD state (SWRS)

In SWRS, the SHE function iswaiting for all acceptor functions to indicate their readiness to accept the first
DAB since the most recent false transition of ATN.

NOTE—The SHE will enter SWRS to initiate a noninterlocked mode of data transfer. SWRS can only be entered if
CNCSisfase. CNCS can only be falseif the controller explicitly issues a CFGn command. It isa REQUIREMENT that
all noninterlocked handshake mode features default (power-on) to disabled until an explicit CFGn command is issued.

In SWRS, the SHE function shall send the DAV false and send the NIC messages passively false.

The SHE function shall exit SWRS and enter

a) | The SRDSif the RFD message istrue (only after T1g)

b) | Or the SIDSwithint, if either

1) The ATN messageis true and neither CACS nor CTRSisactive

2) Orthe ATN messageisfase and neither TACS nor SPASisactive

4.3.3.8 Source RFD delay state (SRDS)
In SRS, the SHE iswaiting for all acceptorsto see the RFD message truebefore issuing the NIC mgssage.
All acgeptors must observe the RFD message true before the NIC message is issued to distinguish between
the RHD message of a slower acceptor and the source’'s NIC message,

In SRS, the SHE function shall send the DAV message false.and the NIC message passively false.
The SHIE function shall exit SRDS and enter either

a) | The SNGSonly after T14

b) | Orthe SIDSwithint, if either

1) TheATN messageis true and‘neither CACS nor CTRSis active

2) Orthe ATN message isfalse and neither TACS nor SPAS isactive

4.3.3.9 Source NIC generate state (SNGS)

In SNGS, the SHE function-indicates to all acceptor functions that it is capable of sourcing bytes usirg non-
interlopked handshake.cycles.

In SNGS, the SHE function shall send the DAV message false and the NIC message true.

The SHEAfunetion shall exit SNGS and enter

a) TheSGNSonly after Tq»
b) TheSIDSwithint, if either
1) The ATN messageis true and neither CACS nor CTRSisactive
2) Orthe ATN messageisfase and neither TACS nor SPASisactive

4.3.3.10 Source noninterlocked disable state (SNDS).

In SNDS, the SHE function is not capable of sourcing multiline message bytes using noninterlocked hand-
shake cycles. The SHE function powers onin SNDS.
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The SHE function shall exit SNDS and enter SNES if

a) TheSTRSisactive

b) Andthe DAC messageistrue
¢) Andthe RFD messageistrue
d) AndthelFC messageisfalse

4.3.3.11 Source noninterlocked enable state (SNES)

In SNES, the SHE function is capable of sourcing multiline message byte using noninterlocked handshake
cycles

The SHE function shall exit SNES and enter SNDSiif either

a) | the ATN messageis true (withint,)
b) | Or the RFD message is false (within ty)
c) | Or the IFC messageis true (within t,)

4.3.4 $H function and SHE function allowable subsets

The only allowable subsets to the SH and SHE interface functions shall be those listed in Tables 6 and 7.

Table 6—Allowable subsets'to*SH function

Identification Description States Omitted *| Other Requirements Other Fr\:mct!on Suljsets
equired
SHO no capability all none none
SH1 complete capability none none T1-T8, TE1-TES, or
C5-C28

Table 7—Allowable subsets to SHE function

Iderftification Description States Omitted | Other Requirements Other FR:mctl_on Sulbysets
equired
SHED no capability al none none
SHERL complete capability none none CFland T1-T8, TE1-[TES,
o-C5-C28

4.3.5 Additional SH and SHE function requirements and guidelines

The nba true message indicates the device has generated a (new) message byte and made it available on the
interface signal lines.

The nba message shall become true only in SIDS, SWRS, SRDS, SNGS, or SGNS. The nba message may
become falsein any other SH or SHE states.
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The expression for interruption (ATN A CACS v CTRSv (ATN A TACS v SPAS)) may be substituted
by TACS A SPAS A CACS A CTRS if the transition of the latter expression can be effected within t, after
the change of ATN.

4.4 Acceptor handshake (AH) and extended acceptor handshake (AHE) interface
functions

4.4.1 General description

The AH function prowdes a devlce W|th the capablllty to guarantee proper receptl on of remote multiline
e Xl - hand-
shake AH E) function. The AHE interface function is asuperset of the AH interface functlon Only one of
the tw@ aternative functions shall be implemented in a specific device.

The AH function may delay either the initiation of, or termination of, a multiline message transfér until
prepared to continue with the transfer process. The AH function utilizes the DAV, RFD; and DAC méssages
to effgct each message byte transfer. When a SHE function is transferring data’to one or mor¢ AHE
functigns using noninterlocked handshake cycles, an AHE function may ,either delay the initiafion of
multiline message bytes or force the SHE to use interlocked handshake cycles.

Transfers between an SHE function and an AHE function may use noninterlocked handshake cycleq Other
transfers use interlocked handshake cycles.

NOTE+-Both the AH function and the AHE function are described, concurrently throughout 4.4 due to the extensive
similarity between these two functions.

4.4.2 pH function state diagram

The AH interface function shall be implemented.so as to perform according to the state diagram gjven in
Figurel5 and the state descriptions given throtighout 4.4. Table 8 specifies the set of messages and states
required to effect transition from one activestate to another. Table 10 specifies the messages that ghall be
sent arld the device function interactionrequired while each state is active.

The AHE interface function shall be implemented so as to perform according to the state diagram gjven in
Figurel6 and the state descriptions given throughout 4.4. Table 9 specifies the set of messages and states
required to effect transition.from one active state to another. Table 11 specifies the messages that ghall be
sent arld the device functien interaction required while each state is active.
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iIFC /\ton

IFC A MTA A ACDS) ATN A SPMS

pon Q‘O-

(OTA V [MLA]) A ACDS
IFC (wnhm to)
(within t4)

ATN

(within t,) ATN A SPMS

IFC ASPE A ACDS
ﬁ.©.

SPD A ACDS
IFC

(within t4)
Figure 5—AH state diagram

~ATN NIC A (~DAV)

Q (within t,) Q ACRS A RFD¥A Tyq (within t,)
pon QD ANY

ATN

L DAV ~Ini A\ ~tcs
(within t,) DAV Ini V tcs
~DAV A (ATN V ANCS)
pon —<e| |«—— ~ATN A ~(LACS V LADS) (within t,)
ANV BACS V LADS
(Within t,) ~DAV A Tyq bAv
(within t;g) (within t,g)
((ATN [A ~DAV]) V rdy) A ~tcs
m ANAS A DAV
ACRS ANDS
‘\
~ATN A ~rdy
(within t,)
DAV A (ATN V ANCS)
~DAV [DAV] [~DAV] DAV A (ATN V AIAS V ANCS) (within t,)

(~ATN A ~rdy) V (ATN A Tg)

(~ATN A ~rdy) V (ATN A Tg)

Figure 6—AH state diagram
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M essages Interface States

M nemonic Definition Mnemonic Definition

pon power on AIDS acceptor idle state

rdy ready for next message ANRS acceptor not ready state

tcs take control synchronously? ACRS accept ready state

ATN attention ACDS accept data state

DAV datavaid AWNS acceptor wait for new cycle state
LADS listener addressed state’(L function)
LACS listener active state)(L function)

PSee the first paragraph of 4.12.3.7.

Table 9—AHE mnemonics

M essages Interface States

M nemonic Definition Mnemonic Definition

nba new byte available AIDS acceptor idle state

gon power on ANRS acceptor not ready state

19} ready for next message ACRS accept ready state

tes take control synchronously | ACDS accept data state

Ihi leave noninmterl ocked AWNS acceptor wait for new cycle state

ift readly for three ANDS accept noninterlocked ready state
ANES accept noninterlocked not ready state

ATN attention ANTS accept noninterlocked terminate state

DAV daravaid ANTS accept nonintertocked (nactive stae

RFD Ready For Data ANYS accept noninterlocked delay state

NIC noninterlocked Capable AWAS accept wait for noninterlocked capable state
AIAS accept interlocked always state
ANCS accept noninterlocked configured state
ANAS accept noninterlocked active state
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Table 9—AHE mnemonics (continued)

M essages Interface States
M nemonic Definition Mnemonic Definition
ALNS accept leave noninterlocked state
LADS listener addressed state (L function)
LACS listener active state (L function)
Table 10—AH message outputs
Remote M essage Sent
AH State Device Function (DF) I nteraction
RFD DAC
AIDS M M DF cannot receive multiline or END“messages
ANRS F F DF cannot receive multilin€ or END messages
ACRS )] F DF cannot receive multiline or END messages
ACDS F F DF can receive multiline or END messagesif LACSis activd
AWNS F )] DF cannatreceive multiline or END messages
Table 11—AHE message outputs
RemoteM essage
. Sent . . .
étl_ ti Qualifier Device Function (DF) Interaction
[e
RFD DAC
AID$ ) M DF cannot receive multiline or END messagjes
ANRS F F DF cannot receive multiline or END messages
ACRS (m F DF cannot receive multiline or END messages
AWNS. E (T) DE cannaot recaive multiline or END mess jes
ACDS F F DF can receive multiline or END messages if
LACSisactive
ANDS ANAS A rft (M M DF can receive multiline or END messages
(using noninterlocked handshaking) if LACSis
active
ANDS (ANAS A rft) (m F DF can receive multiline or END messages
(using noninterlocked handshaking) if LACSis
active
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Table 11—AHE message outputs (continued)

RemoteM essage
s t . . .
ét;'ti Qualifier Sen Device Function (DF) Interaction
RFD DAC
ANES ANAS A rft (M ) DF cannot receive multiline or END messages
ANES (ANAS A rft) (m F DF cannot receive multiline or END messages
ANTS E E DF can receive multiline or END messages
(using noninterlocked handshaking) if LAQS is
active
4.4.3 |AH function state descriptions

4.43.

In Al
functiq

InAlG

The A
if eithg
a)
b)
c)

4.4.3.

In AN

continyie with the handshake cyele.

In AN
The A

a)

Acceptor idle state (AIDS)

S, the AH function, or AHE function, is inactive and not engaged<n the handshake cycle. The AH
n, or AHE function, powers onin AIDS.

S, the RFD and DA C messages shall be sent passive true.

H function, or AHE function, shall exit AIDS and entefthe acceptor not ready state (ANRS) wjthin t,

r
The ATN messageis true

Or LACSisactive

Or LADS s active
P Acceptor not ready state (ANRS)

RS, the AH function, or AHE function, indicates to the interface it has not yet prepared internally to

RS, the RFD and DAC messages shall be sent false.
H function,.ef AHE function, shall exit ANRS and enter

The"ACRS if the take control synchronously (tcs) message is fase (see the first paragiaph of
4:22.3.7) and either

4\ Tl AT Y () AL ool
1) ITIEATINTIICSSAUT TS TUT A TU UIC AV TTIESSAyT 1o TA ST

2) Ortheready for next message (rdy) messageis true

NOTE—Use of the DAV message is optional.

b)

0)

The AIDS if the ATN message is false and neither

1) TheLADSisactive

2) Nor LACSisactive

The AWNS if, optionally, the DAV message is true (note that this transition will never occur under
normal interface operation)
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4.4.3.3 Acceptor ready state (ACRS)

In ACRS, the AH function, or AHE function, indicatesto the interface that it is prepared to receive multiline
messages using interlocked handshaking.

In ACRS, the DAC message shall be sent false and the RFD message shall be sent passive true.

The AH function shall exit ACRS and enter

a)

b)

c)
The A

a)

b)
c)
d)
4.4.3.
InAC

sage b
interfa

indicaties to the device functions that :adevice-dependent message is present and valid if LACSis acti

InAC
The A

a)

b)

The accept data state (ACDS) if the DAV message istrue
The AIDS if the ATN message is false and neither

H—FhetABStseactive
2) Nor LACSisactive
The ANRS within t, if both the ATN and the rdy message are false

HE function shall exit ACRS and enter

The accept data state (ACDS) if the DAV message istrue and either
1) The ATN messageistrue

2) OrtheAlASisactive

3) Orthe ANCSisactive

The ANDS if the DAV message is true and the ANAS is active
The AIDS if the ATN message is false and neither

1) TheLADSisactive

2) Nor LACSisactive

The ANRS within t, if both the ATN and the rdy messages are false

I Accept data state (ACDS)

DS, the AH function, or AHE function, indicates to the SH function that it shall maintain avali
te. In this state, the multiline messages on the DIO signal lines are valid. The ACDS indicate;
Ce functions that an interface message is present and valid if the ATN message is true. The
DS, the DAC and RFD messages shall be sent false.

H function, or AHE function, shall exit the ACDS and messages enter

The acceptor wait for new cycle state (AWNYS) if either

1) TheATN messageistrue and a period of Ty has elapsed

2) _Orthe ATN and rdy messages are both false
TheAIDSif the ATN message is false and neither

1).v The LADS s active

d mes-
5 to the
ACDS
ve.

©)

2) Nor LACSisactive

The ACRS if, optionally, the DAV message is false (note that this transition can occur only when

the controller takes control asynchronously)

4.4.3.5 Acceptor wait for new cycle state (AWNS)

In AWNS, the AH function, or AHE function, indicates that it has received a multiline message byte.

In AWNS, the RFD message shall be sent false and the DAC message shall be sent passive true.
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H function shall exit the AWNS and enter

The ANRS if DAV isfase

The AIDS if the ATN message is false and neither
1) TheLADSIsactive

2) Nor LACSisactive

4.4.3.6 Accept noninterlocked ready state (ANDS)

In ANDS, the AHE function has accepted a data byte using noninterlocked handshaking. The AHE function
shall accept the data byte upon entry to ANDS.

In AN

the AN

if the ANAS isinactive or the rft local messageisfalse.

The re

line message bytes has room for at least three more bytes and must become false-before entry into

that ac|
for oth

may b¢ received before the transfer is stopped.

The A

a)

b)
0)

4.4.3.7

InAN

In AN

HE function shall exit ANDS and enter

The AIDS if the ATN message is false and neither

1) TheLADSIsactive

2) Nor LACSisactive

The ANES, after Tqg but within tyg, if the DAV message is false

The ANTSwithin t, if the DAV messageiStrue and either the ATN message is true or the A
active

f Accept noninterlocked not ready state (ANES)

the ANAS is active and theready for three (rft) local message is true. The DAC message shall be sel
if the ANAS isinactive orif therft local message isfalse.

The A

a)

b)
©)

HE functionyshall exit ANES and enter

TheAIDSif the ATN message is false and neither
1)V The LADS s active

DS, the RFD messages shall be sent passively true. The DAC message shall be sent passively| true if
ASisactive and the ready for three (rft) local message is true. The DAC message shall be'sent false

bdy for three bytes (rft) local message indicates the buffer the device uses to,ageept incoming multi-

ANDS

Cepts the byte, making the device two from full. The rft local message can®e used to stop the transfer
er reasons, which may be asynchronous to the transfer; however, inthis case, more than threg bytes

NCSis

ES, the AHE function is prepared to receive multiline messages using noninterlocked handshaling.

ES, the RFD messageSishall be sent passively true. The DAC message shall be sent passively| true if

nt false

2) Nor LACSisactive

The ANDS withintyg if the DAV messageis true

The ACRSwithint, if the DAV message isfalse and either the ATN messageistrue or the A
active

4.4.3.8 Accept noninterlocked terminate state (ANTS)

NCSis

In ANTS, the AHE function indicates that it is resuming interlocked handshaking. In ANTS, the RFD and
DA C messages shall be sent false.
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The AHE function shall exit ANTS and enter

a)

b)

The AIDSif the ATN message is false and neither

1) TheLADSisactive

2) Nor LACSisactive

The AWNSIf either

1) TheATN messageis true and a period of T has elapsed
2) Orthe ATN and rdy messages are both false

4.4.3.9 Accept noninterlocked inactive state (ANIS)

In AN

onin A
The A
4.4.3.
In AN
transiti
NIC m
The A
a)
b)
c)
4.4.3.
In AW

a)

b)

The A

a)
b)
©)

S o A LI £ i H & (N £ H H | Leadl o lalhala Tha ALl f 'H
<, UIT ATTL- TUriCuaurTrro miut bO{JalJIC Ul UGIIH TTUTTITITCT TUCATU TTAN U Ol IGI\IIIU. TTIC ATTL. TUTTCLUTUNT

NIS.
HE function shall exit ANIS and enter ANY'S (within ty) if the ATN messageis false.
0 Accept noninterlocked delay state (ANYS)

Y S, the AHE function is waiting for all acceptors to enter either ACRS of_AIDS after a true {
on of ATN. All acceptors must have ACRS or AIDS active before the.sdurcing device may s

essage true.

HE function shall exit ANY S and enter either

The ANIS, withint,, if the ATN message is true
Or the AWAS, after Ty, if the ACRS is active and the RFD message is true
Or the AIAS if the DAV messageis true

1 Accept wait for noninterlocked capable state (AWAS)

AS, the AHE function is waiting for either:

The sourcing device to send(the DAV message true—indicating that the sourcing devi
transmit multiline messageés using interlocked handshake cycles.

The sourcing device to.send the NIC message true—indicating that the sourcing deviceis cap
sending multiline meSsages using noninterlocked handshake cycles.

HE function shall exit AWAS and enter either

The ANIS)within t,, if the ATN message is true

Or theAlAS if the DAV messageis true
Or the ANCSIif the NIC message istrue and the DAV messageis false

WeErs

o false

end the

ce will

bl e of

4.4.3.12 Accept interlocked always state (AIAS)

In AIAS, the AHE function has detected that the sourcing device has sent the first data byte without sending
the NIC message. In AIAS, the AHE function will accept data bytes using the interlocked handshake.

The AHE function shall exit AIAS and enter the ANIS, within t,, if the ATN message s true.

4.4.3.13 Accept noninterlocked configured state (ANCS)

In ANCS, the AHE function has detected that the sourcing device has sent the NIC message, but the AHE
function is not ready to accept data bytes using noninterlocked handshake cycles.
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If the leave noninterlocked (Ini) local message is true, the device will dways perform interlock handshaking
on al multiline message bytes. If Ini local message is false and the source issues the NIC message, the
device will perform noninterlock handshaking on all multiline message bytes.

NOTE—The AHE will enter ANCS to initiate a noninterlocked mode of data transfer. ANCS can only be entered if NIC
istrue, indicating the SHE isin SNGS. The SHE can only be entered if previously CNCS was false. CNCS can only be
false if the controller explicitly issues a CFGn command. It is a REQUIREMENT that all noninterlocked handshake
mode features default (power-on) to disabled until an explicit CFGn command is issued.

The AHE function shall exit ANCS and enter either

a) TheANIS, withint,, if the ATN message is true
b) | Or the ANAS It the leave noninterlocked (Ini) Tocal message Is false and the take fontrol
synchronously (tcs) local message is false

4.4.3.14 Accept noninterlocked active state (ANAS)
In ANAS, the AHE function is capable of accepting data bytes using noninterl ocked-fiandshaking.
The AHE function shall exit ANAS and enter either

a) | The ANIS, withint,, if the ATN message is true
b) | Orthe ALNSIf the Ini local message istrue or the tcslocal messageis true

4.4.3.15 Accept leave noninterlocked state (ALNS)
In ALNS, the AHE function is preparing to stop accepting data bytes using noninterlocked hangshake
cycles| By leaving ANAS, the DAC message will besent false while the ANES or ANDS are actiye (see
4.4.3.4and 4.4.3.7). In ALNS, the AHE function iswaiting for the SH function to detect the DAC message
false ahd stop sending multiline message bytes,

The AHE function shall exit ALNS and enténeither

a) | The ANIS, withint,, if the ATN message is true
b) | Or the ANCS after T,

4.4.4 AH function and AHE function allowable subsets

The or]ly allowable subsets to the AH and AHE interface functions shall be those listed in Tables 12 and 13,
respectively.

4.4.5 Additional AH and AHE function requirements and guidelines

The RFD message received by an SH function is the logical AND of all the RFD messages sent by al the
active AH functions. Similarly, the DAC message received by an SH function is the logical AND of &l the
DAC messages sent by all the AH functions. The way in which the composite effects of multiple AH func-
tionsinteract with an SH function to perform the logical AND function viathe use of the NRFD and NDAC
signal linesis explained further in 7.4.

Asinterface functions need be designed only so as to perform according to the state diagrams specified, it is
not required that exactly the states specified are the ones that exist in an implementation. One consequence
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Table 12—Allowable subsets to AH function

I dentification Description States Omitted Other Requirements Other F;ncﬂon Subsets
equired

AHO no capability al none none

AH1 complete capability | none none none

Table 13—Allowable subsets to AHE function

Identification Description StatesOmitted | Other Requirements Other F;nd'.on Sulpsets
equired
AHHO no capability all none none
AHHL complete capability | none none CF1
of this

after th

e message has been received as long as the RFD message is held:false until they occur. Ther

statement is that interface function state transitions that are qualifieddy interface messages ciJ\Eoccur

ulting

performance cannot be distinguished from the performance of/the”specified diagrams in which the

transiti
choser
the RH

In noigy environments, filter action on the incoming. DAV message within a device can minimiZ

transiti

The A
capabl
nonint
interlo

The A
If adey

should
handsh

ons shall occur while the interface message is being received. If this type of implementd
, then the AH function should remain in ANRS even though the exit condition is true in order
D message false (thisis alowed by the last paragraphin'4.1.3.2).

ons to the ACDS state.

HE function may resume interlocked handshaking at any point during a transfer. A nonint
b |istener may choose not to use noninterlocked handshake cycles for any reason. For examg
brlocked-capable listener is onlysplanning to accept a few bytes, it may accept them &
cked handshake cycles.

HE function requires asbuffer of at least 3 bytes for receiving multiline messages.

ice makes the tcs'message true to cause a transition from the CSBS to the CSHS, the device ng

aking, whieh.is required for taking control synchronously.

4.5 Tflker (T) interface function (Includes serial poll capabilities)

tion is
to hold

e false

el ock-
le, if a
using

rmally

also make-the“local Ini message true. Ini forces the AHE function to return to inteflocked

4.5.1 General description

The T interface function provides a device with the capability to send device-dependent data (including
status data during a serial poll sequence) over theinterface to other devices. This capability exists only when
the T interface function is addressed to talk.

There are two alternative versions of the function: one with and one without address extension. The normal
T function uses a 1 byte address, the primary talk address. The T interface function with address extension
[hereinafter called a TE (extended talker) function] uses a 2 byte address, the primary and secondary talk
addresses. In all other respects, the capabilities of both versions are the same.
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Only one of the two alternative T functions needs to be implemented in a specific device.

NOTE—Both the T function and the TE function are described concurrently throughout 4.5 due to the extensive similar-
ity between these two functions.

4.5.2 T function state diagrams

The T function shall be implemented so as to perform according to the state diagrams given in Figure 7 and
the state descriptions given throughout 4.5. Table 14 specifies the set of messages and states required to
effect transition from one active state to another. Table 15 specifies the messages that shall be sent and the
device function interaction required while each state is active.

IFC Aton
— V —
IFC A(MTA A ACDS) ATN A SPMS
pon ——»|
/ (OTA V [MLA]) A ACDS ATN
IFC (within t,)
(within t,)
ATN —_
(within t,) ATN A SPMS

IFC ASPE A ACDS
o —=(sm ) (o)

SPD A ACDS
IFC
(within t,)

Figure.7—T state diagram

The TE function shall be implemented so asto perform according to the state diagrams given in Figurg 8 and
the stafe descriptions given throughout’4.5. Table 16 specifies the set of messages and states reguired to
effect fransition from one active staté to another. Table 15 specifies the messages that shall be sent @nd the
devicelfunction interaction required while each state is active.

[ Published by IEC under licence from IEEE. © 2003 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=422ccb87061a22926c0f01d20d1995cf

IEC 60488-1:2004(E)
|EEE 488.1-2003(E)

— 43—

Table 14—T mnemonics

M essages Interface States
Mnemonic Definition Mnemonic Definition
pon power on TIDS talker idle state
ton talk only TADS talker addressed state
IFC interface clear TACS talker active state
ATN attention SPAS seria poll active state
MTA my talk address SPIS serial poll idle state
SPE seria poll enable SPMS serial poll mode state
SPD serid poll disable ACDS accept data state (AHfanction)
OTA other talk address
MLA my listen address
Table 15—T or TE message outputs
Remote M essages Sent?
T $tate Qualifier Device Function (DF) Interaction
Multiline | END RQS
TIDY (NUL) (F) (3] DF not allowed to send messages
TADS (NUL) (3] () DF not allowed to send messages
TACB DABCor | TorF¢ | (F) DF can send DAB, EOS, or END message (if
EOS® used) concurrent with DABY
SPA$ APRS STB® ForT | F DF can send one STB message
inactive
SPAS APRS STBC ForT T DF can send one STB me$aged
active
8See Thble44, 4.13.
bSee 4532

®M essages enabled by the T function originating within the device functions.
dUnder SH control.
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IFC Aton
— V —
IFC A MSA A TPAS A ACDS ATN A SPMS
e ), () e — )
/ OTA A ACDS ATN
IFC v (within t,)

OSA A TPAS A ACDS
v
[ ACDS A MSA A LPAS ]

(within t,)

ATN —_— —
(within 1,) ATN A SPMS
MTA A ACDS
L ()
PCG A MTA A ACDS
IFC ASPE A ACDS
o )
Il SPD A ACDS
IFC
(within t,)
Figure 8—TE stateidiagram
Table 16—TE mnemonics
M essages Interface States

M nemonic Definition M nemonic Definition
bon power on TIDS talker idle state
on tak only TADS talker addressed state
FC interface-Clear TACS taker active state
ATN attention SPAS serial poll active state
MTA my talk address TPIS taker primary idle state
DTA other talk address TPAS taker primary addressed state
OSA other secondary address SPIS serial poll idle state
PCG primary command group SPMS serial poll mode state
SPE seria poll enable ACDS accept data state (AH function)
SPD serial poll disable LPAS listener primary addressed state (L function)
MSA my secondary address
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4.5.3 T function state descriptions

4.5.3.1 Talker idle state (TIDS)

In TIDS, neither the T function nor the TE function is engaged in sending data or status bytes. The T
function or the TE function powerson in TIDS.

In TIDS, the END and request service (RQS) messages shall be sent passive false and the NUL message
shall be sent passive true.

The T function shall exit the TIDS when the IFC message is false and enter the talker addressed state

(TADSG)-either

a)
b)

The Tt
a)
b)
4.5.3.
In TAL
status
prepar

In TAL
true.

TheT
a)

b)
<)

NOTEA

The my talk address (MTA) message istrue and ACDS is active
Or the talk only (ton) message is true (see the last paragraph of 4.5.5)

F function shall exit TIDS and enter TADS if the IFC message is false and eithér

The my secondary address (MSA) message is true, and ACDS is active, and the talker g
address state (TPAS) is active
Or the ton message is true

P Talker addressed state (TADS)

DS, the T function has received its talk address and is prepared for, but not engaged in, sending
pytes. In TADS, the TE function has received both:its primary and secondary talk addresseq
bd for, but not engaged in, sending data or status hytes.

DS, the END and RQS messages shall be sent passive false and the NUL message shall be sent

function shall exit TADS and enter

The talker active state (TACS) if the ATN message isfalse and the serial poll mode state (SH
inactive

The serial poll activestate (SPAS) if the ATN messageisfalse and SPMSis active

The TIDSIf either

1) The other talk’address (OTA) message istrue and ACDS s active

2) OrtheMLA messageistrue and ACDS isactive

3) Orwithint, if the IFC message istrue

—Use ofjthe expression containing the MLA message is optional.

rimary

data or
andis

hassive

MS) is

The TE

a)
b)
0)

C ¢ " looll T ADG ! "
TUTICUUNT Slidl T TAIU TAD O AU T ILET

The TACSIif the ATN message isfalse and SPMSisinactive

The SPASif the ATN messageis false and SPMSis active

The TIDSIf either

1) The OTA messageistrue and ACDSisactive

2) Or the other secondary address (OSA) message is true and TPAS and ACDS are active

3) Orthe MSA message is true and both the listener primary addressed state (LPAS) and
areactive

4) Orwithint, if the IFC messageistrue

NOTE—Use of the expression containing the M SA messageis optional.
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4.5.3.3 Talker active state (TACS)

InTACS, the T function, or the TE function, enables the transfer of the data byte (DAB) message and END,
if used, from the device function to the interface signal lines. The message content is determined solely by
the device function(s). The SH function determines when the device function(s) may change the message

content of DAB (and END if used).

During TACS, the DAB or end of string (EOS) and END messages may be sent by the device functions. The
RQS message shall be sent passive fase.

NOTE—The coding and format of the data are, in general, device-dependent and beyond the scope of this standard.

The T function or the TE function shall exit TACS and enter

a) | The TADSwithint, if the ATN messageis true
b) | The TIDSwithin t, if the IFC message istrue

4.5.3.4 Serial poll active state (SPAS)

In SPAS, the T function or the TE function enables the transfer of a single status message from the|device
functign to the interface signal lines using the SH or SHE function to control the transfer of the statyis byte
that contains both the RQS and the STB messages.

Although acontroller needsonly 1 byte for the STB and RQS messages from a device, it is allowableffor the
devicelto repeat this combined message byte if the controller.does not assert ATN after the first trangfer. In
this cape, the content of the STB message may change between subsequent transfers although the RQS mes-
sage idheld unaltered by the SR function.

During SPAS, whether APRS state is active or inggtive, the END message shall be sent either true or false.
The RS message shall be sent true if APRS;iS’active, or false if APRS is inactive. In addition, thle STB
message shall be sent by the device function(s).

NOTE+-The APRS is contained in the SR interface function.

The T function or the TE function shall exit SPAS and enter

a) | The TADSwithint, if the ATN messageistrue
b) | The TIDS withinty if the IFC message istrue

4.5.3.% Serial poll idle state (SPIS)

In SPIE, the Tyfunction or the TE function is not enabled to participate in aseria poll. The T or TE flinction
powers enin SPIS.

The SPI'S does not provide a remote message sending capability.

The T function or the TE function shall exit SPIS and enter SPM S if the seria poll enable (SPE) message is
true and ACDS is active and the IFC message is false.

4.5.3.6 Serial poll mode state (SPMS)
In SPMS, the T function or the TE function is enabled to participate in a serial poll.

The SPM S does not provide a remote message sending capability.
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The T function or the TE function shall exit SPMS and enter SPIS if either

a) The seria poll disable (SPD) message is true and the ACDS is active
b) Orwithint,if the IFC messageistrue

4.5.3.7 Talker primary idle state (TPIS)

In TPIS, the TE function is able to recognize its primary address and not able to respond to its secondary
address. The TE function powersonin TPIS.

The TPIS does not provide a remote message sending capability.

The TE function shall exit TPIS and enter TPAS if the MTA message is true and ACDS is active:
4.5.3.8 Talker primary addressed state (TPAS)

In TPAS, the TE function is able to recognize and respond to its secondary address.

The TRPAS does not provide a remote message sending capability.

The TE function shall exit TPAS and enter TPIS if the primary command‘group (PCG) message is tifue, the
MTA mnessageisfalse, and ACDS is active.

4.5.4 T function- and TE function-allowable subsets

The or|ly allowable subsetsto the T and TE interface functiens shall be those listed in Tables 17 and 8.

Table 17—Allowable subsets to T interface function

Description
Identffi Capabilities States Other Requirements Other Funftion
catidn e Omitted € Subsets Required
Basic Serial Only Unaddress
Talker Poll M ode If MLA
TO N N N N al none none
T1 Y Y Y N none omit [MLA A ACDS] | SH1 or SHEL and
AH1 or AHEL
T2 Y Y N N none omit [MLA A ACDS] | SH1 or SHHEL and
ton ::I\M::\J/c falso AHl or AHF1
T3 Y N Y N SPIS, omit [MLA A ACDS] SH1 or SHE1 and
SPMS, AH1 or AHEL
SPAS
T4 Y N N N SPIS, omit [MLA A ACDS] SH1 or SHE1 and
SPMS, ton always false AH1 or AHE1
SPAS
T5 Y Y Y Y none include [MLA A SH1 or SHE1 and
ACDS L1-L4or LE1-
LE4
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Table 17—Allowable subsets to T interface function (continued)

Description
i Capabilities .
Identifi States . Other Function
cation Talk Omitted Other Requirements Subsets Required
Basic Serial Only Unaddress
Taker | Poll Mode | 'fMLA
T6 Y Y N Y none include [MLA A SH1 or SHE1 and
ACDS L1-L4 or LE1-
ton alwaystalse LE4
T7 Y N Y Y SPIS, include [MLA A SH1 or\SHE[L and
SPMS, ACDS L1-114 or LH1-
SPAS LE4
T8 Y N N Y SPIS, include [MLA A SH1 or SHE]L and
SPMS, ACDS L1-L4 or LHI-
SPAS ton always false LE4
Table 18—Allowable subsets to TE interface function
Description
Identifi- Capabilities States Other Other Function
cation Omitted Requirements Subsets Required
Basic Serjal | 1@k | Unaddress
Extended Poll Only If M SA %
Talker 0 M ode LPAS
TEO N N N N al none none
TE1l Y Y Y N none omit [MLA A SH1 or SHE1 and
LPAS A ACDY AH1 or AHE1
TE2 Y Y N N none omit [MLA A SH1 or SHE1 and
LPAS A ACDY AH1 or AHE1
ton alwaysfalse
TE3 Y N Y N SPIS, omit [MLA A SH1 or SHIE1 and
SPMS, LPAS A ACDY AH1 or AHEL
SPAS
TE4 Y N N N SPIS omit [MLA A SH1 or SHIF1 and
SPMS, LPAS A ACDY AH1 or AHEL
SPAS ton alwaysfalse
TE5 Y Y Y Y none include [MLA A SH1 or SHE1 and
LPAS A ACDY L1-L4 or LEI-
LE4
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Table 18—Allowable subsets to TE interface function (continued)

Description
| dentifi- Capabilities States Other Other Function
cation Omitted Requirements Subsets Required
Basic Serjal | 1@k | Unaddress
Extended Poll Only If MSA A
Talker o M ode LPAS
TE6 Y Y N Y none include [MLA A SH1 or SHE1 and
LPAS A ACDY L1-L4or LE1-
ton alwaystalse LE4
TE7 Y N Y Y SPIS, include [MLA A SH1\or SHIE1 and
SPMS, LPAS A ACDY L1-l4 or LE1-
SPAS LE4
TES8 Y N N Y SPIS, include [MLA_A SH1 or SHI1 and
SPMS, LPAS A ACDS) L1-L4or LE1-
SPAS ton always false LE4

4.5.5 Additional T and TE interface function requirements and'guidelines

Each d
second
device]

The in
format
output

Each d
functid

ary address) that it recognizes as MTA (or MSA) can be changed in the field by the user

of the output data. It is recommended that a device returning to TACS should continue w
data string at the point of interruption.

evice that includes the ton message-shall be provided with a local means to generate the tal
n. It isintended that the ton message be used in a system with no C interface function capabili

evice that includes a T function or TE function shall previde a means by which the talk address (or

of the

erruption of device sending data by transitions.in and out of TACS should not adversely afflect the

ith the

k-only
Ly.

4.6 Listener (L) interface-function

4.6.1 General description

The L |interface furction provides a device with the capability to receive device-dependent data (inil uding
status ¢lata) ovér the interface from other devices. This capability exists only when the function is adgiressed
to listen.

There aretwo attemative versions of the furnctionone withrandone withoot adaress extension. 1 e normal

L function uses a 1 byte address, the primary listen address. The L function with address extension [herein-
after called an extended listener (LE) function] uses a 2 byte address, the primary and secondary listen
addresses. In all other respects, the capabilities of both versions are the same.

Only one of the two alternative L functions needs to be implemented in a specific device.

NOTE—Both the L function and the L E function are described concurrently throughout 4.6 due to the extensive similar-
ity between these two functions.
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4.6.2 L function state diagram

IEC 60488-1:2004(E)
|EEE 488.1-2003(E)

The L function shall be implemented so as to perform according to the state diagram given in Figure 9 and
the state descriptions given throughout 4.6. Table 19 specifies the set of messages and states required to
effect transition from one active state to another. Table 20 describes the device function interaction required

while each state is active.

The LE function shall be implemented so as to perform according to the state diagram in Figure 10 and the
state descriptions given throughout 4.6. Table 21 specifies the set of messages and states required to effect
transition from one active state to another. Table 20 describes the device function interaction required while

each state is active.

IFC Alon
_ \
IFC Altn /\ CACS

IFC A MLA A ACDS

D
A

UNL A ACDS
IFC
(within t,) [MTA A ACDS]
lun A CACS
ATN ATN
(within t5) (Within t,)

Figure 9—L state dlagram

Table-19—L mnemonics

M essages Interface States
M nemonic Definition Mnemonic Definition
pon power on LIDS listener idle state
Itn listen LADS listener addressed state
lun local unlisten LACS listener active state
fon listen only ACDS accept data state (AH function)
IFC interface clear CACS controller active state (C function)
ATN attention
UNL unlisten
MLA my listen address
MTA my talk address
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Table 20—L or LE message outputs

L or LE State MesRsaer;ec;tgmt Device Function (DF) I nteraction
LIDS none DF not allowed to receive messages
LADS none DF not allowed to receive messages
LACS none DF can receive one device-dependent message
byte each time ACDS is active

IFC Alon
_ vV
IFC Altn A CACS
)

IFC AMSA A LPAS A ACDS
pon ——»
UNL A ACDS
IFC v
(within t,) lun A VCACS
[MSAA ACDS A TPAS ]

ATN ATN
(within t5) (within t,)

MLAACACDS
pon —»

PEG AMLA A ACDS

Note—If the'LE\function is used together with the T function, then
[MSANACDS ATPAS] shall be replaced by [MTA A ACDS].

Figure 10—LE state diagram

4.6.3 L function state descriptions

4.6.3.1 Listener idle state (LIDS)

In LID{Syheither the L function nor the LE function is engaged in the transfer of device-dependent messages.
TheL or LE function powers onin the LIDS state.

The LIDS does not provide a remote message sending capability.

The L function shall exit LIDS and enter the listener addressed state (LADYS) if the IFC message is false and
either

a) Themy listen address (MLA) message istrue and ACDS s active
b)  Orthelisten only (Ion) messageis true (see 4.6.5)
c) Orthelisten (Itn) message istrue and CACSisactive
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Table 21—LE mnemonics

M essages Interface States
M nemonic Definition M nemonic Definition
pon power on LIDS listener idle state
Itn listen LACS listener active state
lun local unlisten LADS listener addressed state
lon listen only LPIS listener primary idle state
IFC interface clear LPAS listener primary addressed state
ATN attention ACDS accept data state (AH function)
UNL unlisten CACS controller active state (Cfunction)
MLA my listen address TPAS talker primary addressed state (T function)
PCG primary command group
MSA my secondary address

The LE function shall exit LIDS and enter LADS if the IFC message is false and either

a) | The my secondary address (M SA) messagelis true and the ACDS stateis active, and the listefier pri-
mary addressed state (LPAS) is active

b) | Or the lon messageistrue

¢) | Or theltn messageistrue and CACSisactive

4.6.3.2 Listener addressed state (LADS)
In LADS, the L function hasreceived its listen address and is prepared for, but not engaged in, the transfer
of devilce-dependent messages. In LADS, the LE function has received both its primary and secondary listen
addrespes and is prepared for, but not engaged in, the transfer of device-dependent messages.

The LADS does not provide a remote message sending capability.

The L functien shall exit LADS and enter

a) Thelistener active state (LACS) within t, if the ATN messageisfase
b) TheLIDSIif either

1) Theunlisten (UNL) message istrue and ACDS is active

2) Orthelocal unlisten (lun) messageis true and CACSis active

3) Orthe MTA messageistrue and ACDS is active

4) Or within ty if the IFC messageistrue

NOTE—Use of the expression containing the MTA message is optional.
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The LE function shall exit LADS and enter

a)
b)

The LACSwithint, if the ATN message isfalse

The LIDSIf either

1) TheUNL messageistrueand ACDSis active

2) Orthelun messageistrue and CACSis active

3) Orthe MSA messageistrue and TPAS and ACDS are active
4)  Orwithint, if the IFC messageistrue

NOTE—Use of the expression containing the M SA messageis optional.

4.6.3.3 Listener-active state (LACS)

In LA
EQS, §
functig
NOTE-
The LA
ThelL

a)
b)

4.6.3.4

In LPI
addred]

The LK

The LK

CS, the L function, or the LE function, is enabled to transfer any device-dependent message
ETB, END, or RQS) to the device functions as received viathe interface signal lines. The AH ¢
n isused by the device function(s) to control the message transfer.

\CS does not provide a remote message sending capability.
function or the LE function shall exit LACS and enter

The LADSwithint, if the ATN messageistrue
The LIDS within t, if the IFC messageistrue

|l Listener primary idle state (LPIS)

S, the LE function is able to recognize its ptimary address and not able to respond to its seq
5. The LE function powersonin LPIS.

PIS does not provide a remote message sending capability.

F function shall exit LPIS and enter LPAS if the MLA message is true and ACDS is active.

4.6.3.% Listener primary addressed state (LPAS)

InLPA

The LK

The LK

S, the LE function.i’s able to recognize and respond to its secondary address.

PA S does nat.provide a remote message sending capability.

MLA message isfalse, and ACDS is active.

(DAB,
r AHE

—The coding and format of the data are, in general, device-dependent and beyond the seope of this standgrd.

pndary

F function shall exit LPAS and enter LPIS if the primary command group (PCG) message is tiue, the

4.6.4 L function and LE function allowable subsets

The only allowable subsetsto the L and LE interface functions shall be those listed in Tables 22 and 23.

4.6.5 Additional L or LE requirements and guidelines

Each device that includes an L function (or LE function) shall provide a means by which the listen address
(or secondary address), which it recognizesas MLA (or MSA), can be changed in the field by the user of the
device.
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Table 22—Allowable subsets to L interface function

Description
Capabilities .
A States . Other Function
Identification . Omitted Other Requirements Subsets Required
. Listen
Basic Only Unaddress
i IfMTA
Listener Mode
LO N N N al none none
L1 Y Y N none omit[MTA A ACDS] | AH1 or AHH1
L2 Y N N none omit[MTA A ACDS] | AHZorAHHL
lon always false
L3 Y Y Y none omit[MTA A ACDSP+~AH1 or AHH1 and
T1-T8or TEL-TE8
L4 Y N Y none omit[MTA AACDS] | AH1 or AHHl and
lon alway§false T1-T8 or TELL-TE8

Table 23—Allowable subsets to LE ifiterface function

Description
Identifi- Capabilities States Other Other Functiop
dation ] ] Omitted Requirements Subsets Requir¢d
Basic Listen | Unaddress
Extended Only If MSA &
Listener | Mode TRAS
LEO N N N all none none
LEL Y Y N none omit [MSA A AH1or AHE1
TPAS A ACDS
LE2 Y N N none omit [MSA A AH1or AHE1
TPAS A ACDS
lon always false
LE3 Y Y Y none omit [MSA A AH1 or AHEL arjd
TPAS A ACDS T1-T8 or TE1-TE8
LE4 Y N Y none omit [MSA A AH1or AHE1 and
TPAS A ACDS T1-T8 or TE1-TE8
lon always false

The interruption of a device receiving data by transitionsin and out of LACS should not adversely affect the
future receipt of input data. It is recommended that a device returning to LACS should continue with the
input data string at the point of interruption.

Each device that includes the lon message shall be provided with alocal means to generate the listen-only
condition. It isintended that the lon message be used in a system with no C interface function capability.
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4.7 Service request (SR) interface function

4.7.1 General description

The SR interface function provides a device with the capability to request service asynchronously from the
controller in charge of the interface.

It also synchronizes the content of the RQS message of the composite status byte present during a seria poll
so that the SRQ message can be removed from the interface once the messege is received true by the
controller in charge (see 4.12.1).

4.7.2

The SR interface function shall be implemented so as to perform according to the state diagram g

ven in

Figure11 and the state descriptions given throughout 4.7. Table 24 specifies the set of messages andl states

requirgd to effect transition from one active state to another. Table 25 specifies the messages that S

sent arld the device function interaction required while each state is active.

rsVA SPAS

rsvA SPAS
SRQS

rsvA SPAS

SPAS

Figure il 1—SR state diagram

Table 24—SR mnemonics

hall be

M.essages Interface States
M nefnenic Definition Mnemonic Definition
pon power on NPRS negative poll response state
rsv request service SRQS service request state
APRS affirmative poll response state
SPAS serial poll active state (T function)

4.7.3 SR state description

4.7.3.1 Negative poll response state (NPRS)

In NPRS, the SR function is not requesting service. The SR function powers on in NPRS.
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Table 25—SR message outputs

SRQ Remote Message Sent Device Function
State SRQ Interaction
NPRS ® none
SRQS T none
APRS " none

IEC 60488-1:2004(E)
|EEE 488.1-2003(E)

In NPH
NOTEA

The SH
SPAS

4.7.3.1
In SR¢
In SR¢
The SH

a)
b)

4.7.3.1
In APH
In APH
NOTEA

The S
active.

4.7.4

snot active.

RS, the SRQ message shall be sent passive false.

P Service request state (SQRS)

DS, the SRQ message shall be sent true.

R function shall exit SRQS and enter

B Affirmative poll response state’ (APRS)

RS, the SRQ message shall be sent passive false.

5Rinterface function allowable subsets

—The RQS message will be sent false when SPAS is active (see 4.5.3.4) and NPRS is active,

DS, the SR function continuously indicates over the interfacehat it is requesting service.

The NPRS if the rsv message is false and SRAS is not active
The affirmative poll response state (APRS) if SPASis active

RS, the SR function requiresservice, but it is not actually requesting it over theinterface.

—-The RQS messagewill be sent true by the talker when SPAS is active (see 4.5.3.4) and APRS s active,

R function shall exit NPRS and enter SRQS at any time the request service-(rsv) message is tjue and

R function-shall exit APRS and enter NPRS at any time the rsv message is false and SPAS is not

The only allowable subsets to the SR interface function shall be those listed in Table 26.

4.7.5 Additional SR interface function requirements and guidelines

The SR function is required for each unique reason for requesting service.

If more than one reason exists, within a device, to request service, then a separate SR function and
corresponding rsv message shall be used for each separate reason.
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Table 26—Allowable subsets to SR interface function

States Other Other Function

| dentification Description Omitted | Requirements Subsets Required

SRO no capability all none none

SR1 complete capability | none none T1,T2,T6, TEL TE2,
TES5, or TE6

‘Gi;f‘" O—1TO0IC BRL® E—ConG oSt Geviteto—generate—a—sMh
requesting service for a single SR function. If multiple SR functions are used, a single SRQ truen
should|be sent when requested by any of the SR functions within a device.

S

Althoygh the T function is in the SPAS, the RQS message shall be sent true if any ef the SR fur
withinja device, isin the APRS. When the SR function exits SRQS, the SRQ messagéjisnot sent agal
either the rsv message goes false and reoccurs or a different SR function in the same'device enters SH

The SRQ message received, via the controller (C) function, isthe logical OR.of the SRQ messages
all SR functions. The way thisis performed viathe use of the SRQ signal lin€is explained in 7.4.2.

4.8 Repmote local (RL) interface function

4.8.1 General description

The R interface function provides a device with the egpability to enable and disableits local controls.

4.8.2 RL function state diagram

The RL interface function shall be implemented so as to perform according to the state diagram given
ure 12| and the state descriptions giventhroughout 4.8. Table 27 specifies the set of messages ang
required to effect transition from oné.active state to another. Table 28 specifies the device function i
tion refiuired while each state is active.

REN A rtl A MLA A ACDS

REN
(within t,)

GTL A LADS A ACDS
v
il A(LLOV ACDS)

REN A LLO A ACDS LLO A ACDS

ctions,
n until

QS.

sent by

inFig-
states
nterac-

MLA A[ACDS]

LWLS RWLS
GTL A LADS A ACDS
Figure 12—RL state diagram

NOTE—If the RL function is used together with the LE function, then the term MLA shall be replaced by t
(MSA A LPAS).
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Table 27—RL mnemonics

4.8.3

4.8.3.

InLO

The L(¢

TheR

M essages Interface States
Mnemonic Definition Mnemonic Definition
pon power on LOCs local state
rtl return to loca LWLS local with lockout state
REN remote enable REMS remote state
LLO local lockout RWLS remote with lockout state
GTL go to local ACDS accept data state (AH function)
MLA my listen address | LADS listener addressed state (L function)

Table 28—RL message outputs

S?ali_te Remote M essages Sent Device Function Interaction
LOCS none device isin“local control” mode

LWLS none

deviceisin “local control” mode

REMS none

deviceisin “remote control” mode

RWLS none

deviceisin “remote control” mode

RL state descriptions

Local state (LOCS)

DCS does not provide a remote message-sending capability.

L funetion shall exit LOCS if the REN message istrue and enter

CS, al local contrals of the associated device functions are operative and the device may respond to
corresponding device-dependent messages from the interface. The RL function powersonin LOCS.

a)

b)

4.8.3.2 Local with lockout state (LWLS)

The remote state (REMYS) if the return to local (rtl) message is false and the MLA message is true

and ACDS s active

The local with lockout state (LWLS) if the universal coded command local lockout (LLO) is true

and ACDS s active

In LWLS, al local controls of the associated device functions are operative, and the device may respond to
corresponding device-dependent messages from the interface. The rtl message is ignored.
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The LWLS does not provide a remote message-sending capability.

The RL function shall exit LWLS and enter

a)
b)

The remote with lockout state (RWLS) when MLA istrue and ACDS is active
The LOCS within t, if the REN message isfalse

4.8.3.3 Remote state (REMS)

In REMS, some or all of the local controls (of the associated device functions) that have corresponding
remote controls, except those controls that send local messages to interface functions, may be inoperative.

The REMS does not provide a remote message-sending capability.

The RIL

a)
b)

4.8.3.4 Remote with lockout state (RWLS)

In RW]
remote
Thertl

The RWLS does not provide a remote message-sending capability.

The RIL function shall exit RWLS and enter;

a)
b)

4.8.4

The or]

function shall exit REMS and enter

The RWLSisthe LLO messageistrue and ACDSisactive

The LOCS

1) Withint, if the REN messageisfase

2) Orthegotolocd (GTL) messageistrueand ACDSand LADS are active

3) Orthertl message istrue and either the LLO message is false o ACDS isinactive

LS, some or al of the local controls (of the associated device functions) that have corresp|
controls, except those controls that send local messages to interface functions, may be inops
message is ignored.

The LOCS within t, if the REN message isfalse
The LWLSIf the GTL messageistrueand LADS and ACDS are active

RL function-allowable subsets

ly allowable subsets to the Remote Local Interface Function shall be those listed in Table 29.

Table 29—Allowable subsets to RL interface function

pnding
brative.

Other Other Eunction
Identification Description States Omitted Requirements Subsets Required
RLO no capability all none none
RL1 complete capability | none none L1-L4or LE1-LE4
RL2 no local lockout LWLSand RWLS | rtl alwaysfalse | L1-L4or LE1-LE4
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4.8.5 Additional RL interface function requirements and guidelines

The ability of a device either to send device-dependent messages over the interface or to receive and use
device-dependent messages not in conflict with locally available data is independent of the state that is
active within the RL function.

When either REMS or RWLS is active, the associated device shall become responsive to all subsequent
input data received viathe interface. Local controls shall be ignored unless specifically enabled by device-
dependent messages sent after entering REMS or RWLS.

It is recommended that the device not alter its state (including local controls) as a result of a transition from

LOCS‘— REMCG £ LAAL o VAL O
WINLIVIOUINTTUINMTLVVL O LIU TAVVL O,

Convefsealy, when either LOCS or LWL S becomes active, the associated device shall becometesporjsive to
future pse of local controls.

After @ transition from REMS or RWLS to LOCS or LWLS, it is recommendedthat devices, [whose
indicators (mechanical, positional, etc.) cannot be changed by remote control, atertheir loca contrg's (and
devicelstate variables) as necessary for their front panel indicators and device state to agree.

After @ transition from REMS or RWLS to LOCS or LWLS, it is recommended that devices, whose front
panel indicators can be changed by remote control, alter their indicators as necessary for their front panel
indicatjon and device state to agree.

Itisrequired that the rtl message shall not be generated permanently.

Applidations that require absolute local control of a device by alocal programming source (for example, a
human| operator) are beyond the scope of this standard.

4.9 Parallel poll (PP) interface function
4.9.1 General description

The PR interface function providesadevice with the capability to present a PPR message to the contrpller in
charggwithout being previously.addressed to talk.

The signal lines DIOL through DIO8 are used to convey the device status bits during the parallel poll. In
order fpr a device torespond with a PPR message, a device shall have been assigned (configured) to asingle
DIO lipe either by.the controller or by aloca message. This allows up to eight devices with a one-lipe-per-
devicelassignment; although any number of devices can be handled through sharing of DIO lines.

The use0fthe parallel poll facility within a system requires a commitment of the current interface cotroller
to conductaparattepott, asTequited:

The parallel poll facility can be used to indicate a request for service. This capability differs from use of the
SRQ message in the following ways:

a) A controller initiates a parallel poll sequence, whereas any device requests the initiation of a seria
poll sequence.

b) A parallel poll enables the transfer of status data from multiple devices concurrently, whereas a
serial poll sequentially collects status data from each device.
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4.9.2 PP function state diagram

The PP interface function shall be implemented so as to perform according to the state diagram given in
Figure 13 and the state descriptions given throughout 4.9. Table 30 specifies the set of messages and states
required to effect transition from one active state to another. Table 31 specifies the messages that should be

sent and the device function interaction required by the function while each state is active.

[PPE A PACS A ACDS ]

\
[Ipe]
e ) )

Vi

FPPB——PACS PP
Vv
[Ipe]

A*EDS

ATN A IDY IDY A ATN
(within tg) (within tg)

PPC A LADS A ACDS
H

PCG A PPC A ACDS

Note—See Table 33 for restrictions on use of the

optional transitions.

Figure 13—PP state \diagram

Table 30=PP mnemonics

M essages Interface States
Mnemonic Definition Mnemonic Definition
pon power on PPIS pardlel poll idle state
ist individual status (Table 31) | PPSS parallel poll standby state
Ipe leca poll enabled PPAS pardllel poll active state
ATN attention PUCS pardlel poll unaddressed to configure state
IDY identify PACS paralel poll addressed to configure state
PPE parallel poll enable ACDS accept data state (AH)
PPD parallel poll disable LADS listener addressed state (L)
PPC parallel poll configure
PCG primary command group
PPU parallel poll unconfigure
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In PPI

The PH

In PPI

The PH

a)
b)

NOTEA

4.9.3.

In PPS
occur.

In PPS

The PH
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Table 31—PP message outputs
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Remote Message Sent Device Function
PP State Qualifier Interaction
PPRn® P
PPIS " none
PPSS (F) none
PPAS |$ - S b T none
PPAS ig#sSP A none

PP state descriptions

Parallel poll idle state (PPIS)

P function powers on in PPIS.

P Parallel poll standby state (PPSS)

P funetion shall exit the PPSS and enter

S, all PRmessages shall be sent passive fase.

8T his column refers only to the specific message assigned by the device.
bSee 4.9.3.3, second paragraph.

5, the PP function is unable to respond to a parallel poll issued by-the interface controller.

5, all parallel poll response (PPR) messages shall be.sent passive fal se.
P function shall exit PPIS and enter the parallel<poll standby state (PPSS) if either

The parallel poll enable (PPE) messageistrue and PACS and ACDS are active
Or the local poll enabled (Ipe) message is true

—Both the Ipe and PPE transitions.are optional; only one shall be used at any given time.

S, the PP function-is.able to respond to parallel pollsissued by the device controller whenevgr they

a)

b)

NOTE—Both the Ipe and PPD transitions are optional; only one shall be used at any given time.

The parallel poll active state (PPAS) within tg if the identify (IDY) and ATN messages are true (a
parallel poll isin progress)

The PPIS if

1) Thelpe messageisfalse
2) Orthe paralel poll disable (PPD) messageistrue and PACS and ACDS are active
3) Orthe paraléd poll unconfigure (PPU) message istrue and ACDS is active
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4.9.3.3 Parallel poll active state (PPAS)

In PPAS, the PP function is responding to the parale poll currently being conducted by the interface
controller.

In PPAS, one of the PPR messages shall be sent true if, and only if, the value of the individual status (ist)
message is equal to the value of the sense (S) bit received as part of the most recently received PPE
command. The PPR message to be sent shall be the one specified by the three bits P1 through P3 received as
part of the most recently received PPE command. Table 32 lists the PPR message specified by each of the
combinations of values of P1 through P3 (see 4.9.5). All other PPR messages should be sent passive false.

Table 32—PPR message specified by values P1 through P3
BitsReceived with
Most Recent PPE PPR
Command M essage
Specified
P3 P2 P1
0 0 0 PPR1
0 0 1 PPR2
0 1 0 PPR3
0 1 1 PPR4
1 0 Q PPR5
1 0 1 PPR6
1 1 0 PPR7
1 1 1 PPRS8
The PR interface function 'shall exit PPAS and enter PPSS within tg if either the IDY or ATN message is
false (fhe parallel pollisover).
4.9.3.4 Paralletpoll unaddressed to configure state (PUCS)

In PUCS, the PP function shall ignore any PPE or PPD messages that might be received over the interface.
The PR function powers on in PUCS.

The PUCS does not provide aremote message-sending capability.

The PP function shall exit PUCS and enter the parallel poll addressed to configure state (PACYS) if the PPC
message istrue and if LADS and ACDS are active.

4.9.3.5 Parallel poll addressed to configure state (PACS)

In PACS, the PP function is able to act on PPE or PPD messages received over the interface. If a PPE
message is received, the attendant bits S, P1, P2, and P3 should be saved by the function.
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The PACS does not provide aremote message-sending capability.

The PP function shall exit PACS and enter PUCS when the PCG message is true, the parallel poll configure
(PPC) message isfase, and ACDSisactive.

4.9.4 PP interface function-allowable subsets

The only allowable subsets to the parallel poll interface function shall be those listed in Table 33.

Table 33—Allowable subsets to PP interface function

A P States : Other Function
Ident|fication Description Omitted Other Requirements Subsets Regliir ed
PPO no capability al none none
PP1 remote none include [((PPD A PACS) v L1-L4or LE1{ E4

configuration PPU) A ACDS]
include [PPE A PACS A ACDS]
exclude Ipe

PP2 local configuration PUCS, include Ipe none
PACS exclude [((PPDA PACS) v

PPU) A ACDS]
include [PPE A PACS A ACDS]
local messages shall be
substituted for S, P1, P2, P3

4.9.5 Additional PP interface function requirements and guidelines

If subget PP2 is taken, field-settable localmessages shall substitute for the PPE command to specify PPR
m e and the message sense to be ysed during a paralel poll.

4.10 Device clear (DC) interface function
4.10.1) General description
The QC interface function provides the device with the capability to be cleared (initiaized)| either

individually or.as part of a group of devices. The group may be either a subset or all addressed devices in
one system,

4.10.

The DC interface function shall be implemented so as to perform according to the state diagram given in
Figure 14 and the state descriptions given throughout 4.10.
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(DCLV [SDC A LADS ]) A ACDS

(DCLV [SDC A LADS ]) V ACDS

Figure 14—DC state diagram

Table 34 specifies the set of messages and states required to effect transition from one active state to
anothey HH torH } : phi e e

Table 34—DC mnemonics

M essages Interface States
Mnemonic Definition Mnemonic Definition
DCL device clear DCIS device clearidle’state
SbC selected deviceclear | DCAS device clear active state
ACDS accept data state (AH function)
LADS listener addressed state (L function)

Table 35—DC message outputs

DC Remgote

State M ge Sent Device Function (DF) Interaction

DCIS none norma device function operation

DCAS none DF should return to aknown fixed state

4.10.3 DC function state descriptions

4.10.3.1 Device clear idle state (DCIS)

In DCIS, the DC function isinactive.

The DCIS does not provide a remote message-sending capability. The DC function shall exit DCIS and
enter the device clear active state (DCAYS) if ACDS s active, and either

a) Thedeviceclear (DCL) messageistrue
b)  Or the selected device clear (SDC) messageistrue and LADSis active

NOTE—Use of the expression containing the SDC message is optional.
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4.10.3.2 Device clear active state (DCAS)

In DCAS, the DC function sends an internal message to the device function(s), which causes it (them) to be
cleared. The DCAS does not provide a remote message sending capacity.

The DC function shall exit DCAS and enter the device clear idle state (DCIYS) if either ACDS is inactive or
neither

a) TheDCL messageistrue
b) Northe SDC messageistrue and LADS is active

NOTE-—Jse-oi-the-expression-eontaining-the-SBE-messege-is-optional-
4.10.4 DC interface function-allowable subsets

The orly allowable subsets to the DC interface function shall be those listed in Table 36,

Table 36—Allowable subsets to DC interface function

Identification Description Osr,tnﬁ?:d Other Requirements S?E)gs':;enqcljii?gd
DCO no capability al none none

DC1] compl ete capability none none L1-L4or LE1-LE4
DC2 omit selective device clear none omit [SDC A LADS) AH1 or AHE1

4.10.5 Additional DC function requirements and guidelines
The DCAS affects only device functionsand does not affect other interface functions (cleared by IFQ).
A device may use the DC function for any purpose consistent with its operation. Normally, use of the DC
functign should alow resumption of device-dependent message flow to and from device furjctions.

Howeyer, this function may_be used to put any subset of the device's functions to a defined state deemed
approgriate by the designer, which state the designer shall then specify.

4.11 Device trigger (DT) interface function

4.11.1) General description

The DT interface function provides the device with the capability to have its basic operation started either
individually or as part of a group of devices. The group may be either a subset or all addressed devicesin
one system.

4.11.2 DT function state diagram

The DT interface function shall be implemented so as to perform according to the state descriptions givenin
Figure 15 and the state descriptions given throughout 4.11. Table 37 specifies the set of messages and states
required to effect transition from one active state to another. Table 38 specifies the device function
interaction required while each state is active.
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GET A LADS A ACDS

GET V LADS V ACDS

Figure 15—DT state diagram

Table 37—DT mnemonics

M essages Interface States
Mnemonic Definition Mnemonic Definition
GET group executetrigger | DTIS device trigger idle state
DTAS device trigger active State
ACDS accept data state\(AH function)
LADS listener addressed state (L function)

Table 38—DT message .outputs

DT Remote

State M essage Sent Device Function (DF) Interaction

DTIS none normal device function operation

DTAS none DF should start performing triggered operation

4.11.3 DT function state descriptions
4.11.3L1 Device trigger idle state (DTIS)
In DTIS, the DT function isinactive. The DTIS does not provide a remote message-sending capability.

The DT function shall exit DTIS and enter the device trigger active state (DTAYS) if

a) —TNEegroup execute trigger (GET ) MeSsage IS true
b) AndLADSand ACDS are active

4.11.3.2 Device trigger active state (DTAS)

InDTAS, the DT function sends an internal message to the device function, which causesit to start perform-
ing its basic operation.

The DTAS does not provide a remote message-sending capability.

[ Published by IEC under licence from IEEE. © 2003 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=422ccb87061a22926c0f01d20d1995cf

- 68— IEC 60488-1:2004(E)
IEEE 488.1-2003(E)
The DT function shall exit DTAS and enter DTISf either
a) The GET messageisfalse
b) OrLADSIsinactive
c) OrACDSisinactive

4.11.4 DT interface-allowable subsets

The only allowable subsets to the DT interface function shall be those listed in Table 39.

—  Table 39—Allowable subsets to DT interface function

I I States : Other, ' Runctipn
Identification Description Omitted Other Requirements Subset§Requifred
DTO no capability al none none
DT1 complete capability none none L1-L4 or LE1-L[E4

4.11.5 Additional DT function requirements and guidelines

The DT AS indicates that the device (or defined portions of thedevice) is to start performing its designated
operation.

It is recommended that the device should begin the operation immediately after DTAS becomes activie.
Once f device operation has been started, it shall* not respond to subsequent state transitions umtil the

operatijon is complete. Only after completion_ef-the first operation can the device start a new opergtion in
responge to the next DTAS active condition:

4.12 Controller (C) interface function
4.12.1) General description
The { interface function’ provides a device with the capability to send device addresses, urfiversa

commInds, and addressed commands to other devices over the interface. It also provides the capahility to
condugt parallel pells to determine which devices require service.

AC ;rerface function can exercise its capabilities only when it is sending the ATN message oyer the
interface.

If more than one device on the interface has a C interface function, then all but one of them shall bein the
controller idle state (CIDS) at any given time. The device containing the C interface function that is not in
the CIDS is called the controller-in-charge (of the interface system). Protocol is provided within this
standard to alow devices with a C interface function to take turns as the controller-in-charge of the
interface.

The C interface function in one of the devices connected to an interface (but no more than one) can exist in
the system control active state (SACS). It shall remain in this state throughout operation of the interface and
S0 possesses the capability to send the IFC and REN messages over the interface at any time whether it isthe
controller-in-charge. This device is called the system controller (of the interface system).
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4.12.2 C function state diagram

The C interface function shall be implemented so as to perform according to the state diagram given in
Figure 16 and the state descriptions given throughout 4.12.1. Table 40 specifies the set of messages and
states required to effect transition from one active state to another. Table 41 specifies the messages that shall

- 69—

be sent and the device function interaction required while each state is active.

Table 40—C mnemonics

M essages Interface States
Mnemonic Definition Mnemonic Definition
pon power on CIDS controller idle state
rsc request system CADS controller addressed state
control
rpp request parallel poll CTRS controller transfer state
gts go to standby CACS controller ective state
tca take control CPWS controller parallel poll wait state
asynchronously
tcs take control CPPS controller parallel poll state
synchronously
sic send interface clear CSBS controller standby state
sre send remote enable CSHS controller standby hold state
IFC interface clear CAWS controller active wait state
ATN attention CSwWSs controller synchronous wait state
TCT take.control CSRS controller service requested state
CSNS controller service not requested
sate
SNAS system control not active state
SACS system control active state
SRIS system control remote enable idle
sate
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Table 40—C mnemonics (continued)

M essages Interface States
Mnemonic Definition Mnemonic Definition

SRNS system control remote enable not
active state

SRAS system control remote enable
active state

ST system control interface clear idle
State

SINS system control interface clear not
active state

SIAS system control interface\¢lear
active state

ACDS accept data state (AH function)

ANRS acceptor not ready state (AH
funetien)

SDYS source delay state (SH function)

STRS source transfer state (SH function)

TADS talker addressed state (T function)

[ Published by IEC under licence from IEEE. © 2003 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=422ccb87061a22926c0f01d20d1995cf

IEC 60488-1:2004(E) —-71-
|EEE 488.1-2003(E)

Table 41—C message outputs?

Remote M essages Sent
C State Device Function (DF) Interaction
ATN IDY Multiline IFC REN

CIDS (3] (3] (NUL) DF shall not send interface messages

CADS (3] (3] (NUL) DF shall not send interface messages

CACS T F b DF can send interface messages

CPWS T T (NUL) DF shall not send interface messages

CPPS T T (NUL) DF can receive PPR messages

CsSBS F (3] (NUL) DF shall not send interface messages

CSHS F (3] (NUL) DF shall not send interface messages

CSWsS T For (NUL) DF shall not send.interface messages

F

CAWS T F (NUL) DF shall not send interface messages

CTRS T F TCT DE'shal finish sending TCT message

Sl$ F none

SINS F none

SIAS T none

SRIIS (3] none

SRINS F none

SRAS T none

CSINS none No service requests exist

CSIRS nong DF notified of request for service
3Mespage values Sent are shown opposite only those states which affect them. Each major section (denotefl by

heayier raw dividers) of the table correspondsto agroup of mutually exclusive stateswithin the controller function.
va?%/r Iaosjhe:jrl gtliaiaﬁ?nmsfige listed in Table 44. Although enabled by the C function, these messages origipate
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IFC A SACS

(within t,) TCT A ACDS
R A

IFC A ACDS A|TCT A TADS -
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Figure 16—C state diagram
4.12.3 C state descriptions
4.12.3.1 Controller idle state (CIDS)

In CIOS,the-C function relinquishes all of its interface control capabilities. The C function powerg on in
CIDS.

In CIDS, the ATN and IDY messages shall be sent passive false and the NUL message shall be sent passive
true.

The C function shall exit CIDS and enter controller addressed state (CADS) when either
a) Thetake control (TCT) message (sent by the controller-in-charge) is true, the TADS and ACDS are
active, and the IFC message isfase

b)  Or the system control interface clear active state (SIAS) is active

NOTE—The expression containing the TCT messagesis optional .
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4.12.3.2 Controller addressed state (CADS)

In CADS, the C function is in the process of becoming the controller-in-charge of the interface, but it is
waiting until the current controller stops sending the ATN message.

InCADS, the ATN and IDY messages shall be sent passive false and the NUL message shall be sent passive

true.

The C function shall exit CADS and enter

a) Thecontroller active state (CACS) if the ATN messageisfase

b ThalClDG abloia & £ 2l o 1= HPy AN ey . WalalH toont:
FTTIC OO VVILTITT l.4|| L||C|r\,|||\,oaugCIouucallu OANOCOITOTIUL ALLTVTE

4.12.3.3 Controller active state (CACS)

In CACS, the C function enables the transfer of multiline interface messages from the device functig
the intgrface signal lines. These messages include device addresses, universal commands; or addresse

n(s) to
d com-

mands| The SH or SHE function determines when the device function(s) may changethe message cortent of

the myltiline messages being sent. However, message content is determined solely by the device func

The A[TN message shall be sent continuously true, and the IDY message.shall be sent continuously

ion(s).

false,

while CACS is active, under which conditions any of the multiline messagesin Table 42 may be senf by the

device|functions.

Table 42—Multiline messages

Universal

Commands | AR Comnards | Commans
LLO (LAD)? GET (SAD)P
DCL (TAD)® GTL PPD
SPE UNL PPC PPE
SPD SDC

PPU TCT

OSA).

9Represents a listen address of a specific device (received as MLA).
bRepresen’[s a secondary address of a specific device (received as MSA or

®Represents atalk address of a specific device (received asMTA or OTA).

The C function shall exit CACS and enter

a) The controller transfer state (CTRS) if the TCT message istrue, TADS is (optionally) inactive, and

ACDS s active

b) The controller parallel poll wait state (CPWS) if the request parallel poll (rpp) message is true, and

neither SDY S nor STRSis active

c) The CIDSwithin t4 if the IFC messageistrue and SACS is not active
d) Thecontroller standby state (CSBYS) if the gts (go to standby) message is true, and neither STRS nor

SDYSisactive
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4.12.3.4 Controller parallel poll wait state (CPWS)

In CPWS, the C function is conducting a paralel poll over the interface but waiting for the DIO lines to
settle.

In CPWS, the ATN and IDY messages shall be sent true and the NUL message shall be sent passive true.
The C function shall exit CPWS and enter

a) Thecontroller paralel poll state (CPPS) after a period of Tg has elapsed
b) The CIDS within t, if the IFC message istrue and SACSis not active

Tha CAAMIC ctataif o rafal
C) FTICTOUAVV O SLATTT UIT TPY TTTCoOoAY T To TAl OT

4.12.3.5 Controller parallel poll state (CPPS)

In CPRS, the C function is conducting a parallel poll and actively transferring PPR message values to the
devicelfunction(s) as received viathe interface signa lines.

In CPRS, the ATN and IDY messages shall be sent true and the NUL message shall be sent passive tijue.
The C function shall exit CPPS and enter

a) | The CAWSIif the rrp messageisfase
b) | The CIDS within t, if the IFC message is true and SACSjishot active

4.12.3.6 Controller standby state (CSBS)

In CSBS, the C function is allowing two or more devices to transfer device-dependent messages oyer the
interface.

In CSBS, the ATN message shall be sent false, the IDY message shall be sent passive fase, and the NUL
message shall be sent passive true.

The C function shall exit CSBS and enter

a) | The controller standby-hold state (CSHS) if the take control synchronously (tcs) message is tjue and
ANRS s ective
b) | The controllersyrichronous wait state (CSWS) if the take control asynchronously (tca) message is
true

¢) | The CIDSwithin t, if the IFC messageistrue and SACSis not active

4.12.3.7 Controller synchronous wait state (CSWS)

In CSWS, the C function is in the process of entering the controller active wait state (CAWS) but is waiting
for a specified time T, to make sure that the current active talker recognizes the ATN message being sent
over the interface. If this state was entered via the tcs message, the device function(s) shall continue to send
it true during this state.

This causes the AH or AHE interface function to continue sending the RFD message false over the interface,
holding off transfer of the next data byte.

In CSWS, the ATN message shall be sent true, the IDY messages shall be sent active or passive false, and
the NUL message shall be sent passive true.
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TheC

a)
b)

function shall exit CSWS and enter

The CAWS after a period of T; has elapsed or if TADSis active
The CIDS within t, if the IFC message istrue and SACS s not active

4.12.3.8 Controller active wait state (CAWS)

In CAWS, the C function is waiting for a period of Tq before entering CACS. Thiswait shall occur in order
to guarantee that the EOI line has settled to its proper value and that no device is responding erroneously to
what appears to be aparallel poll.

InCA

shall b
TheC
a)

b)

c)
412.3
In CTH
In CTH
shall ¢

TheC

a)
b)

412.3

In CSH
interfa

TheC

AL o ANl lall o + 3t +lo LN\ L lall o + £l atlo Dl 1
VO, HIT A TINTTICoOAYT ol'ldiT VT ST LTUS, T T T TTHCOooA T ol AT UT OUTNL TAN oG, AU triC INUL 11

b sent passive true.

function shall exit CAWS and enter
The CACSif the rpp message is false and a period of Tg has elapsed
The CPWS if the rpp messageis true
The CIDS within t, if the IFC message istrue and SACS s not active

.9 Controller transfer state (CTRS)

RS, the ATN message shall be sent true, the IDY message shall be sent false, and the TCT
bntinue to be sent true.

function shall exit CTRS and enter CIDS when either

The STRS becomesinactive
Or within t, if the IFC messageis true and SACS is not active

.10 Controller service requested state (CSRS)

S, the C function is patifying the device function(s) viaalocal message that at least one devicq
Ce is requesting serviee.

bRS does not)provide a remote message-sending capability.

The C

messagre is false.

functien“shall exit CSRS and enter the controller service not requested state (CSNS) if th

essage

RS, the C function is sending the TCT addressed command to‘another device and is thusin the process
of becoming idle.

essage

onthe

e SRQ

4123

.11 Controller service not requested state (CSNS)

In CSNS, the C function is notifying the device function(s) via alocal message that no device on the inter-

faceis

requesting service.

The CSNS does not provide aremote message-sending capability.

The C function shall exit CSNS and enter CSRS if the SRQ messageistrue.
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4.12.3.12 System control not active state (SNAS)

In SNAS, the C function relinquishes all of its system control capabilities. The SNAS does not provide a
remote message sending capability.

The C function shall exit SNAS and enter SACS if the request system control (rsc) messageis true.

4.12.3.13 System control active state (SACS)

In SACS, the C function is alowed to exercise its system control capabilities. The SACS does not provide a
remote message-sending capability.

The C function shall exit SACS and enter SNAS if the rsc message is false.

4.12.3.14 System control interface clear idle state (SIIS)
In SI1$, the C function has no capability to clear the interface. The C interface function‘powerson in|SIIS.

In SIS, the IFC message shall be sent passive false.

The Cfunction shall exit SIISif SACSisactive and enter

a) | The system control interface clear not active state (SINS) if the send interface clear (sic) megsageis
fase
b) | The system control interface clear active state (SIAS) if'the’sic message is true

4.12.3.15 System control interface clear not active state (SINS)

In SINSS, the C function is not engaged in clearing thenterface.

In SINIS, the IFC message shall continuously be.sent false.
The C function shall exit SINS and enter

a) | TheSIASIf thelocal sic message istrue
b) | TheSIISif SACSisnot active

4.12.3.16 System controlinterface clear active state (SIAS)
In SIAFS, the C functien\is engaged in clearing the interface.

All intprface functions connected to the system shall respond to the IFC true message and will transfer to a
knownyinitial state.

In SIASthe H=C-message shal-be-sent-true:

The C function shall exit SIAS and enter

a) TheSINSif the sic message isfalse and SIAS has been active for at least a period of Tg
b) TheSlISif SACSnot active

4.12.3.17 System control remote enable idle state (SRIS)

In SRIS, the C function has no remote enable capability. All implementations of the C function should
remain in the SRIS continuously except when used in a device capable of system controller performance.
The C function powers on in the SRIS state.
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In SRIS, the REN message shall be sent passive false.

The C function shall exit SRIS and enter

a)

b)

The system control remote enable not active state (SRNS) if the send remote enable (sre) messageis

fase and SACSisactive

The system control remote enable state (SRAS) if the sre message istrue, SACSis active and SRIS

has been active for at |east a period of Tg

4.12.3.18 System control remote enable not active state (SRNS)

In SRI
In SRN
TheC

a)
b)

412.3

In SR
interfa

In SRA
TheC

a)
b)

412.3

In CSH
device|

| a3y N o f ' H s = N + 'h £ + Lo &l H +lo ottt
N, UTC O TUTNCUUITTO TTULU T Iu%w T CHIAJITTT Iu TCITIULT U'JCl ALTUINT UT ULTNICT UCTVILVCO UVCT UICTTILTTT
S, the REN message shall be sent passive false.

function shall exit SRNS and enter

The SRAS if the sre message is true for at |east a period of Tg
The SRISif SACSisnot active

.19 System control remote enable active state (SRAS)

S, the C function is actively engaged in enabling remote’operations of other devices o
Ce.

S, the REN message shall be continuously sent true:
function shall exit SRAS and enter

The SRNS if the sre message isfase
The SRIS if SACSisnot active

.20 Controller standby hold state (CSHS)

1S, the C function isin@ahold state until such time as the DAV message is false as presentef
5 connected to the system. The CSHS state prevents false coincidence of the ATN ang

messagles, as observed by-idle devices, during atcs sequence.

In CSH

1S, the ATIN mMessage shall be sent false, the IDY message shall be sent passive false, and th

messagje should(be sent passive true.

TheC

function shall exit CSHS and enter

ce.

er the

i to all
DAV

e NUL

a)
b)
©)

The Controller Standby Wait State (CSWS) if a period of T has elapsed
The CSBSif the tcs messageis false
The CIDS within t, if the IFC message istrue and SACS s not active

4.12.4 C interface function allowable subsets

The only allowable subsetsto the C interface function shall be those listed in Table 43.

[ Published by IEC under licence from IEEE. © 2003 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=422ccb87061a22926c0f01d20d1995cf

~78 - IEC 60488-1:2004(E)
|EEE 488.1-2003(E)

aolalalalaelalalalalglglalalalfaglag z
B R R R BRI R R RO 0N e 0 WIN| RO -
39}5“:
8
8 T I T Y Y 4 System Controller
8 T I I T e I 0 4 Send IFC and Take Charge
8 T I I e O 0 =4 Send REN
8 T I G T I 0 =4 Respond to SRQ
< < << < << << << <I<[<TTTT1T1T= Send | F. Messages g
&
Z|Z| XXX XK=<y <<y = Receive Control %
<|<|z|z|z|z|<|<|<|<|<|<|<|</||1IIlIl=z Pass Control »
o
T
< <XjZzjZz|Z|Z|Z|Z\ Z|Z| <[ <\ <<= Pass Control\tg Self )
Y
</ <|z|z|<|<|ziz|<|<[Z|[Z|<|<|]|/IllllIl= paraidl Poll T’
>
z <|z}jzixjzi<jizi<izi<1zi < 1{1|1|1= Take €ontrol Synchronously g
Ry [y iy iy iy g iy Py Ry g ey Py Py Py gy P 2
N DD E B g
i 88 BE BB ) g )
=3 & o
NS 4
%3
LV ey eyt ekp® o SNAS, SACS 4
73
N T I R O I B R I e R A R SIS, SIAS, SINS g
o
LTyt A2 r]o SRIS, SRAS, SRNS S
=
LTyt ®rrfr]o CSNS, CSRS el <
@ =
i} e
o x| W o o v o o oo o || |||]|]]]O CACS, CSBS, CSHS, o =
CSWS, CAWS 2 3
olo|lm=m m DI OB BI|||||l| O CADS g g
o
o
o ;| oo o wEbo| o oo o o[ ||]]]]0 cIDS ®
-
c
n| w|o|o|o|d/ o oo oo oD |[|||||]|]O CTRS 3
Q
=
T W OOl OOl IO|O|@ DT ||]||]]]]|©O CPWS, CPPS S
D DQRO|O| O D DD DD DD D || ]||]]|]]O [TCT » ACDS* TADS]? »
]
afio|o|o|olo|ojo|lo|m @I D ||||]]]]|O (TADS[¢ g-g
2
]
O3 O™ O DO TO| DO DTO|DT||]||]|I]|OC tcs not always false @
LV ey eyt == 1o c1
I e e T A I I O T O A R O c2 o)
g%’
2
R 2000 3 Z {1 | AHLor AHEL L1-L4,or LELLE4 | p T
o=
Q
o x| o oo oo oo oo oo ||| ] SH1or SHEL ;‘é
D[ |||BBD DD D DD ||||]|]]] T1-T8, TELTES

[ Published by IEC under licence from IEEE. © 2003 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=422ccb87061a22926c0f01d20d1995cf

—-79—

IEC 60488-1:2004(E)
|EEE 488.1-2003(E)

OU = N S9A = A poJmbaIiou Joa[geafjdde jou = — ‘paiinbes =y ‘Jwo =0
"UONUBIUOD B|0.43u0d a|d i3 nw apnjoa.d 03 afiessall D4 8y} JO [eAoual BY) [hun N1V pue axeuspuey
82JN0S 3} JO UOILIasSse aAI9e wo)) urerdl pinous Je|j01uod walsAs ayl ‘ab.reyd-ui-Ja|jo1uo0d se Buresedo si8a1nap easAyd Jeyioue awn ayl BuLinp D4 | suesse Jo|[01u0d weishs e uayma (9)
9|qssod s1 afiessed [041U0D OU BJaYM SUBISAS pue S321/ap Ul pash aq 01 papuaiul a.e s1esans asay | (S)
"pepN U1 S1 2D SSY|UN Pamo| e Jou d.e siesgns sy L ()
'SWAsAS B ||0uod1}NW Ul paleledo ag 01 afe Y2 IYM S321ASP Ulfpapnioulaqg |eys 911s SY 1D 8yl (€)
'8z ybnouyl GO wol} uasoyd aq Aew jasgns auo AUo ()
'820 Ubnouyl GO Jo auo Aue Yiim uoieuIquiod Aue Ui uasoyd ag Aew 12 Ypnoayl T S19sans Jo aiow JoauQ (T)
'S910N
"UOISSBIdXS [UONISURI SH 1D 01 SOV 8y} Jo Med SISyl ,
"uo1SSaIdXd [UOIISURII SAYD 01 SAID3Y) Jo Hed SISyl
'8y ‘e ‘B ‘TO ‘91dwexe 104 peioejes siesans ay Buredipul siequunu 8yl Jo 810w Jo 8uo Ag pemo| [0} O Jele| 8y} JO SISISUOD Je||0Ju0d e 8] L1asep 0} uoifelou eaidA] ,
—| 4| —| —| —| 0] o] ol o] O] O Oo|"dY| —| —| —| — Q@ | N| N| N| N| N| Al —| —| —| — 820
—| d| 4| —| —| 4] o]l O] Oo| O] O O M| —| —| — Q@ | A| N| N| N| N| Al| —| —| —| — 120
—| ¥ —| —| —| O]l 0| O/l 4] o] O o ¥|&H|,—| —| — @@ | N| A| N| N| N| Al —| —| —| — 920
—| ¥d| ¥4 —| —| d|| 0| O/ 4] O] O Oo| ¥ WV~ —| — @@ | A| A| N| N| N| Al —| —| —| — 620
d) 4| —| —| —| ol o] ¥ O ¥ ¥| O] 4| —| = | —| ®WE®@| N| N| N| A| N| Al| = —| —| — ¥20
4 ¥ ¥ —| —| ¥ 0] d] O] ¥ ¥ O d| —| —| ¥ — @E@ ] A N| N| A| N| A —| —| —| — €20
d| 4| —| —| —| ol o] 9| 9| ¥ ¥ O] d| —| —| —[4= ®WE®@| N| A| N| A| N| Al| —| —| —| — 220
d| 9| d| —| —| 4| o] d| d| ¥ ¥ O] 4| —| —| —| =4WMEE@| A| A| N| A| N| Al| —| —| —| — 120
d| 4| —| —| —| o}l °d| 9| o] d| d| O d| —| —| —| —| @)@ | N| N| A| A| N| Al| —| —| —| — 020
d| 9| ¥ —| —| 4|l ¥ "] o] ¥4 ¥ O] | —| —| —| —| @EE| A| N| A| A| N| Al| = —| —| — 6TO
>
= 3
5 3 2l | g 2 7 :
g > %) Ie) =
m 2 m m > 9 831 2| o | a 2 s T/s m 7 “mw m .M 3 W
s | BB gzl 2 olalolal? | el 2 s | §)8 8|2 (8| ¢ s 8
4 Q - 0 0 P ol v = = > |© %) » > | @ = x 0 @ : 2 a a 0
m . N e | Sl ol ol B 2] 70 ol 21 & g | e 3 o o | =l = T | 4| ¢
[ @ ~ 2 < > 9 n 2 O |29 | |4 4 3 - = 2 = o m o 2 euon
RN a 213 20| B g 2|3 SN g | 3| #E | 2 m Q| 2| 5|5 | eoynep
E [ Q [ qu wn n % " 2 W (2] 3 % o & 3 o W 13!
o 8 g » & g = # g
[ 778 «Q
- < ®
0
inleysyeans | susfmaniay punboy owS o]

(panunuod) uonoduUN} 9dLLIBIUI J13]|0JJUO0D 0] S}asqns d|qeMo||y—Eet dlqel

[ Published by IEC under licence from IEEE. © 2003 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=422ccb87061a22926c0f01d20d1995cf

80— IEC 60488-1:2004(E)
IEEE 488.1-2003(E)

4.12.5 Additional C function requirements and guidelines
WARNING—Use tcawith caution.

Restriction on the use of tca: The designer shall not assume that valid data will be transferred across the
interface if the tca message becomes true while a device-dependent message is true.

Background: Asynchronous interruption of an active talker by a controller through the use of tca may occur
a any time when a device-dependent message is true. If a device-dependent message is true and ATN
becomes true the interrupted byte could be misinterpreted by other devices as an interface message (for
example, command or address) and produce unintended state transitions.

The tcg message, if used, may change from false to true only during CSBS. It may change from true:fo false
only dpring the CAWS. These restrictions guarantee that RFD is held false for the proper amount ¢f time
duringla synchronous take-control operation.

A devife with system controller capability should be provided with a manual means tajinterrupt the lgcal rsc
message if that deviceisto be used in multiple controller environments.

4.13 Remote message coding and transfer
4.13.1l Remote message coding

Each rpmote message is sent by an interface function or receivied by an interface function via one gr more
interface signa lines. This section defines the complete set of\remote messages and how they are coded and
transfgred on the signa lines. The coding of al remote messages sent or received by the various interface
functignsis specified in Table 44.

4.13.2 Remote message coding concepts

M essafies may be coded into the logical state)of one or more signal lines.

For thils standard, a message derived\from or sent as the logical state of only one signal lineisreferrad to as
aunilihe message (for example, ATN).

For this standard, a messagederived from or sent as a combination of logical states of two or morg signal
linesig referred to as a multiline message (for example, DCL).

A message may bedefined as alogical combination (AND, OR, or NOT) of other messages (for example,
QTA).

The cqding of a message sent and received is the same.

4.13.3 Remote message transfer

A message is sent by driving one or more specified signal linesto alogical 1 or alogical 0. Lines not speci-
fied as part of the message coding shall not be driven.

A message is received by sensing one or more specified bus signal lines to determine the logical vaue of
each signal line as either 1 or 0. Lines not specified as part of the message coding are ignored.

A uniline message valueis considered valid as soon asits corresponding logic state is detected. (See Table 4,
Table 10, Table 15, Table 25, Table 31, and Table 41 for times at which messages may be sent.)
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A multiline message is valid only within the context of the SH or SHE and AH or AHE functions. A
transmitted multiline message isvalid while the SH or SHE function isin the source transfer state (STRS). A
received multiline message is valid while the AH or AHE function is in the accept data state (ACDS).

All passive message values are transferred as 0 signal line states. This requires only the logic OR of signal
line states to be performed on the interface.

4.13.4 Remote message coding table organization and conventions

All messages capable of being sent or received by an interface function are listed by name and mnemonicin

Al line.

lor0)

Table 44.

The taple correlates the message value (true or false) to the bus signal line logical value (1 or 0) arLd vice
versa

Each remote message entry in the table specifies both the encoding required to send the.messages and the
decodipg required to receive the messages.

The trge value of a uniline message is specified by the assignment of a specific légica stateto asign

The trge value of amultiline message is specified by the assignment of a tnique set of logical states

to the ¢orresponding set of signal linesthat contain the message.

The fgse value of a message is any combination of logic states/{1 or 0) other than the unique $et that

specifi

Each
further
device]

Thelo
logics

ES the true value.

ates as follows:

0 =logical zero

1=logica one

X =don't care (forthe-coding of areceived message)

X =shall not driyeunless directed by another message (for the coding of a transmitted messg
Y =don't care\(for the coding of atransmitted message)

Y =don't eare (recommended for the coding of a received message)

Table

4.13.1:!emote message coding table perspective

18’ constructed to reflect each remote message sent (or received) by each the interface func

nessage entry in the table is identified by type:cejther uniline U or multiline M. Each message is

identified by class (1 of 7) according to thésfunction it performs within the interface function or
function.
pical state a bus signal line may have.is specified in the table as a0, 1, Y, or X. These repregent the

0€)

ion. In

actual use, two or more messages as defined in the table may be sent concurrently (for example, DAB true
and ATN false) by different interface functions. See footnotes b and k to Table 44 and Annex D.

4.13.6

Summary notes and symbols for remote message coding Table 44

Level Assignment:

0= High state signal level
1= Low state signal level

The coding of Table 44 may be translated to equivaent electrical signal levels as specified in 5.2.Symbols:
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Type:
U= Uniline message
M= Multiline message
Class:
AC= Addressed command
AD= Address (talk or listen)
DD= Device-dependent

HS= Handshake
UC= Universal command
SE= Secondary
ST= Status
Table 44—Remote message coding
M Bus Signal Line(s) and Coding That Assertsthe True Value of {he
e M essage
. TS
M essage y
m Name p| 2D N INlalElS R
e 7/6|5|4|3]2 A T|O|R|F|E
f s |0 OV FIAIN]T 0l €N
i 8 1 D|C i
c
ACG | | addressed M|AC [ Y |0 |0 |0 |X|XMX|X|X|[X|X]1|X|X|K|X
command
group
ATN | | attention UJUC | XX | XXX | X[ X|X|X[X|X]1|X|X|K|X
DAB | | databyte?® M|DD |D|D|IBDYD|D|D|D|D|X|[X|X]0|X|X|K|X

DAC| | dataaccepted | U | HS | XNX [ X | X | X | X | X | X | X | X |0 | X | X | X | K| X

DAV | | datavalid U HS'\UX [ X | X[ X[ X | X[ X[ X]1 | X]|X|X]|X|X|K|X

DCL | | deviceclear MPWUC | Y|]O|]O |1 0|1 |0 |0 |X|X|X|1|X|X]|]K|X

END | | end® U ST [ X[ X|X[X|X|X]|X[X|X|X]|X|0]1]|X|XK|X

EOS | | endof string®® | M | DD |E |E|E |E|E|E|E|E | X | X |X |0 |X|X|K]|X

GET | |{groupexecute 1| M| AC | Y| O |0 |0O|1 |00 |0 | X|X|X]|1|X|X]|K|X

trigger
GTL go tolocal M| AC Y|O[|O|O|O|O|O |21 | X|[X|X|1 | X|X|X|X
IDY identify U | uc XX X[ X[ X[ X[ X[ X|X|X|X|X[|1]|X]|X]|X
IFC interface clear U | uc XX X[ X[ X X[ X[ X|X|X|X|IX[X]|X]1]|X

LAG |listenaddress | M| AD | Y |0 |1 | X | X | X | X | X[X|X|X]1|X|X]|X]|X
group

LLO | localockout | M| UC | Y|O|O |1 0|0 |0 |1 | X|X|X|1 | X|X]|X|X
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Table 44—Remote message coding (continued)

M Bus Signal Line(s) and Coding That Assertsthe True Value of the

e M essage

! b
M essage y

m

i Name p| 2D o RIDIAlE S| 1R

e 7|16|5|4)|3]|2 A TIO|R|F|E

n S 0] 0] Vv F|A N I o Cc|N

i 8 1 D|C

c

MLA Fy-HSter pM—AD N—1—— %%
address” 5 43|21

MTA my talk M | AD Y| 1|0 | T | T[T |T|T|X|X|X]|1] X)X K
address® 514321

MSA mysec?ndary M | SE Y| 1|1 |S|S|S|S|S|X|X|X{17X]|X|K
address 5143 |2 1

NUL null byte M | DD 0|0 |0 |0 |0 |0 |0 |0 | X|(X| X|X|X|X]|K

OSA other M | SE (OSA =SCG A MSA)
secondary
address

OTA | | other talk M | AD | (OTA =TAGA MTA)
address

PCG primary M| - (PCG=ACGv UCGvV LAGv TAG)
command
group

PPC paralel poll M| AC Y o9 (0|01 |0 |1 | X | X | X|1]|X|X]|K
configure

PPE parallel poll M| SE Y4112 |0|S|{P|P|P | X|X|X|1]|X]|X K
enable? 3121

PPD paralel poll M . SE Y| 1|11 D DD DI X|X|X|1]X]|X K
disable 43|21

PPR1 parallel poll u| st XX X[ X[ X[ X[ X|1 | X X|X|1]1]X K
response 1

PPR2 paralel poll u| st XX X[ X[ X | X]1 | X| X X|X[|1]1]X K
response 2'

PPR3 pnrnllnl pn!l I ST X X X X X 1 X X X X X 1 1 X
response 3'

PPR4 paralel poll u| st XX X[ X1 | X[ X | X| X/ X|X|1]1)]X]|X
response 4'

PPR5 paralel poll u| st XX X1 | X[ X | X|X|X|X|X|1]|1)]X]|X
response 5'

PPR6 paralel poll u| st XIX|I1T | X[ X[ X[ X | X| X/ X|X[|1]|1)]|X]|X
response 6'
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Table 44—Remote message coding (continued)

M Bus Signal Line(s) and Coding That Assertsthe True Value of the

e M essage

: e
M essage y

m

i Name p| 2D o RIDIAlE S| 1R

e 716|514 3)|2 A T|O|R|FI|E

f 5|0 Olv FIAIN| T Qlc|N

i 8 1 D|C

c

PPRY7 ——perettet-pet R L L X
response 7'

PPR8 paralel poll U | ST 1 | X[ X[ X | X[ X[ X[ X|X|X|X]|1 X K | X
response 8'

PPU paralel poll M | UC Y| 00|10 /|1 0 1 | X | X | X1 X | X K | X

unconfigure

REN [ | remoteenable | U | UC | X | X | X [ X [ X | X | X [ X | X (X | X | X | X | X |K|1

RFD | | readyfordata | U | HS | X | X [ X | X | X | X | X | X &KX+ 0 | X | X | X | X | K| X

RQS | | request . U|ST | X1 [ X | X| X[ X | XX|X|X|X]|]O0|X|X]|K]|X
serviced!

SCG | | secondary M| SE | Y |1 |1 | X | XdXMMX| X[ X[ X|X|]1]|X|X]|K]|X
command
group

SDC | | selected MIAC | Y|O|O OO0 |21 |0 |0 | X[X|X|]1|X|X|KI|X
device clear

SPD | | serid poll MjlUC |[Y|]40 |21 |2 0|0 |1 | X|[X|X|]1|X|X|K]|X
disable

SPE | | serid poll MJUC\JY|O|]O|2 |2 0|00 |X[X|X|1|X|X|KI|X
enable

SRQ | | servicerequest LU J ST | X | X | X [ X | X | X | X | X | X | X | X[ X | X |1 ]|K]|X

STB | | status byte%d M| ST |S|X|S|S|S|S|S|S|X|X|X|0o]|X|X|K]|Xx

TCT | | takécontrol | M| AC |[Y|O|O|O |1 |0 |0 |1 | X|X|X|]1 | X|X|K|X

TAG | Nk address MIAD | Y |1 |0 |X|X|X|X|X|X|X]|X|1|X|X|K|X

group
UCG | universa MJUC |[Y|]O|O |1 | X | X | X|X|X[X|X]|]1|X|X|X]|X
command
group
UNL | unlisten M|AD | Y|O |21 |2 |2 21/ 1 1 | X[X|X|]1|X|X|X]|X
UNTuntalkk MIAD |Y|1 |0 |2 |2 21 1 1 | X[X|X|]1|X|X|X]|X

NIC noninterlocked | U | HS [ X | X [ X | X [ X | X | X | X | X |1 | X | X | X | X | X]|X
capabl
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Table 44—Remote message coding (continued)

M Bus Signal Line(s) and Coding That Assertsthe True Value of the
e M essage
z B
M essage y
m Name pz? ?DESAESIR
e 7|16|5|4]3]|2 A T|O|R|F|E
A s |0 Olv FIAIN T]Q c|N
i 8 1 D|C
c
CFE rnnfigl Ta=) M LIC Y a) a) 1 1 1 1 1 X X X 1 X X X
enable
CFGn || configuren MISE | Y]1T |1 |O|N|N| NN X X|X|1|XIX|A| X
meters™ 413121
TABLE NOTES:
8D1-D8 ppecify the device-dependent data bits.
bThe soyrce of the message on the ATN lineis always the C function, whereas the messages on the DIO and EQ| lines
are engpled by the T function.
CE1-E8 gpecify the device-dependent code used to indicate the EOS message.
dL_1-L 5 §pecify the device-dependent bits of the device's listen address.
©T1-T5 gpecify the device-dependent bits of the device's talk address.
fs1-s5 specify the device-dependent bits of the device' s secondary address.
9S specifices the sense of the PPR.
S Response
0 0
1 1
P1-P3 $pecify the PPR message to be sent when a parallé poll is executed.
P3 P2 P1 PPR Message
0 0 0 PPR1
1 1 1 BPR8
PD1-D4specify don’t-carebits that shall not be decoded by the receiving device. It is recommended that all zerges be
_sent.
"The soufce of the messages on the ATN and EOI lines is always the C function, whereas the source of the messages on
_the DIQ lines is-aways the PP function.
IS1-35, $8 spécify the device-dependent status. (D107 is used for the RQS message.)
KThis code i provided for system use; see 8.3.
IThe N1 C-raes

by the SHE functlon and the RFD mmge is sent by theAH or AHEfunctlon
specify the particular CFGn message (CFG1, CFG2, . . . CFG15). For example, Y 1101001 corresponds to

MN4-N1
CFGO.

4.13.7 I1ISO code representation: message coding guidelines

Many devices use the ISO-7 bit code (or the equivalent code in ANSI X3.4-1986, American National

Standard Code for Information Interchange) because it is convenient to both generate and interpret this code.
The relationships between the 1SO code and the messages (binary bit patterns) defined and described in this
standard are identified in this clause.
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4.13.7.1 Interface messages

The interface system uses message coding as defined in Table 44 to carry interface messages among devices
when the ATN message is true. This coding may be correlated to the 1SO code by relating DIO1 through
DIO7 to bits 1 through 7, respectively. The ISO code does not contain the equivalent of the dedicated ATN
message (bit or line).

When the interface system defined in this standard is interconnected, via a terminal unit, to other
environments, then protocol beyond the scope of this standard shall be used to enable proper communication
and avoid possible contradictions with other assigned meanings for the | SO code.

4.13.7:2-Bevice-tependentmessages
The specific coding of device-dependent messages is beyond the scope of this standard. Aftet atalker and
listener(s) have been addressed via interface messages, any commonly understood binary, BCD, or
a phanumeric code may be used when the ATN message is fase.
a) | The alphanumeric codes (dense subset of the ISO code, columns 2 through 5) are preferfed for
communication of the device-dependent messages wherever possible. Bit"1 through bit 7 of the SO
code corresponds to DIO1-DIO7.
b) | When other codes are used (for example, binary), the most significant bit should be placed|on the
DIO linethat has the highest number (for example, DIO8 for bit'8).
The |0 codeis further illustrated in Annex E as it correlates with.the codes of this standard.
4.13.8 State transition timing values

The T,j and t, valueslisted in Clause 4 throughout the interface function descriptions and state diagrgms are
defineqlin 5.8.

4.14 Configuration (CF) interfacefunction
4.14.1| General description

The Configuration InterfaceEunction provides a device with the capability to record system configpration
informgation sent by the controller.
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4.14.2 CF function state diagrams

The CF function shall be implemented so as to perform according to the state diagram given in Figure
and the state descriptions given throughoutlZElTablespecifies the set of messages and states required

—-87—

to effect transition from one active state to another.

ACDS A CFE
) )

ACDS A PCG A ~CFE

pon V (ACDS A CFE)

NCAS A ACDS A CFG1

NCAS. ACDS CEG2 £02S

NCAS A ACDS A CFG3

NCAS A ACDS A CFG4

NCAS A ACDS A CF@5

NCAS A ACRS{\ CFG6

NCAS N\ ACDS A CFG7

NCAS A ACDS A CFG8

NCAS A ACDS A CFG9

NCAS AACDS A CFG10

NCAS A ACDS A CFG11

NCAS AACDS A CFG12

NCAS AACDS A CFG13

NCAS AACDS A CFG14

NCAS A ACDS A CFG15

B0CEEB0CO0NCON0H

Figure 17—CF state diagram

4.14.3 CF function state descriptions

NOTE—In the following descriptions, CFGn refers to any one of the following remote messages: CFG1, CFG2, CFG3,
CFG4, CFG5, CFG6, CFG7, CFG8, CFG9, CFG10, CFG11, CFG12, CFG13, CFG14, or CFG15. CnSrefers to any one
of the following states: C0O1S, C02S, C03S, C04S, C05S, CO6S, CO7S, C08S, C09S, C10S, C11S, C12S, C13S, C14S,

C15s.
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M essages Interface States
Mnemonic Definition Mnemonic Definition
pon power on NCIS noninterlocked configuration idle state
NCAS noninterlocked configuration active state
CFE configure enable CNCs configure not configured state
PCG primary command group Co1s configure active state 1
CFG1 configure 1 meter C02s configure active state 2
CFG2 configure 2 meters C03s configure active state 3
CFG3 configure 3 meters co4s configure active state’4
CFG4 configure 4 meters C05S configure active state 5
CFG5 configure 5 meters C06S configute active state 6
CFG6 configure 6 meters Co7s configure active state 7
CFG7 configure 7 meters C08s configure active state 8
CFG8 configure 8 meters C09S configure active state 9
CFG9 configure 9 meters C10Ss configure active state 10
CFG10 configure 10 meters Cl1s configure active state 11
CFG11 configure 11 meters Cl12s configure active state 12
CFG12 configure 12 meters C13s configure active state 13
CFG13 configure 13 meters Cl4s configure active state 14
CFG14 configure 14 meters C15s configure active state 15
CFG15 configure 15 meters ACDS accept data state (AH function)
4.14.3-1Noninterloeked-configuration-icle-state-(NCIS)

In NCIS, the CF function shall ignore any CFGn message received over the interface. The CF function
powerson in NCIS.

The NCI'S does not provide a remote message-sending capability.

The CF function shall exit NCIS and enter NCAS if the configuration enable (CFE) message is true and the

ACDSisactive.
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4.14.3.2 Noninterlocked configuration active state (NCAS)

In NCAS, the CF function is capable of recording system configuration information sent by the controller. If
a CFGn message is received, the appropriate CnS becomes active. For example, if the CFG15 message is
received, the C15S becomes active.

The NCAS does not provide a remote message-sending capability.

The CF function shall exit NCAS and enter NCIS if a PCG message is true, the CFE message is false, and
the ACDS s active.

4143
InCN
The C
The C
The C
active,

CFGn
on) to

4.14.3.4 Configure active state 1 (C01S)

In CO1S, the controller has communicated to the CF function that the system contains no more than ]

of cabl

The C(1S does not provide a remote message-sending capability.

The Cl

a)
b)

c)

r3-Configtire not-configtred-state (ENES)
CS, the device is not configured to participate in noninterlocked handshake cycles.
NCS does not provide a remote message-sending capability.

- function powerson in CNCS.

- function shall exit CNCS and enter CnSif the configure n meters (€RGn) message is true, N

and ACDS is active. NOTE: The CF function exits CNCS only if the controller sends an ¢
message. It isa REQUIREMENT that al noninterlocked handshake mode features default (
Hi sabled until an explicit CFGn command is issued.

le.

- function shall exit CO1S and enter

The CNCSif the ACDS isactive and the CFE message istrue, or
The C02Siif

1) TheNCASisactive

2) Andthe ACDSAs active

3) Andthe GFG2 messageistrue

TheCnS(when3 <n <15)if

1) TheNCASisactive

2) _Andthe ACDSisactive

3),“And the CFGn message is true

CASis
explicit
DOWe-

L meter

4.14.3.5 Configure active state n (CnS), 2 <n <15

NOTE—The C02S, C03S, C04S, C05S, CO6S, CO7S, C08S, C09S, C10S, C11S, C12S, C13S, C14S, and C15S states
are described concurrently in this section due to extensive similarities among them.

In CnS, the controller has communicated to the CF function that the system contains no more than n meters

of cabl

e.

The CnS does not provide a remote message-sending capability.

The CF function shall exit CnS and enter
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a) TheCNCSif the ACDSisactive and the CFE message istrue, or

b) TheCO01Sif

The NCASisactive

And the ACDS s active

And the CFG1 message is true

1)
2)
3)

¢) TheCmS(when2 < m <15andn=# m) if

1)
2)
3)

The NCASisactive
And the ACDS s active
And the CFGm message istrue

4.14.4 CF interface function-allowable subsets

IEC 60488-1:2004(E)

IEEE 488.1-2003(E)

The orly allowable subsets to the CF interface function shall be those listed in Table 46.

Table 46—Allowable subsets to the CF interface function

A - States Other Other Function
| dentification Description Omitted Requirements Subsets Required
CFO no capability al none none
CF1 complete capability | none none AHEL, SHE1
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5. Electrical specifications

5.1 Application
This section defines the el ectrical specifications for interface systemsto be used in environments where

a) Physical distance between devicesis short
b) Electrical noiseisrelatively low

All electrical specifications for the driver and receiver circuits are based on the use of transistor transistor
logic (LIL) technology

NOTES$—Interface function circuitry connected to the drivers or receivers may be implemented in other device fechnol-
ogies af the designer’s choice.

Driver and receiver devices need only be used on those signal lines required for the interface functiens i mplemented (see
5.5.1 fdr termination requirements).

Either gpen collector of three-state drivers may be used as determined by data rate consi dérations of 5.3 and 7.2.

5.2 Logical and electrical state relationships

The rejationship between the logical states defined in Table 47, Remote Message Coding, and the eléctrical
state Igvels present on the signal linesis asfollows.

Table 47—Logical and elecfrical state relationships

Cading Electrical
Logical State Signal Levels

0 correspondsto > + 2.0V,
called high state

1 correspondsto< + 0.8V,
called low state

The high and low‘ states are based on standard TTL levels for which the power source does not pxceed
+ 5.25|V dc and'\isreferenced to logic ground.

This sgctionindicates current flow into a node with a positive sign and current flow out of a node|with a
negatiwe-sigh-

5.3 Driver requirements

Messages may be sent in either an active or passive manner over the interface (see 4.1.4). All passive true
message transfer occursin the high state and shall be carried on a signal line using open collector drivers.

5.3.1 Driver types

Open collector drivers shall be used to drive the SRQ, NRFD, and NDAC signal lines.
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Open collector drivers or three-state drivers may be used to drive DIO 1-8, DAV, IFC, ATN, REN, and EOI
signal lines with this exception: DIO1-8 shall use open collector drivers for parallel polling applications
(see 4.9.3.3).

NOTE—Three-state drivers are useful for systems where higher speed operation is required.
It is recommended that a three-state driver be used within a controller to drive the ATN signal line if the
controller isintended to be used in a system in which other devices are implemented with three-state drivers

on the DIO, DAV, and EOI signal lines.

5.3.2 Driver specifications

The specifications for drivers shall be asfollows:
Low state: Output voltage (three-state or open collector drivers) < + 0.5V at + 48 mArsink ¢urrent
The driver shall be capable of sinking 48 mA continuously
High state: Output voltage (three-state) > + 2.4V at -5.2 mA
Output voltage (open collector) (see 5.5)

The inflicated voltage values are measured at the device connector between the signal line and logic ground.

See 5.%.3 for additional requirements that may apply to the driver.

5.4 Receiver requirements
5.4.1 Receiver specifications, allowed
The specification for receivers with nominal noise immunity shall be as follows:

Low state: Input voltage <+ 0.8V
High state: Input voltage> + 2.0V

See 5.%.3 for additional requirementsithat may apply to the receiver.
5.4.2 Receiver specifications, preferred

To prqvide added noise.immunity, the use of Schmitt-type receiver circuits (or equivaent) for alll signal
lines ig recommended. Fhe specifications for these receivers shall be as follows:

Hysteresis! Vi, —Vi_> + 04V
L ow stete: Negative going threshold voltage Vt neg > + 0.8V
High state: Positive going threshold voltage + 2.0 > V1t pos

Devices implementing the SHE or AHE functions are required to use Schmitt-type receiver circuits on all
signals.

5.5 Composite device load requirements
5.5.1 Resistive termination
Each signal line (whether or not it is connected to a driver or receiver) shall be terminated within the device

by aresistive load whose major purpose isto establish a steady-state voltage when al driverson aline arein
the high-impedance state. This load is aso used to maintain a uniform device impedance on the line and
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improve noise immunity. For specific requirements, see the last paragraph of 5.5.3, and for typical resistive
values, see 5.5.5.

5.5.2 Negative voltage clamping

Each signal line to which areceiver is connected shall be provided with meansto limit the negative voltage

excursions. Typicaly, this circuit element is a diode clamp contai ned within the receiver component.

5.5.3 DC load requirements

The dc load characteristics of a device are affected by the driver and receiver circuits as well as the resistive

termin
circuit
the res

Load
nected

Each 3
within

1)
2)
3)
4)
5)
6)
7)

If1 <OmA, Vshal be< 3.7V.
Ifl1 > 0mA, Vshal be> 25V.

;UI Al Id vu:tauc \.’:GI 1 I|JI "y \.;;I bu;to, thCl erI < thCy AT qJC\;IfICCII fUI thC CUI lpuo;tc dCV;\.’C ;I
5 and not for the individual components. This section, however, provides complete specificati
stive termination and voltage clamping circuits.

heasurement conditions assume that the receiver, driver, and resistive termination circuits al
together within the device with the driver in the high-impedance state.

igna line interface within a device shall have the following dc load_characteristics and sh
the unshaded area of Figure 18.

IfI > -12.0mA, V shall be> -1.5V (only if receiver/exists).

IfV <04V, I shdl be< -1.3mA.
IfV = 04V, Ishdl be> -3.2mA.
IfV <55V, 1 shal be< 25 mA.

IfV > 5.0V, shal be> 0.7 mA or thessmall-signal Z shall be< 2kQat 1 MHz.

Current Into Device

+2mA

R N VN NN =4 AUV IV INEVEVEVS | Vi | S SRR

Load Line
(Typical circuit,
see 5.5.5)

Voltage on Signal Line

terface
bns for

e con-

all fall

@

-12mA -+

=]

Note—The slope of the dc load line should, in general,

correspond to a resistance not in excess of 3 kQ.

Figure 18—DC load boundary specification
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5.5.4 Capacity load limit
Theinternal capacitance load on each signal line shall not exceed 100 pF within each device (see 7.2).

NOTE—The effect of device capacitance on bus operations is most critical at low voltages. Asthe design of driver and
receiver circuits may contribute capacitive loads that vary with voltage, the capacitance should be measured at severa
voltage levels, all below 2 V, with the device powered on.

5.5.5 Typical circuit configuration

Figure 19 shows a typical circuit configuration for signal line input-output circuits for which readily
available components exist. This basic circuit is compatible with both TTL microcircuit and discrete
element devices. The specifications for this typical configuration are as follows:

RLl: 3kQ+ 5% (tO VCC)

R 2: 6.2 kQ + 5% (to ground)
Driver] Output leakage current (open collector driver) +0.25 mA max at V, = +5.25 \‘Output |eakage
current (three-state driver) + 40 pA max at Vo= +2.4V
Receivier:Input current

-1.6 MA max at V, = +0.4V

Input leakage current

+40 pA max at Vo = +2.4V

+1.0mA max at Vo =525V

Ve +5V £ 5%

Only & single driver and receiver may be connected to each signal line in the typica configurgion of
Figurel19. Other configurations may exist in which this restriction does not hold, provided the composite
devicelload specifications of 5.5.3 are met.

Bus Driver

Receiver

1 = Internal capacitance (cabling and transceivers) as defined
by 5.5.4 and measured according to 5.7.2 for voltage
values from O to 5 V.

2 = Typically contained within receiver component.

Figure 19—Typical signal line input-output
circuit

5.6 Ground requirements

The overall shield of the interconnecting cable shall be connected through one contact of the connector to
frame (safety earth) to minimize susceptibility to and generation of external noise.

[ Published by IEC under licence from IEEE. © 2003 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=422ccb87061a22926c0f01d20d1995cf

IEC 60488-1:2004(E) 95—
IEEE 488.1-2003(E)

WARNING—Devices should not be operated at significantly different frame potentias. The interface connection

system

may not be capable of handling excessive ground currents.

It is recommended that the ground returns of the individua control and status signal lines be connected to

logicg

round at the logic circuit driver or receiver to minimize cross-talk interference transients.

5.7 Cable characteristics

5.7.1 Conductor requirements

The maximum resistance for the cable conductors shall be, per meter of length

a)
b)
<)
d)
5.7.2

The c4
shall b

Them
and sh

The sh

Theca
thesig

a)
b)

<)

d)

5.8S

Each signal line (for example, DIO1, ATN) 0.14 Q
Each individual signal line ground return 0.14 Q
Common logic ground return 0.085 Q

Overall shield 0.0085 Q

Cable construction

e used for logic ground returns and overall shield.

eld) connected to ground shall be 150 pF per meter.
eld shall contain abraid of 36 AWG wire or equivalent with at least 85% coverage.

ble shall be constructed to minimize the effectS'of cross talk between signal lines, the susceptih
nal lines to external noise, and the transmission of interface signalsto the external environmen

Each of thesigna linesDAV, NREDy NDAC, IFC, ATN, EOI, REN, and SRQ shall be twist
one of the logic ground wires or.isolated using an equivalent scheme to minimize cross talk.
The cable shall contain an overall shield carried through the cable assembly and connectors
ends to be returned to earth.ground.

A cable construction in which twisted pairs contained in the core of the cable and the ind
DIO lines contained~around the periphery of this core has been found satisfactory, as has b
use of twisted pair;conductors for all 16 signal lines where each signal line is twisted with a
conductor.

Alternativély, any other internal cable construction that yields the same results may be used.

ate'transition timing values

ble should contain at least 24 conductors, of which 16 shall be used for'signal lines and the lpalance

bXimum capacitance measured (at 1 kHz) between any signakline and all other lines (signals, giounds,

ility of
.

ed with
At both
vidual

ben the
h earth

To ensure maximum possible compatibility among interconnected devices, Table 48 states the mandatory
time relationships between critical signal inputs and outputs to a specific device.

The Ty, Tg— Tg time values allow for the normal propagation delays of the transmission path and the circuit

delays

within other devices.

They are measured from the time the source output driver is seen to start its transition as viewed from its
associated connector. It is further recommended that, for the minimum values of T,, Tg— Ty, the high-state
driver voltage not be degraded, cable resistance and capacitance be kept as low as possible, and crosstak be

kept at

aminimum vaue.
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Table 48—Time values

Time
Value Function
Identifier® (appliesto) Description Value
Ty SH, SHE setting time for multiline messages > 2 usb
ty SH, SHE, AH, AHE, T, L, | response to interface messages or state <200 ns
LE, TE transitions
T3 AH, AHE interface message accept time® > o
ts T,TE L,LE,C RL response to IFC or REN false < 100 us
ts PP responseto ATN A EOI <200 ns
Te C parallel poll execution time > 2us
T7 C controller delay to allow current talker tosee  |> 500/ns
ATN message
Tg C length of IFC or REN false 5,200 us
To C delay for EOI® > 1.5 ud
Tio C Delay for DAV >1.5us
Ty SHE settling time for assertion of RFD nlessages > 750 ns
T1o SHE hold time for noninterlocked-capable multiline | > 500 ns
messages
Ti3 SHE settling time for multiline messages 9
Tia SHE hold time for multiliné messages hi
Tig SHE, AHE response of NRED to ATN unasserting > 1us
T17 AHE waiting tine for the source or extended source | > 750 ns
function.to stop non-interlock handshake
cycles
Tis AHE DAV settling time j
ti9 AHE DAYV response time k
8Time|val ues specified by alower_case t indicate the maximum time allowed to make a state transition. Time \alues
specified by an upper case T ifidicate the minimum time that afunction shall remain in a state before exiting.
Bif three-state drivers are sued on the DIO, DAV, and EOI lines, T1 may be:
(1) =[1100 ns
(2) Or = 700 nsif itds\known that within the controller ATN is driver by athree-state driver, however this vdue is
not r¢gcommended:
(3) Or > 500 nsfor all subsequent bytesfollowing the first sent after each falsetransition of ATN [the first bytg shall
be sent in aceordance with (1) or (2)]
(4) Oy 2,350ins for dl subsequent bytes following the first sent after each false transition of ATN under condjtions
specifieddn 7.2.3
Time fegtirec-for-+

9 mplementation dependent.

®Delay required for EOl, NDAC, and NRFD signal lines to indicate valid stares.

f> 600 nsfor three-state drivers.

9The source must guarantee that all acceptors will see the DIO lines stable and valid for at least 10 ns before the
assertion edge of DAV. After entering STRS, the SHE function shall not reenter STRS to source another byte for at
least 125 ns. See Table 49 for T3 times for drivers meeting the requirements of 5.3.2.

PThe source must guarantee that all acceptorswill seethe DIO lines stable and valid for at least 10 nsafter the assertion

_edge of DAV. See Table 49 for T14 times for drivers meeting the requirements of 5.3.2.

"I either the END or EOS message istrue, Ty, shall be> 750 ns. Thisrequirement allowsthe listener(s) to accept END

_or an EOS byte using the interlocked handshake.

1T,g and 19 depend on the total length of cable in the system. Refer to Table 50.

KSee footnotei.
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Table 49—T13 and T14 delay times

Total Cable Length (M) T13 T14
M<1m 80 ns 33ns
Im< M<2m 120 ns 50 ns
2m < M <3m 151 ns 69 ns
3m<M<5m 211ns 105 ns
5m <M <10m 294 ns 216 ns
10m <M <15m 344 ns 336 ns

Table 50—T18 and t19 delay times

Total Cable Length (M) T18 t19
M <3m 10ns 25ns
3m <M <£7m 250s 40 ns
7m<M <15m 40 ns 75ns
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6. Mechanical specifications

6.1 Application
This section defines the mechanical specification for interface systemsto be used in environments where
a) Physical distances between devices are limited

b)  Star or linear bus interconnection networks are useful
¢) Connector mounting spaceislimited

6.2 Cpnnector type

A quality connector of the rack and panel type with proven performance shall be usedcthat hag these
minimpm characteristics.

6.2.1 Electrical considerations

Voltage rating: 200 V

Current rating: (at T = 25° C) 5 A per contact
Contact resistance: (at 10 mA) < 20 mQ
Insulation resistance: > 1 GQ

Test Voltage: (1 min, 20° C) 500 V

Capacitance: (between contacts at 1 kHz) < 1.5 pF
Endurance: (with 1 A and 70° C) > 1000 h

6.2.2 Mechanical considerations

Number of contacts: 24

Contact surface: (self-wiping) 2.16 mm

Polarization: (shell shape) trapezoidal

Shell materia: corrosion resistant, conductive

Retention force per contact.>\0:15 N

Typicd insertion and withdrawal force (F): 8N <F <89N
Endurance: (for specified contact resistance) > 500 insertions
Clearance between‘adjacent contacts: > 0.5 mm

Solderability (if @plicable): nominal 235° C, 2 s

Typical externahdimensions (see 6.4 for additiona dimensions):

A 46.8 mm 46.8 mm 1= 15.5 mm —
B 15.5umm i 246 mm : i 429mm |
C 2:16mm | Fﬂﬂk 5 PO

o|[o] [0 1 1
D(4,29 mm B pBe .

| E-3.33-mm == —

...... 0 0
H ! Plug
1 ! Assembly
'
il ] [ T
/ 1 1
Receptacle [N
Assembly 3.33mm
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6.2.3 Environmental considerations

Basic environmental performance relative to temperature, humidity, and vibration criteria should be deter-
mined in accordance with IEC 60068-2 for climatic category 25/070/21 or MIL STD 202F (1986), where

appropriate.

6.3 Connector contact assignments

A contact assignment of the cable connector and the device connector shall be as follows in Table 51:

Table 51—Connector contact assignments
Contact Signal Line

1 DIO1
2 DIO2
3 DIO3
4 DIO4
5 EOI (24)
6 DAV
7 NRFD
8 NDAC
9 IFC
10 SRQ
11 ATN
12 SHIELD
13 DIO5
14 DIO6
15 DIO7
16 DIO8
17 REN (24)
18 Gnd. (6)
19 Gnd. (7)
20 Gnd. (8)
21 Gnd. (9)
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Table 51—Connector contact assignments (continued)

Contact Signal Line
22 Gnd. (10)
23 Gnd. (11)
24 Gnd. LOGIC

6.4 Dpvice connector mounting

Each device shall be provided with a receptacle type connector having the typical dithensions shpwn in
Figure] 20. The two rows of 12 contacts each are centered within the trapezoidal.'shell. The compnector
mounting shall make provisionsto accept the locking screws of the cable assemigly:

Contact 12 Contact 1
/ Receptacle

7 - 7
AN\ Y___ 7 7
( b N 35mm iyp A ‘@) $11.94mm
N/ NN TITITTT A t typ

' - - ;4—:
1.14 mm  2.16.mm,
typ tyo |

~a—28:40 mm typ—

~4——=36.12 mm typ—»

Figure 20—Receptacle dimensions

The prEferred orientation of the econnector, as mounted on a device and viewed from the rear of the dgvicein
its norlnal operating position,is with contact 1 in the upper right-hand corner. The connector location|should
alow flor sufficient cable-elearance as shown in Figure 21.

The cgnnector may‘be mounted on either the outside or inside of the panel for which the typica panel| cutout
dimensions aregiven in Figure 21.

l—————— 46.8+ 0.5 MM ——»!

~—— 36 mm outsige mount —,
1 40.6 mm inside mount 1
_________ U

——p———4--

| ®

typ * \
4.75 mm diameter (inside mount) or
adequate for thread clearance
(outside mount)

Figure 21—Connector panel cutout
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The connector shall be attached to the device with one of the stud mount standoffs shown in Figure 22, as
determined by the panel mounting method used.

Outside Panel Mount Stud Mount Standoff
Counterbore 4 mm diameter,

* 2 mm deep, typical
" ---------------- 4 y Drill 7.6 mm deep maximum, thread @
il 8.1+02mm(2)
i '

————————— 1 (~~________1_ — +=—7 mm typical (hex) or
8 mm typical (round) @

} . . 6.5 mm (outside mount)
8.6 mm (outside mount) 4.9 mm (inside mount)
8.3 mm (in?ide mount) -
trsideParet oot y
@ 15 mm typical Y L

4.2 mm (outside mount)

[TTrTT1T1 Lo 4.7 mm (inside mount)

1 Split lock washer, 1.2 mm typical thickness

2 Typical dimension, determined by panel and lock washer thickness, connector housing

3 SO metric thread M3.5 x 0.6 or equivalent Optimum Metric Fastener System (OMFS) thread 3(5PQ.6
4 Thread size designers choice (does not affect compatibility)

5 Care must be taken to allow clearance for mating shell connector

Figure 22—Mounting dimensions

6.5 Cpble assembly

The cdble assembly shall be provided with both aiplug and a receptacle connector type at each end of the
cable. [The preferred method of assembling the-Stacked connectors contains a rigid structure (assures a
reliable and positive connection of multipleeable assemblies) as shown in Figure 23.

Each ¢onnector assembly shall be fitted with a pair of captive locking screws. Each lock screw shall
conforfn to the mechanical dimension shown in Figure 23. A retaining ring, or equivalent, shall be tised to
retain fhe lock screw as a captive element.

8 mm typieal

Counterbore 4 mm diameter, f
2 mm deep, typical 7.9+0.2mm
Thread 6.8 mm deep@ {

27+02 mm@

31.5+0.2 mm@

— [=— 2.39+0.08 mm

Thread @

1 1SO metric thread M3.5x0.6 or equivalent O.M.FS thread 3.5P0.6
2 Length is function of housing dimension

Figure 23—Lock screw
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It is recommended that each pair of connectors, assembled according to the first paragraph of 6.5, be
partially enclosed within a suitable housing as shown in Figure 24.

Receptacle

Cable Housing

=il a [ B4

At

T
Panel Mount Clearance Area

1 |lel=e

1 All measurements are typical
2 Length of lock screw is a function of this dimfepsion

Ns
N

Figure 24—Cable connector housing

Individual cable assemblies may be of any length up to 4 m.

The hq
see An

using may be plastic or metallic material, and.the'latter is preferred for superior EMC perfor
nex K for additional information on appropriate’means for screening the complete cable asseni

mance;
bly.
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stem applications and guidelines for the designer

7.1 System compatibility

This interface system offers a wide range of capability from which to choose the appropriate interface
functions to fit different applications. Within most interface functions, a number of options are available. In
addition, the designer has freedom to select all of the device-dependent capabilities contained within the

device

functions.

It is the responsibility of the designer to define the complete capability of a device (interface system choices

and re

ated dp\/irp-dpppndpnt intprar‘tinnq) sn that the end iser of the device can effici pnﬂy interfa

e and

progral

Selecti
signal

a)
b)
<)

In order to provide system compatibility, a designer shall not introduce new interface functions

those g

72D

Desigr
relatio
these @
7.2.1

Thein
equiva

7.2.2

Thein
an equ

7.2.3

Three-state drivers-data rates

M the device for appropriate system applications.

on of a minimum set of interface functions from Clause 4 leads to the following minimuni
inesin order to be system compatible:

DIO 1-7

DAV, NRFD, NDAC
IFC and ATN (unnecessary in systems without a controller)

esigned in Clause 4.

ata rate consideration

ers of devices intended to communicate over. the/interface system bus are advised to cons
ifferent levels of performance. The followihg statements are intended as guidance.

Dpen collector drivers data rates

erface bus will operate at distanees up to 20 m, at a maximum of 250 000 bytes per second,
ent standard load for each 2.m of cable using 48 mA open collector drivers.

erface bus will ‘@lso operate at distances up to 20 m at a maximum of 500 000 bytes per secon
valent standard load for each 2 m of cable using 48 mA three-state drivers.

Higher 'speed operation

set of

beyond

Her the

nships between various levels of system performance and the specific device circuits used to provide

vith an

d, with

To ac

lavva the mavimum-naossible data transfar ratio (nnminnlly ||p 101000000 If\yfnc pnr cn(\r\nd) \
reve-the-feHRHHRP P+He-Gata-HaRlsS-eHat HoHaH-HPto—- P ¥ 1Y

ithin a

system, the following guidelines should be observed:

All devices expected to talk at higher rates should use a minimum T, value of 350 ns.
All devices expected to operate at higher rates should use 48 mA three-state drivers.

The device capacitance on each lead (REN and IFC excepted) should be less than 50 pF per device.
In a system configuration, the total device capacitance should be no more than 50 pF for each

Interconnecting cable links should be as short as possible up to a maximum of 15 m total len

a)
b)
c)
equivalent resistive load in the system.
d) All the devicesin the system should be powered on.
e)
system with at least one equivalent load for each meter of cable.
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WARNING—Any time a device following condition &) is placed in a system, even if higher speed operation is not
intended, there may be data transfer errors if conditions b) through €) are not met for that system.

NOTE—Deviceswith a T, value of lessthan 500 ns, device capacitance of 50 pF, or having multiple resistive |oads shall
be so marked, as acceptable variants. Multiple resistive powered loads, beyond one per signal line per device, can be
added up to amaximum of 15 loads per signal line per system. Multiple loads can be used, with caLtion, to improve the
device to cable-length ratio (up to 15 m maximum).

Actua maximum data rates may be more a function of device-dependent time delays than the cable characteristics or
timing values of 5.8.

See 5.5.4 for warning of adverse effects of variable capacitive loading.

Use of flata byte buffer store within the device may be advantageous.

7.2.4 Data rate considerations

If the $HE and AHE functions are used to transfer data with noninterlocked handshake Cycles, all guipelines
of 7.2.8 shall be followed.

7.3 Dpvice capabilities
7.3.1 Busy function

In systiem operation, it is useful to either program a device or initiate some operation within a device and
then pfoceed to communicate with other devices (while the\first device is busy carrying out the réquired
task). The busy (operation being completed) function is adevice state and not an interface state. In drder to
permit|interface bus communication independent of thedausy condition of a device, three possible nmethods
are avdilable:

a) | SRQ and serial poll
b) | Pardlel poll
¢) | NFRD hold

Both the serial poll and parallel poll methods are described in Clause 4.
7.3.2 NRFD hold
The NRFD signal lineymay be gated to incorporate the busy function.

In so dloing, the'NRFD signal (or RFD message) changes its definition to include more than the pormal
"ready[for thesnext data byte" meaning. Theinternal busy signal is gated to the NRFD signal line throligh the
AH or|AHE.function. In this manner, the device may be unaddressed as listener during a “busy cycle’ and
the intgrface bus may be used for other purposes. When readdressed as a listener, the device will indifateits
internal busy status to the interface. The device indicates “busy” be setting NRFD to 1 and indicates
“operation complete” by setting NRFD to 0.

CAUTION—If NRFD hold is used for the busy function where a device may not recover or may never reach the
nonbusy condition, then another listen address (always accessible) should be available to clear the potentia hang-up
condition.
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7.3.3 RL applications

The designer is free to implement within a device, whatever programmabl e device functions are appropriate
for a particular device application(s). The designer is not free to remotely program the local control
functions that interact directly with the interface functions, as specified throughout Clause 4.

To implement a programmable device capable of being either remotely or locally controlled may require the
in Figure 25. This figure is not meant to imply a
comprehensive set of switching techniques, switching locations, or switched message contents.

switching of some or all of the typical controls illustrated

ACDS A CFE

pon —{ NCIS NCAS

ACDS A PCG A ~CFE

pon V (ACDS A CFE) CNCS

NCAS A ACDS A CFG1

NCAS A ACDS A CFG2

NCAS A ACDS A CFG3

NCAS A ACDS A CFG4

NCAS A ACDS A CFG5

NCAS /N A€DS A\ CFGé

NEAS A ACDS A CFG7

NCAS A ACDS A CFG8

NCAS A ACDS A CFG9

NCAS A ACDS A CFG10

DEOOODA RG]

NCAS A ACDS A CFG11 ——»=|

®

NCAS A ACDS A CFG12

NCAS AACDS A CFG13

NCAS AACDS A CFG14

NCAS A ACDS A CFG15

6000

Figure 25—Remote—local message paths

7.4 AND and OR logic operations

The message sent by one interface function is not necessarily the same message received by another inter-
face function (irrespective of time differences due to transmission characteristics of the signal lines), in case

of three messages as used in the SH, SHE, AH, AHE, and
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The RFD (or DAC) message received (by an SH function) shall be the logic AND of all R
DAC) messages sent (by all AH or AHE functions).

FD (or

The SRQ message received (by a controller) shall be the logic OR of all SRQ messages sent (by the

SR functions).

NOTE—The DAV message received (by all AH or AHE functions) shall be the DAV message sent (by one and only one
SH function).

7.4.1 RFD and DAC messages

The RFD (or DAC) message sent true (or false) by an AH or AHE function is performed by setting the

NRFD

(or NDACQ) signd line to 0 (high) or driving the NRFD (or NDAC) signal line to 1

(low),

respec

TheR
0 (high

TheR
1 (low

Thelo

7.4.2

The SH
or setti

The SH
which

The SH
0 (high

Thelo

ively.

D (or DAC) message received by an SH function is received true when the state of the signal
), which means that all RFD (or DAC) messages sent are sent passive true.

D (or DAC) message received by an SH function is received fal se when the state of the signal
, which means that one or more RFD (or DAC) messages sent are sent bistate false.

jical equivalent of these conditionsisillustrated as follows.

RFD value sent by Device A —— 8(

| RFD valuéveceived by Device C
(and all{other devices)

RFD value sent by Device B —

BRQ message

RQ message sent true or false by an SR function is performed by driving the SRQ signal lineto
ng the SRQ signal lineto 0 (high), respectively.

RQ message received by the C€function is received true when the state of the bus signal lineis 1
Imeans that one or more SRQ-functions have sent the SRQ message true.

RQ message received by a controller function is received false when the state of the bus signal
), which means thatiall SRQ functions have sent the SRQ message passive false.

jical equivalent of these conditionsisillustrated as follows.

SRQ value sent by Device A —

>|

| SRQ value received by Device C

lineis

lineis

L (low)

(low),

lineis

PR,
tC-funetony

SRQ value sent by Device B —

7.4.3 Circuit implementations

A typical circuit configuration with which the AND and OR functions on the respective bus signal lines can
be performed is that represented in one 5.5.5, Figure 19. The driver element shall be a bistate (open
collector) driver as represented in Figure 26.
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NRFD (or NDAC, or SRQ) Signal Line

+5V

+5V

+5V

Message
Sent

Message
Received

Message
Sent

Message
Received

Message
Sent

Message
Received

Device A

Device B

Device C

Figure 26—Bi-state signal line logic (open collector drivers)

NOTE+Whether or not invertors are used to convert the internal representation of the RFD_(or DA C) message
actual message sent on the bus signal lines depends on the internal assertion definition for true and fal se with re
the higlp- or low-voltage levels used internal to the device. The convention is determined by'the designer.

Typicd signals presented to the NRFD (or SRQ) interface bus signal lines\by devices A and B as de!
in 7.4.1 and 8.4.2 may be represented as shown in Figure 27. Only the composite signal line wavef]
at device C exists on the bus. The signal levels shown far{devices A and B exist only wit
' drivers and not on the bus signal line.

proc data). Care should be given to.minimize the use of such multiple addresses as later
configlrations may be restricted due to-€xcessive use of primary addressing capability.

7.6 Typical combinations of interface functions

The degsigner is free to sélect the particular interface functions required to meet specific device applig

nto the
spect to

scribed
orm as
hin the

bsks. It
ents. A
output
system

ations.

The sdlection of certain interface functions requires the inclusion of other interface functions as glefined

throughout the all éwabl e subclauses of Clause 4.

Table

b2 represents typical combinations of interface functions and does not imply that these are the only

combi Tations possible or useful.

[ Published by IEC under licence from IEEE. © 2003 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=422ccb87061a22926c0f01d20d1995cf

~108 — IEC 60488-1:2004(E)
|EEE 488.1-2003(E)

NRFD (or NDAC) Signal Line

H—  a— —t— Device A
(state of NRFD driver)
L— —
H— — Device B
/ (state of NRFD driver)
L—  —
H— NRFD Signal Line
(composite signal presented
L — to Device C's receiver)
H— Data on DIO Lines
___/ ____/ (shown for reference only)
L o—

SRQ Signal Line

H— — Device A
, (state of SRQ.driver)
L o—

Device B
(state of SRQ driver)
L —
H— — SRQ Signal Line
\ / (composite signal presented
L— to Device C's receiver)

(b)

Figure 27—Signal line“logic and timing relationships—
(a) NRFD (or NDAC) signal line; (b) SRQ signal line

Table 52—Typical combinations of interface functions

Typical Interface

Device Functions Used
Signal generator (only able to listen) AH or AHE, L, RL,
DT
Tape Reader (only ableto tak) SH or SHE, AH or
AHE, T

Digital voltmeter (able to talk and listen) SH or SHE, AH or
AHE, T, L, SR, RL,
PP,DC, DT

Calculator (ableto talk, listen, and control) | SH or SHE, AH or
AHE, T,L,C
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7.7 Unimplemented interface message handling

When the ATN message is true, a device should ignore all multiline messages that are inappropriate given
the current states of the implemented interface functions. A device shall handshake the inappropriate multi-
line message, but should not take further action, including recording an error, requesting service, or
interrupting the exchange of remote messages. Subsequent messages should be processed in the normal
manner. For example

a) If alistening device implements the DTO subset, the group execute trigger (GET) remote message
should be ignored by the device.

b) If the LE interface function isin LPIS and the PP interface function is in PUCS, the my secondary

address (vt SA) Temotemessageshoutd-begnored-by thedevice:

c) | If auniversal command group remote message that is not GTL, SDC, PPC, GET, orCT or an

addressed command group remote message that is not LLO, DCL, PPU, SPE, or SPD iS refeived,

the device should ignore the message.
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8. System requirements and guidelines for the user

8.1 System compatibility

Devices designed to this interface system may have a wide range of capability relative to their ability to
communicate over theinterface. This standard does not cover the operational characteristics of devices, only
the mechanical, electrical, and functional capabilities of the interface system.

The burden of responsibility for system compatibility at the operational level is on the user. The user shall be
familiar with al device characteristics interacting with the interface system (for example, device-dependent
program codes ql iyt data format and codes mr‘)

8.2 System installation requirements

Thisincludes system configuration restrictions.

8.2.1 Maximum number of devices

The méximum number of devices that can be connected together to form one interface system is 15.
8.2.2 Minimum system configurations

Anintérface system shall contain one or more devices containing’at’least one T function, one L functipn, and
one C function.

If dl of theT functions include the use of the ton message (talker types T1, T3, T5, T7, TEL, TE3, TE5, or

TE7), gnd all of the L functions include the lon message (listener typesL1, L3, LE1 or LE3), a systgm may

be operated without a C function when the ton and-lon messages are true. The lon and ton messages gre nor-

mally provided by local switches.

8.2.3 Pystem controllers

All sygtem configurations containing’more than one controller shall satisfy the following conditions:
a) | There shall not bermore than one C function in a system that is in the system control acti\je state

(SACS).

b) | Every contraller.in the system shall be able to pass and receive control of the interface.

8.2.4 Pevices powered off and on

brrwill operate W|thout adversely affectlng normal datatransfer with at least two- thlrds of the glevices

devices powered off do not degrade the speC|f|ed hlgh state condltlon that is, that the voltage on each signal
line with all its output drivers passive false should exceed +2.5 V with respect to the logic ground at each
device.

Unless specia precautions are taken (that is, use of specia driver circuits beyond the scope of this standard),
powering a device to on while the system is running may cause faulty operation.
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8.3 Address assignment

8.3.1 Primary talk addresses

A device that containsaT function or a TE function may be assigned any value for bits T1 through T5 of its
my talk address (M TA) message code other than:

T5 T4 T3 T2 T1
1 1 1 1 1
This cpde, defined as UNT, 1S provided as a Sysiems COnvenience, 10r the controller, 1o return al devices to

the talker idle state.

Two of more T functions (whether within the same or separate devices) shall not be assigned the samg value
for bit$ T1 through T5 of their MTA codes.

A devige that contains both a T and an L function may be assigned a talk address.such that T1 through T5 of
itsMTA code equals L1 through L5 of its MLA code.

ATE Eerface function shall not be assigned the same value for bits T1¢hrough T5 of its MTA codelas that
assigngd to a T function.

8.3.2 Primary listen addresses

A devife that contains an L function or an LE function may.be assigned any value for bits L1 through L5 of
its my listen address (MLA) code other than:

L5 L4 L3 L2 L1

1 1 1 1 1

Two or more L functions (usually-within separate devices) may be assigned the same value for bits L1
through L5 of their MLA codes.

A devige that contains bothi &L and a T function may be assigned a listen address such that L1 thropgh L5
of its NILA code equals T hithrough T5 of its MTA code.

8.3.3 $econdary.addresses

A device that contains a TE function or an LE function may be assigned any value for bits S1 through S5 of
its my se€ondary address (M SA) code other than:

S5 N7 S3 2 S1

1 1 1 1 1

Two or more TE functions (whether within the same or separate devices) shall not be assigned the same
value for bits T1 through T5 of their MTA codes and bits S1 through S5 of their MSA codes.

Two or more LE functions (usually within separate devices) may be assigned the same value for both bits L1
through L5 of their MLA codes and bits S1 through S5 of their MSA codes.
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A device that contains both a TE and an LE function may be assigned a listen address such that L1 through
L5 of itsMLA code equals T1 through T5 of its MTA code, and both functions may utilize the same second-
ary address.

8.4 Cabling restrictions
8.4.1 Maximum cable length

The maximum length of cable that shall be used to connect together a group of devices within one bus sys-
temis

a) | 2 mtimesthe number of devices
b) | Or 20 m, whichever isless

8.4.2 Distribution of maximum cable lengths

The mpximum length of cable as defined in 8.4.1 may be distributed among the devices in a system|in any
manng deemed suitable by the user. Caution should be taken if individual cabletength exceeds 4 m.

8.4.3 Cabling configurations

Cabled may be interconnected in any manner deemed suitable’by-the user (that is, star, lingar, or
combipations thereof).

Devicgs should not be operated at significantly different frame potentials as the system may not be gapable
of hanglling excessive ground currents.

It is recommended that system communications be verified after cable layout changes.

8.5 Operational sequence guidelines

Most interface communication tasks-tequire a sequence of coded messages to be sent over the interface.
Althoygh the specification of operational sequences is beyond the scope of this standard, severa sequences
are reqgommended for typical tasks. Many other sequences might be found useful.

NOTE+—Caution should beobserved by the system user to assure that exit conditions from a given sequenge leave
deviceqin an acceptablestate. Adequate device documentation facilitates this process.
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8.5.1 Data transfer

IFC AN ton
— V —
IFC N MSA N TPAS N ACDS ATN N SPMS

pon @-
OTA N ACDS ATN

IFC N (within t)
(within t,) OSA N TPAS N ACDS
\Y

[ ACDS A MSA A LPAS ]

ATN

(within tp) ATN N SPMS

MTA N ACDS

PCG N MTA N ACDS

IFC NSPE N ACDS

Pen _

SPD N ACDS
IFC
within t,)

~

NOTE+H—(LAD) represents alisten address of a specific device.
(TAD) fepresents a talk address of a specific device.

(DAB) fepresents any data byte.

[ ] indigates optiona segments of a sequence.

() indicptes messages not uniquely defined in this standard.

8.5.2 $erial poll (issued by controller usually whenever SRQ = 1 on the interface)

ATN
1 UNL Prevents other devices from listening to status sent (controller continues {o
listen witheut being addressed)
1 SPE Puts interface into seria poll mode during which all devices send status
instead of data when enabled
1 (TAD),  Enables a specific device to send status. Within this loop, devices shouldbe
sequentially enabled
0 (SBN) or  Status byte sent by enabled device. If SBN was sent, loop should be (SBA)
(SBA)  repeated. If SBA was sent, the enabled device is identified as having sent| SRQ
g‘> over the interface and will automatically remove it
or
1 SPD Removes the interface from serial poll mode
1 [UNT] Disables|ast talker from sending dataif ATN isset O

NOTE—(TAD) represents a talk address of a specific device.

(SBN) represents a status byte sent by a device in which a request for service is not indicated (bit 7=0) (SBN=STB A
RQS).

(SBA) represents a status byte sent by adevice in which arequest for serviceisindicated (bit 7=1) (SBA=STB A RQS).
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1 (TAD)
1 TCT
1
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The address sent should be that of the device to which control is being passed

Notifies addressed device to take over control of the interface

New controller-in-charge at thistime

NOTE+—(TAD) represents atalk address of a specific device.

8.5.4 Parallel poll

8.5.4.1 Parallel poll configure

ATN

1 (LAD)
1 PPC

1 PPE

1 UNL

Addresses a particular device for which a.parallel response coding is
assigned

Enables the addressed listener to beConfigured

o be

Bit 4 specifies the sense of thepoll response, and bits 1 . . . 3 specifly, in

binary code, the DIO line on which the poll responseis to be given

End of the configuration:foutine

NOTE$—(LAD) represents a listen address of arspecific device.

The PPE command can be cleared by a PPD command.

The cofffiguration can be cleared by @ PPU command.

8.5.4.2 Parallel poll response

ATN IDY

Whenever the busisin this state, predetermined deviceswill each place

their

reguests on aspecific DIO line. If more than one device is sharing aDIO|line,

) L. 1 H (H e ) O A D LI, £ vy J
thetinevatuecanrindicateertheramrORmMgoranANDmgof requestsdepend-

ing on commands previously sent to the devicesinstructing them to use
or 1 value to request service.
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8.5.5 Placing devices in forced remote control

ATN REN

1 1 LLO Disables all devices rtl message

1 1 (LAD), Each address sent places the addressed device into remote state,
disabling al local controls

1 1

1 1

1 1 (LAD),,

NOTES$—(LAD) represents alisten address of a specific device. (Deviceswill all revert back to lgcal state as a group at
any time a0 value of REN is placed on the interface.)

Selectefl local controls may be re-enabled by sending device-dependent remote messages.
8.5.6 $ending interface clear

Whilethe IFC message is being sent, only the DCL, LLO, PPU, and’REN universal commands will joe rec-
ognized.
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Typical instrument system
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The typical system shown in Figure A.1 illustrates the capability of the interface system to handle a variety
of instrumentation system needs. Two possible event sequences, to accomplish specific measurement tasks
using the interface system, are included as examples.

A.1 Event sequence 1 (device-dependent data returned to processor)
Processor programs instruments and initiates measurements; resulting basic data are returned to procgssor:
a) | Processor initializes the interface system by sending the IFC message true.
b) | Processor causes al devices to set their internal conditions to be a predefined state by sendjng the
DCL message true.
c) | Processor sendsthe listen address of the dc power supply followedby, program data for that device.
d) | Processor sends the unlisten command, then the listen address for the next device, followed by
program datafor it.
[ I ——)
Address Data Basic Data Basic Data Basic [Pata
T Program Data T T
Digitall Universal
Interfake Commands
Systerp l Basic Data l Address Data l Address Data l Address Data l Address Data Addregs Data
Program Data Program Data Program Data Program Data Univergal
Universal Universal Universal Universal Commands
Commands Commands Commands Commands
P bl - Digital -
Measyrement
Systerh
DC AC Voltage
Voltage and Frequency T T
l l AC and DC Frequency
Voltage
Unit Under Test (UUT)
Figure ‘A.1—Typical system showing capability of interface system to handle variTty
of instrumentation system needs
e) Event (d) is repeated until each device of interest for this specific test has been addressed and
programmed, and then the unlisten command is sent.
f)  Processor sends listen address of selected measurement device (for example, the digital frequency
meter), and then that program code required to initiate a measurement.
g) Processor sends unlisten command, addresses itself to listen, and then sends talk address of the
measurement device.
h)  Upon completion of its internal measurement cycle, the digital frequency meter sends (talks) its

measurement results (device-dependent data) to the addressed listener, the processor.
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A.2 Event sequence 2 (device-dependent data directed to digital printer)

Processor programs instruments and initiates measurements; resulting device-dependent data are returned to
another device.

a)
b)
©)
d)
€)

f)

Identical to Event Sequence 1.
Identical to Event Sequence 1.
Identical to Event Sequence 1.
Identical to Event Sequence 1.
Identical to Event Sequence 1.
Identical to Event Sequence 1.

9)

h)

NOTE
accepts

Processor sends untista command, tha the TSen address of the digita recorder, fottowed
talk address of the measurement device.

Upon completion of its measurement, the measurement device again sends its resulting
dependent data to the addressed listener, the digital recorder.

-If the processor addressed both the digital recorder and itself, the resulting device-dependent data w
0 by both devices, even though the two may have vastly different rates at which datarcan be accepted.

by the

evice-

puld be
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Annex B

(informative)

Handshake process timing sequence

B.1 General comments

Each data byte transferred by the interface system uses either the interlocked handshake process or the non-
interlocked handshake process to exchange data between source and acceptor. Typicaly, the source is a
talker and the acceptor is alistener.

FigurelB.1 illustrates the interlocked handshake process by indicating the actual waveforms on thg DAV,
NRFD} and NDAC signal lines. The NRFD and NDAC signals each represent compaositeywaveformgresult-
ing from two or more listeners accepting the same data byte at slightly different timeSdue to variationsin the
transmyssion path length and different response rates (delays) to accept and process.the data byte.

FigurelB.2 represents the same sequence of events, in flow chart form, to transfer a data byte between|source
and acgeptor. The annotation numbers on the flow chart and the timing ‘sequence diagram refer to the same
event @n the list of events.

FigureB.3 illustrates the entry into the noninterlocked handshake process by indicating the actual| wave-
forms pn the DAV, NRFD, and NDAC signal lines.

FigurelB.4 illustrates the transition from a noninterlacked handshake process to an interlocked hangdshake
process due to a holdoff condition.

First Data Byte Second Data Byte
101-8 o ___ L4 (53}y----1
(Composite) '@( /@?
Not Valid
H={1 - @
Not Valid
DAV O, (6) (10) @’
Valid /
L —
H— > it e e
P
NRFD
Some Ready !
L pe Ready | @
H—

DAC

T
None Accepted Some Accepted
None Accepted| @
o Lih 4l E 5 T RRRCEE Galig Ty
SGNS | | STRS | |ISGNS
‘ Source Handshake Function
[+SDY S| - SWNS|=+ Active State Sequence
ANRS ‘ ANRS
ACDS Acceptor Handshake Function
- | - | Active State Sequence
ACRS AWNS

NOTE—(See Figure B.2 and List of Events) H>+20V; L <+ 0.8V.

Figure B.1—Signal line timing sequence for one talker and multiple listeners
using interlocked handshake process
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Source Operation

( Start )
v
@ [ Set DAV High I

Are both
NRFD and NDAC
Sensed High?

End

@ & @ l Put or Change Data on DIO Linesl

@:@| ]

Delay for Lines to Settle

Acceptor Operation

Start

C

[ Set NRFD and NDAC Low

)
|®

Able to
andshake and Respond
to Data if Accepted?

Ready to
Accept Data?

NRFD Signal Line Goes High

T <. Only When All Acceptors Are Ready _ !

Set DAV Low

Data is Valid and May '
Now Be Accepted !

Is NDA
Sensed H

C
igh?
NDAC Signal Line Stays Low
Until All Acceptors Have Accepted it

92 @)

Data is Not to be Considered
Valid After This Time

1ly method of implementing an acceptor handshake. See 4.

DTE—(See List of Events) (This flow diagram isfot intended to represent the

Figure B.2—Logical flow of events\for source and acceptor when transferring
data using interlocked handshake process

@I& ¥+

# Yes

[ Set NRED High

[ Set NRFD Low

v

Accept Data'Byte

y

l Set'NDAC High

10:®

(CRO8
®-®

@@
Set NDAC Low

4.5, paragraph three.)
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ATN @
DIO 8-1
DAV ® @ ® @
ONO©)
® & @ O
® ] \ [
©
NDAC ® ® B l
| | | | | | | | |
U U U U U U U U U U U U U U U
o Y t t3 Y st 7 tg t tio t ti2 tia tig
siDs | SWRS | _SRDS | SNGS | SGNS| sDYS | STRS | _SWNS | SGNS | SDYS | STRS. | BWNS
\ \ \ \ \ \ \ \ \ \
SNDS | SNES
ACRS |__ANRS | ACRS | ANDS | ANES | ANDS | BNES
\ \ \ \ \
ANIS | ANYS |_AwAs | ANCS | ANAS

Figure B.3—Signal line timing sequence for one talker and one or more listenerg
using noninterlocked handshake cycles

DIO8-1
" ® ® ® © @ ®
©) L \
NRFD) 0)
®
NDAG (D) ‘
\ || | \ \ \
to [ ty t tg tg t; tg
SGNS SDYS | STRS SWNS SGNS SDYS STRS
\ \ \ \ \ \
SNES |. SNps
\
ANES | ANDS | ANES | ACRS | AEDS
\ \ \ \
ANAS | ALNS | ANCS
\

\
Figure B.4—Signal line timing sequence for holdoff case

B.2 List of events for interlocked handshake process

The numbersin Table B.1 refer to sequential eventsin Figure B.1 and Figure B.2.

B.3 List of events for noninterlocked handshake process (Figure B.3)

The noninterlocked Talker transmits bytes to one or more noninterlocked Listeners, as shown in Figure B.3
and described in Table B.2. The () refersto sequentia eventsin Figure B.4.
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Table B.1—Events for interlocked handshake process (Figure B.1 and Figure B.2)

Sequential Timing i
Event Sequence Description

1 — Source initializes DAV to high (H) (datanot valid).

2 — Acceptorsinitialize NRFD to low (L) (none are ready for data), and set NDAC to
low (L) (none have accepted the data).

3 to Source checks for error condition (both NRFD and NDAC high), and then sets
data byte on DIO lines.

4 to—tg Source delays to allow data to settle on DIO lines.

5 tq Acceptors have all indicated readiness to accept first data byte; NRFD’lines go
high.

6 to Source, upon sensing NRFD high, sets DAV low to indicatethat data on DIO|lines
are settled and valid.

7 tq First acceptor sets NRFD low to indicate that it4sno longer ready, and then
accepts the data. Other acceptorsfollow at their'ewn rates.

8 ts First acceptor sets NDAC high to indicaté that it has accepted the data. (NDAC
remains low due to other acceptorsdriving NDAC low.)

9 t3 Last acceptor sets NDAC high.teindicate that it has accepted the data; all haye
now accepted, and the NDAC fine goes high.

10 ta Source, having sensed that NDAC is high, sets DAV high. Thisindicates to the
acceptors that data-orrthe DIO lines must now be considered not valid.

11 ty—t7 Source changes data on the DIO lines.

12 t7—tg Source delays to allow data to settle on DIO lines.

13 tg Acceptors, upon sensing DAV high (at 10), set NDAC low in preparation for| next
eycle. NDAC line goes low as the first acceptor sets the line low.

14 tg First acceptor indicates that it isready for the next data byte by setting NRFD high.
(NRFD remains low due to other acceptors driving NRFD low.)

15 tg Last acceptor indicatesthat it is ready for the next data byte by setting NRFD high;
NRFD signal line goes high.

16 tg Source, upon sensing NRFD high, sets DAV low to indicate that data on DIO|lines
TS Seted and vald:

17 t1o First acceptor sets NRFD low to indicate that it is no longer ready, and then
accepts the data.

18 t11 First acceptor sets NDAC high to indicate that it has accepted the data (asin 8).

19 t1o Last acceptor sets NDAC high to indicate that it has accepted the data (asin 9).

20 t13 Source, having sensed that NDAC is high, sets DAV high (asin 10).

21 — Source removes data byte from DIO signal lines after setting DAV high.
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Table B.1—Events for interlocked handshake process (Figure B.1 and Figure B.2)

Sequential Timing i
Event Sequence Description
22 t1a Acceptors, upon sensing DAV high, set NDAC low in preparation for next cycle.
23 — Note that all three interlocked handshake lines are at their initialized states (asin 1
and 2).

——Fable B-i—Eventsfornonintertocked-handshake process—

Seqyential Timing i

Eyent Sequence Description

1 — Controller in CACS asserting ATN; source in SIDS; acceptor(s) are asserting
NDAC in ACRS ready to accept another command byte:

2 to Controller transitions to CSBS and unasserts ATN,

3 tq Source transitions to SWRS in response to TACS; the acceptor(s), upon sens|ing
ATN false, transition from ANISto ANYS.

4 1) Acceptor(s) transition to ANRS (if¢rdy's false) and asserts NDAC and NRFD.

5 ts Acceptor(s) transition to ACRSwhen rdy becomes true - NRFD unassertswhen all
acceptors transition to ACRS, upon sensing NRFD false after Ty, transitionginto
AWAS; source, upon sefising NRFD false after Tqg, transitions to SRDS.

6 ty Source transitions 6, SNGS and asserts NIC (NRFD) after T44; the acceptor($)
transition to ANCS upon detection of NIC (NRFD).

7 ts Source transitions to SGNS and unasserts NIC (NRFD) after Tq,.

8 tg Acceptor(s) transition to ANASwhen Ini isfalse.

9 t7 Source transitions to SDY S and sets data byte on DIO lines when nbais true.

10 tg Source, upon sensing NRFD false and NDAC true, sets DAV true to indicatq that
dataon DIO linesis settled and valid; acceptor(s), upon sensing DAYV true,
transitions to ANDS and unasserts NDAC.

11 tg Source, upon sensing NDAC and NRFD fa se, enters SNES.

12 tio Source, upon sensing NRFD and NDAC false after T, 4. transition to SWNS
unasserting DAV.

13 t1y Source enters SGNS upon detecting nba false.

14 t1o Source transitions from SGNSto SDY S and sets data byte on DIO lines when nba
istrue.

15 t13 Source, upon sensing NRFD and NDAC false after Tq3, sets DAV trueto indicate
that dataon DIO linesis settled and valid.

16 t14 Source, upon sensing NRFD and NDAC false after Ty, transition to SWNS
unasserting DAV.
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