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DESIGN AND
VERIFICATION OF
LOW-POWER INTEGRATED CIRCUITS

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and_electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, fechnisal Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereaffer referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC i
in the subject dealt with may participate in this preparatory work.

IEEE Standards documents are developed within IEEE Societies and Standard \ mittees of the
IEEE Standards Association (IEEE-SA) Standards Board. |IEEE develop i a consensus
development process, which brings together vqunteers representing

8 _has representation from all interested IEC
tters, once consensus within IEEE Societies

IEC/IEEE Publications 8 A & nendations for international use and are accepted by IEC
National Commitiees/I ietjes.in th ense.MWhile all reasonable efforts are made to ensure that the
technical conte {blicati ate, IEC or IEEE cannot be held responsible for the way in
which they are used/or far a i & %

IEC National Committees undertake to apply IEC Publications
ntly to the maximum extent possible in their national and regional
+-=afly |IEC/IEEE Publication and the corresponding national or regional

publication k indi d in the latter.
IEC and dttestation of conformity. Independent certification bodies provide conformity
assess and in some areas, access to IEC marks of conformity. IEC and IEEE are not responsible

No liability shall afta to IEC or IEEE or their directors, employees, servants or agents including individual
experts and members of technical committees and IEC National Committees, or volunteers of IEEE Societies
and the Standards Coordinating Committees of the IEEE Standards Association (IEEE-SA) Standards Board,
for any personal injury, property damage or other damage of any nature whatsoever, whether direct or indirect,
or for costs (including legal fees) and expenses arising out of the publication, use of, or reliance upon, this
IEC/IEEE Publication or any other IEC or IEEE Publications.

Attention is drawn to the normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that implementation of this IEC/IEEE Publication may require use of
material 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. IEC or IEEE shall not be held responsible for
identifying Essential Patent Claims for which a license may be required, for conducting inquiries into the legal
validity or scope of Patent Claims or determining whether any licensing terms or conditions provided in
connection with submission of a Letter of Assurance, if any, or in any licensing agreements are reasonable or
non-discriminatory. Users of this standard are expressly advised that determination of the validity of any patent
rights, and the risk of infringement of such rights, is entirely their own responsibility.

Published by IEC under license from IEEE. © 2013 IEEE. All rights reserved.
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International Standard |IEC 61523-4/IEEE Std 1801-2013 has been processed through IEC
technical committee 91: Electronics assembly technology, under the IEC/IEEE Dual Logo
Agreement.

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

IEEE Std FDIS Report on voting
1801 (2013) 91/1209/FDIS 91/1228/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.

ided that.the contents
e IEC web site
NADNthis date, the

The IEC Technical Committee and IEEE Technical Committee have dec
of this publication will remain unchanged until the stability date indica
under "http://webstore.iec.ch" in the data related to the specific p
publication will be

* reconfirmed,
* withdrawn,
» replaced by a revised edition, or

@@
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(Revision of
IEEE Std 1801-2009)

IEEE Standard for Design and
Verification of
Low-Power Integrated Circui

Sponsor

Design Automation Committee
of the

IEEE Computer Society
and the

IEEE Standards Association Corpe

Approved 6 March

IEEE-SA St@r ,
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Grateful acknowledgment is made to the following for permission to use source material:

Accellera Systems Initiative
Unified Power Format (UPF) Standard, Version 1.0

Cadence Design Systems, Inc.
Library Cell Modeling Guide Using CPF
Hierarchical Power Intent Modeling Guide Using CPF

Silicon Integration Initiative, Inc.
Si2 Common Power Format Specification, Version 2.0

verification of the structure and behavior of the desig
architecture, and for driving implementation of tha

Verilog is a registered trademark of Cadence Design Systems, Inc.

Published by IEC under license from IEEE. © 2013 IEEE. All rights reserved.
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IEEE Introduction

This introduction is not part of IEEE Std 1801-2013, IEEE Standard for Design and Verification of Low-Power
Integrated Circuits.

The purpose of this standard is to provide portable low-power design specifications that can be used with a
variety of commercial products throughout an electronic system design, analysis, verification, and
implementation flow.

When the electronic design automation (EDA) industry began creating standards for use in specifying,
simulating, and implementing functional specifications of digital electronic circuits in the 1980s, the
primary design constraint was the transistor area necessary to implement the required~functionality in the
prevailing process technology at that time. Power considerations were simple and easily agsumed for the

design as power consumption was not a major consideration and most chips opgfated of voltage for
all functionality. Therefore, hardware description languages (HDLs) sug
IEEE Std 1076™)? and SystemVerilog (IEEE Std 1800™) provided a rjch s Ssary for

As the process technology for manufacturing electronic ciredits i nee, power (as a design
constraint) continually increased in importance. Even abgve the i ode size, dynamic power

consumption became an important design constrain i ize of designs increased power
consumption at the same time battery-operated mo' as cel, phones and laptop computers
became a significant driver of the for reducing dynamic power
consumption—the amount of power const iti 1ode from a 0 to 1 state or vice versa—

became commonplace. Although these

ue’to the physics of the smaller process nodes, power is leaked from
%is quiescent (no toggling of nodes from 0 to 1 or vice Versa) New design

power-management.€ontrollers, isolation cells that logically and/or electrically isolate a shutdown power
domain from “powered-up” domains, level-shifters that translate signal voltages from one domain to
another, and retention registers to facilitate fast transition from a power-off state to a power-on state for a
domain.

The EDA industry responded with multiple vendors developing proprietary low-power specification
capabilities for different tools in the design and implementation flow. Although this solved the problem
locally for a given tool, it was not a global solution in that the same information was often required to be
specified multiple times for different tools without portability of the power specification. At the Design

4nformation on references can be found in Clause 2.

Published by IEC under license from IEEE. © 2013 IEEE. All rights reserved.
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Automation Conference (DAC) in June 2006, several semiconductor/electronics companies challenged the
EDA industry to define an open, portable power specification standard. The EDA industry standards
incubation consortium, Accellera Systems Initiative, answered the call by creating a Technical
SubCommittee (TSC) to develop a standard. The effort was named Unified Power Format (UPF) to
recognize the need of unifying the capabilities of multiple proprietary formats into a single industry
standard. Accellera approved UPF 1.0 as an Accellera standard in February 2007. In May 2007, Accellera
donated UPF to the IEEE for the purposes of creating an IEEE standard, and in March 2009, the first version
of the IEEE Std 1801 was released. So this standard, although the second version of the IEEE Std 1801,
represents the third version of what is more colloquially referred to as UPF.

@%
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Notice to users

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with the
provisions of any IEEE Standards document does not imply compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not
in compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

standardization, and the promotion of engineering practices and
available for use and adoption by public authorities and private use
copyright to this document.

Updating of IEEE documents

by the issuance of new editions or may be an re-through the issuance of amendments,
in time consists of the current edition of the
then in effect. In order to determine whether

Website at http://standards.ieee.org/index.html or
FFor more information about the IEEE Standards

amendments, corrige
contact the IEEE at

Association or the IER
index.html.

all othfer standards can be accessed at the following URL: http:/standards.iece.org/
Wsers are encouraged to check this URL for errata periodically.

Patents

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 by the IEEE with respect to the
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE-
SA Website at http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate
whether the Submitter is willing or unwilling to grant licenses under patent rights without compensation or
under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair
discrimination to applicants desiring to obtain such licenses.

Published by IEC under license from IEEE. © 2013 IEEE. All rights reserved.
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Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely their
own responsibility. Further information may be obtained from the IEEE Standards Association.

@%
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