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INTERNATIONAL ELECTROTECHNICAL COMMISSION

VHDL REGISTER TRANSFERT LEVEL (RTL) SYNTHESIS

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization
comprising all national electrotechnical committees (IEC National Committees). The object of IEC is to
promote international co-operation on all questions concerning standardization in_the electrical and
electronic fields. To this end and in addition to other activities, IEC publishes Ipternational Standards,

international consensus of opinion on the relevant subjects
representation from all interested IEC National Committees.

3) IEC Publications have the form of recommendations for intg i \ gccepted by IEC National
Committees in that sense. While all reasonable efforts are[ made o ¢ technical content of IEC
Publications is accurate, IEC cannot be held responsib|e\ for’the which” they are used or for any

misinterpretation by any end user.

4) In order to promote international unifor
transparently to the maximum extent posst
between any IEC Publication and the co
indicated in the latter.

5) IEC provides no marking p

6) Attention is drawn to the possibili

International '@» as been processed through IEC technical
committee 93: Desi

the following documents:

\ \E\Eé\Std ) FDIS Report on voting

\O(G\.\G (2\04) 93/212/FDIS 93/217/RVD

Full inform
voting indicatethin thg above table.
This publication has been drafted in accordance with the ISO/IEC Directives.

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

“Attention!

It should be noted that this International Standard IEC 62050 is totally unrelated to
IEC/PAS 62050 despite the identical numbering.”

[ Published by IEC under licence from IEEE. © 2005 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 International Standard is wholly voluntary. The IEC and |
any personal injury, property or other damage, of any nature whatsoever, e
consequential, or compensatory, directly or indirectly resulting from the publicatio
this, or any other IEC or IEEE Standard document.

approved and issued is subject to change brought about t
comments received from users of the standard.

Every IEEE Standard is subjected to revie
document is more than five years old and has

to specific applicatiofns.
initiate action to n@- g
interests it is impo ant te

and requests o
Secretary, IEE dg Board, 445 Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331, USA and/or
General Secretary rue de Varembé, PO Box 131, 1211 Geneva 20, Switzerland.

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

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

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |
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IEEE Standard for VHDL Register
Transfer Level (RTL) Synthesis
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Design Automation Standards Committee
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IEEE Computer Society
Approved 25 August 2004
American National Standard Instit

Approved 12 May 2004

Abstract: This doc
ware descriptie

is synthesizable, is described, and nonsynthesizable VHDL constructs
e ignored or flagged as errors.

speed integratethgircuit hardware description language (VHDL)
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IEEE Introduction

This standard describes a standard syntax and semantics for VHDL RTL synthesis. It defines the subset of
|EC/IEEE 61691-1-1:2004 (VHDL) that is suitable for RTL synthesis and defines the semantics of that subset
for the synthesis domain. This standard is based on IEC/IEEE 61691-1-1:2004, IEEE Std 1164™-1993,
and |EEE Std 1076.3™-1997.

The purpose of this standard isto define a syntax and semantics that can be used in common by all compliant
RTL synthesis tools to achieve uniformity of results in a similar manner to which simuIaIion tools use

compliant with this standard.

The standard is intended for use by logic designers and electronic engineeys:

Semantics
Attributes:

distribute and share information.

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |
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being part of the working group:

Bill Anker Robert Blackburn John Hillawi
LaNae Avra Pradip Jha
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Notice to users

Errata

Errata, if any, for this and all other standards can be accessed a the following URL: http://
standards.ieee.org/reading/ieee/updates/errata/index.html. Users are encouraged to check this URL for
errata periodically.

Interpretations

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/ieeelinterp/
index.html.

Patents

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |
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VHDL REGISTER TRANSFER LEVEL (RTL)
SYNTHESIS

1. Overview

1.1 Scope

that ensures portability of VHDL descriptighs between regig 3 q_synthesis tools. Synthesistools
may be compliant and yet have features beyand thoserequiked by\this standard. This standard defines how

describes the syntax of the language with r,
ported for interoperability.

b) Adherestotkesemantics defined in this standard

1.2.2 Tool compliance

A synthesistool shall be defined as being compliant to this standard if it
a) Acceptsal modelsthat adhere to the model compliance definition defined in 1.2.1
b)  Supports language related pragmas defined by this standard

¢) Producesacircuit model that has the same functionality as the input model based on the verification
process as outlined in Clause 5.

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |
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1.3 Terminology

The word shall indicates mandatory requirements strictly to be followed in order to conform to the standard
and from which no deviation is permitted (shall equalsis required to). The word should is used to indicate
that a certain course of action is preferred but not necessarily required; or that (in the negative form) a cer-
tain course of action is deprecated but not prohibited (should equals is recommended that). The word may
indicates a course of action permissible within the limits of the standard (may equals is per mitted).

A synthesis tool is said to accept a VHDL construct if it allows that construct to be legal input; it is said to
interpret the construct (or to provide an interpretation of the construct) by producing something that repre-
sents the construct. A synthesis tool is not required to provide an interpretation for eyery construct that it
accepts, but only for those for which an interpretation is specified by this standard.

The constructsin the standard shall be categorized as follows:

Supported: RTL synthesis shall interpret a construct, that is, { 3 W equival ent
hardware representation.

mechanism, if any, by which RTL synthesis notifies (w3 ser ofpsuch constructs is not
defined by this standard. Ignored constructs may-cludeuy

entified\ashot suPportedinthisstandard. However a model
thisstandard.

Syntax text that is underscored (e.g., text) refers to syntax that shall be ignored.

€) <and > pairsare used to represent text in one of severa different, but specific forms. For example,
one of the forms of <clock_edge> could be“CLOCK'EVENT and CLOCK ='1".

f)  Any paragraph starting with “NOTE—" isinformative and not part of the standard.

g) The examples that appear in this document under “Example:” are for the sole purpose of demon-
strating the syntax and semantics of VHDL for synthesis. It is not the intent of this standard to
demonstrate, recommend, or emphasize coding styles that are more (or less) efficient in generating
an equivalent hardware representation. In addition, it is not the intent of this standard to present
examples that represent a compliance test suite, or a performance benchmark, even though these
examples are compliant to this standard (except as noted otherwise).

INotes in text, tables, and figures are given for information only and do not contain requirements needed to implement the standard.

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |
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2. References

This standard shall be used in conjunction with the following publications. When the following standards
are superseded by an approved revision, the revision shall apply.

|EEE Std 1076.3™-1997, | EEE Standard Synthesis Packages (NUMERIC_BIT and NUM ERIC_STD).Z' 3

|EEE Std 1164™-1993, |EEE Standard Multivalue Logic System for VHDL Model Interoperability
(STD_LOGIC _1164).

IEC/IEEE 61691-1-1:2004, Behavioural languages - Part 1-1: VHDL language reference manual*

3. Definitions and acronyms

3.1 Definitions

For the purposes of this standard, the following terms and defipitio he Al kative Dictionary of
|IEEE Standards Terms, Seventh Edition should be ref defined in this clause.

3.1.1 assignment reference: The occurrence iera i he waveform element of a signal
assignment statement or as the right-hand si i

a)

b)

3.1.5 high-impeta
STD_LOGIC).

3.1.6 level-sensitive storage element: Any storage element mapped to by a synthesistool that

a) Propagates the value at the data input whenever an appropriate value is detected on a clock control
input

b) Preservesthe last value propagated at all other times, except when any asynchronous control inputs
become active (for example, alatch)

2The | EEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc.
3|EEE publications are avail able from the Institute of Electrical and Electronics Engineers, 445 Hoes L ane, P.O. Box 1331, Piscataway,
NJ 08855-1331, USA (http://standards.ieee.org/).

4 EC/IEEE publications are also available from the Institute of Electrical and Electronics Engineers.

5 . .
Information on references can be found in Clause 2.

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |
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3.1.7 logical operation: An operation for which the VHDL operator is and, or, nand, nor, xor, xnor, or
not.

3.1.8 metacomment: A VHDL comment (--) that is used to provide synthesis-specific interpretation by a
synthesis tool.

3.1.9 metalogical value: One of the enumeration literals‘U’, * X*, ‘“W’, or ‘-’ of thetype STD_ULOGIC (or
subtype STD_LOGIC).

to implement storage el ements.

3.1.12 synchronous assignment: An assignment that takes
as adirect result of aclock edge expression evaluating as

3.1.13 synthesislibrary: A library of digital
or other blocks; instances of these elements g
netlist.

3.1.14 synthesis tool: Any
as adescription of an elect

3.1.15 wntheﬁ&@f'

3.1.18 well-defineds C

0

taining no metalogical or high-impedance value.

3.2 Acronyms

LRM The IEEE VHDL language reference manual, that is, IEC/IEEE 61691-1-1:2004.

RTL The register transfer level of modeling circuits in VHDL for use with register transfer level
synthesis. Register transfer level is a level of description of a digital design in which the
clocked behavior of the design is expressly described in terms of data transfers between stor-
age elements in sequential logic, which may be implied, and combinational logic, which may
represent any computing or arithmetic-logic-unit logic. RTL modeling allows design hierarchy
that represents a structural description of other RTL models.

[ Published by IEC under licence from IEEE. © 2005 IEEE. All rights reserved. |
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