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e
S FOREWORD

The Intel Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all nationa trotechnical committees (IEC National Committees). The object of IEC is to promote
internationa eration on all questions concerning standardization in the electrical and electronic fields. To
this end and L@ition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Re sgPublicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). @)reparation is entrusted to technical committees; any IEC National Committee interested
e h may participate in this preparatory work. International, governmental and non-
liaising with the IEC also participate in this preparation.

in the subject d
governmental organizatj

IEEE Standards docum

e developed within IEEE Societies and Standards Coordinating Committees of the
IEEE Standards Association/(|[EEE-SA) Standards Board. IEEE develops its standards through a consensus
development process, whi s together volunteers representing varied viewpoints and interests to achieve
the final product. Volunteers a necessarily members of IEEE and serve without compensation. While IEEE
administers the process and shes rules to promote fairness in the consensus development process, IEEE
does not independently evalu t%&, or verify the accuracy of any of the information contained in its
standards. Use of IEEE Standard ments is wholly voluntary. IEEE documents are made available for use
subject to important notices and I@isclaimers (see http://standards.ieee.org/IPR/disclaimers.html for more
information).

IEC collaborates closely with IEEE in @dance with conditions determined by agreement between the two
organizations.

The formal decisions of IEC on technical @ express, as nearly as possible, an international consensus of
opinion on the relevant subjects since each™tg ical committee has representation from all interested IEC
National Committees. The formal decisions of technical matters, once consensus within IEEE Societies
and Standards Coordinating Committees has b@ghed, is determined by a balanced ballot of materially

interested parties who indicate interest in review|
standards document is given by the IEEE Standards

the proposed standard. Final approval of the IEEE
iation (IEEE-SA) Standards Board.

IEC/IEEE Publications have the form of recommend for international use and are accepted by IEC
National Committees/IEEE Societies in that sense. W reasonable efforts are made to ensure that the
technical content of IEC/IEEE Publications is accurate, IE IEEE cannot be held responsible for the way in
which they are used or for any misinterpretation by any end .

In order to promote international uniformity, IEC National Co tees undertake to apply IEC Publications
(including IEC/IEEE Publications) transparently to the maxim ent possible in their national and regional
publications. Any divergence between any IEC/IEEE Publica the corresponding national or regional
publication shall be clearly indicated in the latter.

assessment services and, in some areas, access to IEC marks of confo IEC and IEEE are not responsible
for any services carried out by independent certification bodies. 2.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or IEEE or their directors, employees, servan fgents including individual
experts and members of technical committees and IEC National Committees, teers of IEEE Societies

IEC and IEEE do not provide any attestation of conformity. Independentg€ertification bodies provide conformity
rr&)

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, r direct or indirect,
or for costs (including legal fees) and expenses arising out of the publication, use 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 refe publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that implementation of this IEC/IEEE Publication may re e use of
material covered by patent rights. By publication of this standard, no position is taken with et to the
existence or validity of any patent rights in connection therewith. IEC or IEEE shall not be held p ble for
identifying Essential Patent Claims for which a license may be required, for conducting inquiries ihtogthe legal
validity or scope of Patent Claims or determining whether any licensing terms or conditions ed, in
connection with submission of a Letter of Assurance, if any, or in any licensing agreements are reaso r
non-discriminatory. Users of this standard are expressly advised that determination of the validity of an ent
rights, and the risk of infringement of such rights, is entirely their own responsibility.
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International Standard IEC 61523-1/ IEEE Std 1481-2009 has been processed through IEC
technical committee 93: Design automation, under the IEC/IEEE Dual Logo Agreement.

T, ond edition cancels and replaces the first edition, published in 2001, and constitutes
at 'cgl revision.

The te@ this standard is based on the following documents:

P

IE FDIS Report on voting
IEEE.I481 2009 | 93/318/FDIS 93/325/RVD

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

The IEC Technical ittee and IEEE Technical Committee have decided that the contents
of this publication will r@in unchanged until the stability date indicated on the IEC web site
under "http://webstore.i « in the data related to the specific publication. At this date, the
publication will be é

*
e reconfirmed,

* withdrawn, \p
» replaced by a revised edition, or,
¢ amended. Q
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alty-free permission has been granted by Silicon Integration Initiative, Inc. (Si2) to reprint
%ﬁal from Specification for the Open Library Architecture (OLA), Version 2.0-00, March 1,

Vays for integrated circuit designers to analyze chip timing and power consistently
ad set of electric design automation (EDA) applications are covered in this standard.
Which integrated circuit vendors can express timing and power information once per
given techn@logy,are also covered. In addition, the means by which EDA vendors can meet their
nce and capacity needs are discussed.

Keywords: chip d ectronic design automation (EDA), integrated circuit (IC) design, power

calculation :
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Engineers, Incorporated.
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IEEE Introduction

This introduction is not part of IEEE Std 1481-2009, IEEE Standard for Integrated Circuit (IC) Open Library
Architecture (OLA).

objective of the delay and power calculation system (DPCS) is to make it possible for integrated circuit
ners to consistently calculate chip delay and power across electronic design automation (EDA)
tions and for integrated circuit vendors to express delay and power information only once per
logy while enabling sufficient EDA application accuracy.

This is plished by a coordinated set of standards that support a standard method to describe timing
and po aracteristics of integrated circuit design units (cells and higher level design elements); a
standard @ for EDA applications to calculate chip design instance specific delay, slew, and power for
logic and inte@nects; and standard file formats to exchange chip parasitic and cluster information.

Notice to us

Laws and regula

Users of these documents Ald consult all applicable laws and regulations. Compliance with the
provisions of this standard dy not imply compliance to any applicable regulatory requirements.
Implementers of the standard sponsible 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, an: documents may not be construed as doing so.

Copyrights /O/‘

This document is copyrighted by the IEEE. @ ade available for a wide variety of both public and
private uses. These include both use, by refer in laws and regulations, and use in private self-
regulation, standardization, and the promotion of ineering practices and methods. By making this
document available for use and adoption by public ities and private users, the IEEE does not waive
any rights in copyright to this document. é

Updating of IEEE documents 0

Users of IEEE standards should be aware that these documen be superseded at any time by the
issuance of new editions or may be amended from time to tim€ thwough the issuance of amendments,
corrigenda, or errata. An official [IEEE document at any point in time@ists of the current edition of the
document together with any amendments, corrigenda, or errata then in In order to determine whether
a given document is the current edition and whether it has been a d through the issuance of
amendments, corrigenda, or errata, visit the IEEE Standards ciation Web site at
http://ieeexplore.ieee.org/xpl/standards.jsp, or contact the IEEE at the address%previously.

For more information about the IEEE Standards Association or the [EEE standa@elopment process,
visit the IEEE-SA Web site at http://standards.ieee.org.

Errata \-A
Errata, if any, for this and all other standards can be accessed at the fol@ URL:
http://standards.ieee.org/reading/ieece/updates/errata/. Users are encouraged to check this UR ba‘ta

periodically. d\
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Interpretations

ﬁrrent interpretations can be accessed at the following URL: http://standards.ieee.org/reading/icee/interp/.

%

A @n 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 Vali@ any patent rights in connection therewith. A patent holder or patent applicant has filed a
stateme ssurance that it will grant licenses under these rights without compensation or under
reasonabl with reasonable terms and conditions that are demonstrably free of any unfair
discriminatio@ plicants desiring to obtain such licenses. Other Essential Patent Claims may exist for
which a stateme&ﬁassurance has not been received. The IEEE is not responsible for identifying Essential

a license may be required, for conducting inquiries into the legal validity or scope
etermining whether any licensing terms or conditions are reasonable or non-
ation may be obtained from the IEEE Standards Association.

Patent Claims fo
of Patents Claims,
discriminatory. Furth
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/Delay and power calculation
$tandards — Part 1:
Integrated circuit delay and

po CI; calculation systems

IMPORTANT : This trial-use standard is not intended to ensure safety, security, health, or
environmental protéCtign in all circumstances. Implementers of the trial-use standard are responsible
for determining ap r@lte safety, security, environmental, and health practices or regulatory
requirements.

This IEEE document is ma%gailqble for use subject to important notices and legal disclaimers. These
notices and disclaimers appear y | publications containing this document and may be found under the
heading “Important Notice” on ;ssportant Notices and Disclaimers Concerning IEEE Documents.”
They can also be tained on request  from IEEE or viewed at
http://standards.ieee. 0rg/IPR/disclaié html.

1 Overview /O
/s

The delay and power calculation system (DP s a coordinated set of standards that support a standard
method to describe timing and power character ‘F&f integrated circuit (IC) design units (cells and higher
level design elements); a standard method for eleétfopnd ‘design automation (EDA) applications to calculate
chip design instance specific delay, slew, and pow r@ogic and interconnects; and standard file formats
to exchange chip parasitic and cluster information. %ﬁrd specifications covered in this document
include

— A description language for timing and power modeli @ alled the delay calculation language
(DCL).

— A software procedural interface (PI) for communications§ en EDA applications and compiled
libraries of DCL descriptions.

— A standard file exchange format for parasitic information abo%ip design: Standard Parasitic
Exchange Format (SPEF).

— Informative usage examples : f
— Informative notes ®

Notes and examples are informative. All other components of this specification a; congitered normative
unless otherwise directed.

1.1 Scope "L

The scope of this standard focuses on delay and power calculation for integrated circuit desigr@ pport
for modeling logical behavior and signal integrity.
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1.2 Purpose

improve the IEEE 1481-1999 standard system for integrated circuit designers to more accurately and
% e completely analyze semiconductor designs across EDA applications and for integrated circuit vendors
press logical behavior, signal integrity, delay, and power information only once per technology while

ifig sufficient EDA application accuracy.

1..’?\9 Introduction

The D ndard covers delay and power calculation for integrated circuit design with support for
modeling behavior and signal integrity, which makes it possible for integrated circuit designers to
analyze chip §imihg and power consistently across a broad set of EDA applications, for integrated circuit
vendors to expr@ming and power information once (for a given technology), and for EDA vendors to
meet their applic erformance and capacity needs. The intended use for this standard is IC timing and
power. This standar be applied to both unit logic cells supplied by the IC vendor and logical macros
defined by the IC desi Ithough this standard is written toward the integrated circuit supplier and EDA

developer, its applicati Elies equally well to representation of timing and power for designer-defined

macros (or hierarchical desfgn)elements).

These specifications make 1(p: ible to achieve consistent timing and power results, but they do not
guarantee it. They provide for #si executable software program that computes delay and power based
on IC vendor-supplied algorith or designer-supplied algorithms for macros) but does not guarantee
EDA applications can correctly com ate the design-specific information required for these algorithms.
By specifying standard exchange fm for parasitic data and floorplanning information, this standard
provides a marked improvement over d environments with no such standards. However, it is the
responsibility of the EDA applicatio ectly correlate the information between these standard
exchange files and the actual design. Thisﬁ rd also does not detail how the information contained
within the standard exchange files shall be obt&L

*

As feature sizes for chips have shrink below 0.25 interconnect delay effects have begun to outweigh
those of the logic cells. This means placement of c d wire routing of the interconnects become as
important a factor as the type of cell drivers and recej on the interconnect. As a result, EDA logic
design applications (such as synthesis) have begun to 1 t closely with physical design applications
(such as floorplanning and layout). Applications that before Id consider only simple delay and power
models now need to deal with complex, interrelated d@d power algorithms. Plus, due to the
complexities of the delay and power algorithms, the integ e@cuit vendor needs to have control of
application calculations and not be restricted by the limitations ofsa_btQad set of applications demanded by
the customers (the designers).

Over the past few years, it has become increasingly apparent that% very large-scale integration
(VLSI) design is no longer bounded only by timing and area constraints. ‘ er has become significantly
more important. In an era of hand-held devices, ranging from mobile computihg#o wireless communication
systems, managing and controlling power takes on an important role. Several%gficfits can be attained from
low-power designs in addition to extended battery life. Low-power devices ofterLgun at a lower junction
temperature, which leads to higher reliability and lower cost cooling system ﬂ Cre are also several
challenges for calculation and modeling of power (and delay) in deep submicron then 0.25 um)
designs. EDA tools can now accurately calculate and model power by using this DPC rd.

Q&
0
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2 Normative references

e following referenced documents are indispensable for the application of this document (i.e., they must

e'ynderstood and used, so each referenced document is cited in text and its relationship to this document is

ained). For dated references, only the edition cited applies. For undated references, the latest edition of
erenced document (including any amendments or corrigenda) applies.

C 9899:1990, Programming Languages — C.'

ISO/IEé ;@ :2003, Programming Languages — C++.

ISO publications are available from the ISO Central Secretariat, Case Postale 56, 1 ch. de la Voie Creuse, CH-l%
Geneve 20, Switzerland / Suisse (http://www.iso.ch/). IEC publications are available from the Sales Departmen

the International Electrotechnical Commission, Case Postale 131, 3 rue de Varembé, CH-1211, Genéve 20,
Switzerland/Suisse (http://www.iec.ch/).
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