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POWER MODELING TO ENABLE SYSTEM LEVEL ANALYSIS

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, Technical Specifications, Technical
Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC document(s)"). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations

liaisHre~with-the—+=C-at oot tain thi
1alpt WHA—tRe—T= H—tH

Ag alse-partieipat paration

s-preparation

IEHE Standards documents are developed within IEEE Societies and Standards Coordinating Committeeq of the
IEHE Standards Association (IEEE SA) Standards Board. IEEE develops its standards through(a,congensus
deJelopment process, approved by the American National Standards Institute, which brings together volynteers
representing varied viewpoints and interests to achieve the final product. Volunteers are not necessarily mgmbers
of [EEE and serve without compensation. While IEEE administers the process and establishes fules to pfomote
faimhess in the consensus development process, IEEE does not independently evaluate;“test, or verffy the
acduracy of any of the information contained in its standards. Use of IEEE Standards/documents is|wholly
vollintary. IEEE documents are made available for use subject to important notices~and legal disclaimefs (see
https://standards.ieee.org/ipr/disclaimers.html for more information).

IEQ collaborates closely with IEEE in accordance with conditions determined by agreement between the two
orglnizations. This Dual Logo International Standard was jointly developed by the IEC and IEEE under theg terms
of that agreement.

Th¢ formal decisions of IEC on technical matters express, as nearly ds possible, an international conserjsus of
opipion on the relevant subjects since each technical committee has' representation from all interest¢d IEC
National Committees. The formal decisions of IEEE on technical matters, once consensus within IEEE Societies
and Standards Coordinating Committees has been reached, is determined by a balanced ballot of magerially
intgrested parties who indicate interest in reviewing the proposed’standard. Final approval of the IEEE stapdards
dogument is given by the IEEE Standards Association (IEEE _SA) Standards Board.

IEG/IEEE Publications have the form of recommendations,for international use and are accepted by IEC Nptional
Committees/IEEE Societies in that sense. While all_feasonable efforts are made to ensure that the teghnical
content of IEC/IEEE Publications is accurate, IECorIEEE cannot be held responsible for the way in whigh they
ardg used or for any misinterpretation by any end.user.

In prder to promote international uniformity, lEC National Committees undertake to apply IEC Publigations
(in¢luding IEC/IEEE Publications) transparently to the maximum extent possible in their national and rg gional
publications. Any divergence betweensyany |IEC/IEEE Publication and the corresponding national or rdgional
publication shall be clearly indicatediin the latter.

IEQ and IEEE do not provide any attestation of conformity. Independent certification bodies provide conformity
asgessment services and, in some areas, access to IEC marks of conformity. IEC and IEEE are not respg@nsible
for|any services carried out by independent certification bodies.

Alllusers should ensure that‘they have the latest edition of this publication.

No|liability shall attachyto IEC or IEEE or their directors, employees, servants or agents including indjvidual
experts and members of technical committees and IEC National Committees, or volunteers of IEEE Sofcieties
and the Standapds.€oordinating 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 indirfect, or
foricosts (including legal fees) and expenses arising out of the publication, use of, or reliance upon, this IEC/IEEE
Publicatjon.or any other IEC or IEEE Publications.

Attention™is drawn to the normative references cited in this publication. Use of the referenced publicat|ons is
indjspensable 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.

IEC 63501-2416/IEEE Std 2416 was processed through IEC technical committee 91:
Electronics assembly technology, under the IEC/IEEE Dual Logo Agreement. It is an
International Standard.
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The text of this International Standard is based on the following documents:

IEEE Std FDIS Report on voting
2416 (2019) 91/1867A/FDIS 91/1888/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.

The IEC Technical Committee and IEEE Technical Committee have decided that the contents
of this~document witr Temain unchanged untithe stabitity date indicated on the 1EC Website
undelf webstore.iec.ch in the data related to the specific document. At this date, the docyment
will b

1%

e reconfirmed,
e wijthdrawn, or

e revised.

IMPORTANT - The "colour inside” logo on the cover page of this document indidates
that|it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer
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Abstract: In this standard, a parameterized and abstracted power model enabling system,
software, and hardware intellectual property (IP)-centric power analysis and optimization are
described. Concepts and constructs are defined for the development of parameterized, accurate,
efficient, and complete power models for systems and hardware IP blocks usable for system
power analysis and optimization. Process, voltage, and temperature (PVT) independence;
power and thermal management interface; and workload and architecture parameterization are
some of the concepts included.

Keywords: |IEEE 2416™ intellectual property (IP) blocks, modeling standards, models,
optimization, parameterization, power conftributors, power data, process, voltage nd
temlperature (PVT)
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These
notices and disclaimers, or a reference to this page, appear in all standards and may be found under the
heading “Important Notices and Disclaimers Concerning IEEE Standards Documents.” They can also be
obtained on request from IEEE or viewed at http://standards.ieee.org/ipr/disclaimers.html.

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and tnial-usef are
devgloped within IEEE Societies and the Standards Coordinating Committees of the IEEE” Standards
Assgpciation (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a
congensus development process, approved by the American National Standards Institate’(“ANSI”),
brinfs together volunteers representing varied viewpoints and interests to achieve.the” final product. 1
Starldards are documents developed through scientific, academic, and industry-based technical worki
groyps. Volunteers in IEEE working groups are not necessarily members of' the Institute and partici
without compensation from IEEE. While IEEE administers the process and“establishes rules to pro
fairess in the consensus development process, IEEE does not indeperdently evaluate, test, or verif
accyracy of any of the information or the soundness of any judgments,contained in its standards.

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or e
against interference with or from other devices or networks) Tmplementers and users of IEEE Stan
docyments are responsible for determining and comiplying with all appropriate safety, sec
environmental, health, and interference protection practices and all applicable laws and regulations.

IEEE does not warrant or represent the accuracy ‘orcontent of the material contained in its standards,|and
exptessly disclaims all warranties (express, ifplied and statutory) not included in this or any
docyiment relating to the standard, including;but not limited to, the warranties of: merchantability; fithess
for 4 particular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness
of npaterial. In addition, IEEE disclaims any and all conditions relating to: results; and workmanlike e
IEEE standards documents are supplied “AS IS” and “WITH ALL FAULTS.”

Use|of an IEEE standard is wholly voluntary. The existence of an IEEE standard does not imply that there
are no other ways to producg; test, measure, purchase, market, or provide other goods and services related
to the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is appr¢ved
and[issued is subject to/change brought about through developments in the state of the art and comments
receiived from usets-of the standard.

In ppblishing(and making its standards available, IEEE is not suggesting or rendering professional or gqther
serviices fof;or on behalf of, any person or entity nor is IEEE undertaking to perform any duty owed by|any
othdr person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his
or Heroown independent judgment in the exercise of reasonable care in any given circumstances of, as
appropriate, seek the advice of a competent professional in determining the appropriateness of a given
IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.
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Translations
The IEEE consensus development process involves the review of documents in English only. In the event

that an IEEE standard is translated, only the English version published by IEEE should be considered the
approved IEEE standard.

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any intérested party, regardless of
merhbership affiliation with IEEE. However, IEEE does not provide censulting information or advice
perthining to IEEE Standards documents. Suggestions for changes in deCuments should be in the form|of a
proposed change of text, together with appropriate supporting comments.”Since IEEE standards repres¢nt a
congensus of concerned interests, it is important that any responses fo)comments and questions also receive
the fconcurrence of a balance of interests. For this reason, IEEE and the members of its societies|and
Starldards Coordinating Committees are not able to provide/anvinstant response to comments or questions
excgpt in those cases where the matter has previously beeh.addressed. For the same reason, IEEE doeq not
respond to interpretation requests. Any person who Swould like to participate in revisions to an IEEE
stanfdard is welcome to join the relevant IEEE workin@ group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

Laws and regulations

Usets of IEEE Standards-documents should consult all applicable laws and regulations. Compliance ith
the provisions of any IEEE Standards document does not imply compliance to any applicable regulgtory
reqyirements. Implementers of the standard are responsible for observing or referring to the appligable
regylatory requirements. IEEE does not, by the publication of its standards, intend to urge action that i§ not
in cpmpliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws.
They are made available by IEEE and are adopted for a wide variety of both public and private uses. These
include both use, by reference, in laws and regulations, and use in private self-regulation, standardization,
and the promotion of engineering practices and methods. By making these documents available for use and
adoption by public authorities and private users, IEEE does not waive any rights in copyright to the
documents.
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Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to
photocopy portions of any individual standard for company or organizational internal use or individual,
non-commercial use only. To arrange for payment of licensing fees, 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.

Updating-oefHHEEE-Standards-documents

Usets of IEEE Standards documents should be aware that these documents may be superseded at any fime
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrjgenda, or errata. A current IEEE document at any point in time consists of the current‘edition of the
docyment together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every ten years. When a document is more thar] ten
yeats old and has not undergone a revision process, it is reasonable to conclude.that its contents, althqugh
still| of some value, do not wholly reflect the present state of the art. Usef$ are cautioned to check to
determine that they have the latest edition of any IEEE standard.

In drder to determine whether a given document is the current edition and whether it has been amefded
thropgh the issuance of amendments, corrigenda, or errata, visitJEEE Xplore at http://ieeexplore.ieeelorg/
or dontact IEEE at the address listed previously. For morefinformation about the IEEE-SA or IEEE’s
standards development process, visit the IEEE-SA Website athttp://standards.ieee.org.

Ernata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL:
http|//standards.icee.org/findstds/errata/iidex.html. Users are encouraged to check this URL for efrata
peripdically.

Patents

Attantion is called to the-possibility that implementation of this standard may require use of subject mptter
covgred by patent rights. By publication of this standard, no position is taken by the IEEE with respe¢t to
the gxistence orvalidity of any patent rights in connection therewith. If a patent holder or patent applicant
has [filed a stdtement of assurance via an Accepted Letter of Assurance, then the statement is listed o1} the
IEEE-SA_Website at http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may
indifate ‘whether the Submitter is willing or unwilling to grant licenses under patent rights without
confpensation or under reasonable rates, with reasonable terms and conditions that are demonstrably frge of
any unfair discrimination to applicants desiring to obtain such licenses.

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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IEEE Introduction

This introduction is not part of IEEE Std 2416-2019, IEEE Standard for Power Modeling to Enable
System-Level Analysis.

All System-on-Chip (SoC) designs today face power issues of one sort or another—maximizing battery
life, sizing power grids, controlling leakage power, verifying power sequencing, estimating and modeling
power at various abstractions, analyzing electro-thermal effects, and so on.

DeS )il.C glUWillg iudubuy dlld bUhiCLdl COIICCIIIS Wil.h POWCI LUllbulllpLiUll dlld biglliﬁbdlll iudubuy dllCII iOn,
therg has not been a standard way of representing power data for use at the system level, especially-acrass a
range of process, voltage, and temperature (PVT) points in a single model.

The|lack of a complete and robust modeling standard has led to a paucity of power models. Intelleg¢tual
property (IP) vendors, if they produce any power models at all, produce models that ape limited in use|and
application. As a result, designers and other model users struggle with reliably estimating power during
system-level design, ultimately producing SoCs that are less power efficient than they could be. To address
this [situation, a modeling standard addressing data representation is needed to-enable modeling accyrate
and jefficient power and thermal analyses early in the design cycle.

Finglly, this standard has incorporated several prior technologies and speeifications developed and relepsed

by $i2, including Leakage Power Contributor Modeling, Liberty~Mode Extensions for Atomic Pqwer
Modeling, Standards for Efficient System Level Power Analysis, and Multi-level Power Modeling.
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IEEE Standard for Power Modeling
to-Enable System-Level-Analysis——

1. Overview

Evep though IEEE Std 1801™-2015' added power-state modeling capabilities to the most recgntly
relegised specification, data representation was not included as that eapability was explicitly left oyt of
scoge during the IEEE 1801 standardization process. Instead, IEEE Std 1801-2015 assumes andther
stanfard will supply the power data to the state-based model defined in IEEE Std 1801-2015. Figyre 1
illudtrates the power data flow between IEEE Std 1801-2015 and 'this standard.

~
1801
power state
model

FOWEEr eXpr

owexr
call F

2416

power data
model

[P Component
\ Power Model /

Figure 1—Relationship between this standard and IEEE Std 1801-2015

! Information on references can be found in Clause 2.
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1.1 Scope

This standard describes a parameterized and abstracted power model enabling system, software, and
hardware intellectual property (IP)—centric power analysis and optimization. It defines concepts for the
development of parameterized, accurate, efficient, and complete power models for systems and hardware
IP blocks usable for system power analysis and optimization. These concepts include, but are not limited
to, process, voltage, and temperature (PVT) independence; power and thermal management interface; and
workload and architecture parameterization. Such models are suitable for use in software development
flows and hardware design flows, as well as for representing both pre—silicon-estimated
and post-silicon-measured data. This standard also defines the necessary requirements for the information
content—of pm‘ampfpriwﬁr]’ accurate,efficient and r‘nmp]pfp POWEL models to hp]p guide
dev¢lopment and usage of other related power, workload, and functional modeling standards, such as
UPH IEEE Std 1801™-2015, SystemC IEEE Std 1666™-2011, and SystemVefilog
IEEE Std 1800™-2012. Beyond defining the concepts and related standard requirements, this $tandard |also
recqmmends the use of other relevant design flow standards (e,g4) " IP-XACT
IEEE Std 1685™-2014 [B2]?), with the objective of enabling more complete and usable power-ayware
desipn flows.

1.2|Purpose

Thi§ standard supports the ability to develop accurate, efficient, and{interoperable power models| for
complex designs, to be used with a variety of commercial products thtoughout an electronic system degign,
anallysis, and verification flows.

1.3|Key aspects and considerations

Thig standard describes a PVT-independent mod¢ling capability that can serve up power data throughout
the ¢ntire System-on-Chip (SoC) development flow from IEEE 1801 system-level power estimation all the
way| down to gate-level power calculation(Z;Contributor-based modeling techniques are employefl to
achieve PVT independence, and multilevel modeling concepts enable a single model to serve vatgious
abstraction levels. Contributors are separable, summable components of power consumption that depend
on parameters such as transistor widths and stacks, as well as on charging capacitances. Contributors ¢ffer
the [capability to do a “late binding” of specific PVT conditions to an IP model, avoiding the need to
charjacterize the target IP up front-under particular PVT conditions.

Thig standard addresses three separate, but related, modeling concerns: 1) interfaces to other modgling
stanfards, such as IEEE Std 1801-2015, as well as to existing electronic design automation (EDA) t¢ols;
2) persistent dataepresentation and storage; and 3) model evaluation—the conversion of contributor |data
into|energy and{poewer data.

In addition) the following requirements have been identified as being essential to improving both mpdel
gen¢gration and model usage:

—  Direct support for IEEE 1801 IP component power-state model data and interface definitions

— PVT independence: Power data need not be generated at specific PVT points prior to
model evaluation

—  Ability to coexist with legacy power data formats, such as Liberty [B3]

— Ability to model IP blocks of arbitrary complexity as well as logic primitives, such as NANDs,
NORs, and Flip-Flops

? The numbers in brackets correspond to those of the bibliography in Annex A.
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— Ability for a single model to be used in the earliest phases of system design, the latest
implementation phases, and all phases in between

The development and standardization of modeling capabilities addressing these issues can provide benefits
to both model generators, such as foundries and IP providers, and model consumers, such as I[P and SoC
architects, SoC verification teams, and energy-aware software developers. For model generators, this
development enables efficiency in the model generation and support process (in terms of time, compute
resources, and resulting costs). For model consumers, it enables more efficient, reliable, and consistent
power analysis and optimization flows from the beginning of the design process to the end. Additionally,
the “late binding” of specific PVT conditions provides efficiency benefits for model generators and model
consumers alike, including very early stage electrothermal analyses.

1.4|Typographic conventions
Thelfollowing typographic conventions are used in this standard:

— The courier fontindicates examples or key term usage from other languages,” for example,
<Unit name="capacitanceUnit" wvalue="pF" />
— The bold font indicates key terms or symbols, text that shall be-typed exactly as it appears| for
example, the Library definition is an XML element.
— The italic font represents definitions (e.g., Contributors @may be thought of as a foundatipnal
representation) or variables (e.g., min="min value? |where min value is a variable]).
— Square brackets ([]) indicate optional parameters.
— Pipes (]) indicate (and separate) a set of pick-one options. For example, in the following |ine,
EnergyContributor, Expression,\Fable, and Scalar are a (optional) set of picktone
choices to consider:

EnergyContributoxr™)| Expression | Table | Scalar

The|conventions are for ease of reading only. Any editorial inconsistencies in the use of this typography are
unirjtentional and have no normative meaning in this standard.

2. Normative references

Thelfollowing referénced documents are indispensable for the application of this document (i.e., they fnust
be understood afid-used, so each referenced document is cited in text and its relationship to this documept is
explained). For dated references, only the edition cited applies. For undated references, the latest editign of
the yeferenced document (including any amendments or corrigenda) applies.

Acckllera Systems Initiative, “Verilog-AMS Language Reference Manual, Version 2.4.0.” May 30, 20143

IEEE Std 1666™-2011, IEEE Standard for Standard SystemC Language Reference Manual.* °

IEEE Std 1800™-2012. IEEE Standard for SystemVerilog—Unified Hardware Design, Specification, and
Verification Language.

? Verilog-AMS publications are available from the Accellera Systems Inititave (https:/accellera.org/).

4 IEEE publications are available from The Institute of Electrical and Electronics Engineers (http://standards.ieee.org).

* The IEEE standards or products referred to in Clause 2 are trademarks owned by The Institute of Electrical and Electronics
Engineers, Incorporated.
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IEEE Std 1801™-2015, IEEE Standard for Design and Verification of Low-Power Integrated Circuits.

World Wide Web Consortium, “eXtensible Markup Language (XML) 1.0” specification
(http://www.w3.org/TR/REC-xml/).

3. Definitions, acronyms, and abbreviations

3.1 Definitions

For|the purposes of this document, the following terms and definitions apply. The IEEE Standprds
Dictionary Online should be consulted for terms not defined in this clause.’

confributor: A separable component of power consumption represented by proxies, such as.leaking
trangistors and switched capacitances.

confributor evaluator: An expression, or set of expressions, that evaluates a contributor using specifjed
pargmeter values to return power or energy.

datd name: A string that starts with an upper- or lowercase alphabetic‘\character and has 0 or mofe
addftional alphanumeric characters or underscores (_).

expression: A combination of one or more constants, variables,©perators, and functions used to return

a Vque
event: Defines the various energy-consuming activitiesithat may occur for a modeled cell.

mode: Used in conventional gate-level power modéling to describe the logical condition of a cell in which
all sjgnals, including any clocks, are quiescent.

scaled SI units: A string that represents a unit notation that may include a scaling factor prefix and shall
confain a unit suffix.

statp: Used in system-level power modeling to describe the logical condition of a cell in which certgin
signhls, particularly clocks, toggle’at some particular frequency while all other signals are quiescent.

3.2|Acronyms and abbreviations

1P intellectual property
PV process, voltage, and temperature
SO( System-on-Chip

4. Model architecture

The general model architecture is a multilevel architecture, which provides backward compatibility with
existing gate-level models. This architecture also enables a single model, with multiple levels and multiple
representations, to be used at various phases in a design flow. See Figure 2.

¢ XML publications are available from the World Wide Web Consortium (http://www.w3.org).
" IEEE Standards Dictionary Online is available at: http:/dictionary.ieee.org.

Published by IEC under licence from IEEE. © 2019 IEEE. All rights reserved.


http://www.w3.org)./
http://dictionary.ieee.org/
https://iecnorm.com/api/?name=fc8aba6cbd568cbd5a17386d8a637f7d

IEC 63501-2416:2023 © IEC 2023
IEEE Std 2416™-2019 -13 -

System-Level Data |
and Expressions |
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Figure 2—General model architectu,@/c)
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& )

Two modeling levels Q

different modeling levels are provided, gate level @ystem level. Data are represented separatel
level, although data at a lower level may be refe@n d by an upper level.

$
1 Gate level . ®$
K\

gate level provides the storage ofs@a for backward compatibility with legacy modeling approad
as Liberty [B3], in which sta:[i wer and energy data are stored. A cell modeled in this manner
b hard-coded PVT-specific data-or reference contributors. This level uses the Pins (see 6.2), M

6.3), and Events (see 6.4) ents.

¢ power per mo@per supply and energy per event per supply as shown in Figure 2, along
ciated data SW pin names and related information.

X

2 S level

dynamic power per state

y for

hes,
may
bdes

power and energy returned from this level are identical to that provided by Liberty [B3], nangely,

with

The

v&m level provides for interoperability with TEEE 1801 component power-state models

The output from the system level shall be consistent with the IEEE 1801 —-power expr attribute of the
add _power state command, which expects to receive static power and dynamic power for a
defined state. Several inputs (in addition to those required by the gate level) need to be added to provide
this power data, including the operating frequency (and potentially others depending on how the
IEEE 1801 power-state model is defined and parameterized). This level uses the ModelParameters

(see

5.4), CellParameters (see 6.5), and States (see 6.6) elements.

For a voltage-independent, system-level power model, data may be represented by expressions
(see Clause 9) or tables (see Clause 8). Contributor data are accessed through power expressions and the
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Contributor Evaluator (see Figure 2) in a cascaded fashion. The power expressions shall convert PVT-
specific energy and static power into dynamic and static power compatible with
IEEE 1801 requirements.

4.2 Four modeling representations

Energy and power data may be represented by contributors, expressions, tables, or scalars.

4.21 Contributors

Comgributors may be thought of as a foundational representation. With this representation/ power [data
are not stored as absolute numbers of energy or power. Instead, data are stored as different pgwer
conﬁ:ibutors, such as subthreshold leakage contributors, gate leakage contributors,nload capacitince
confributors, and/or crowbar current contributors. In effect, contributors are proxies for‘explicit power data.

A cpntributor’s output may be used with external tools as well as with more abstract views. A sepgrate
exedutable, the Contributor Evaluator, shall convert the contributors for switching energy and leakage
power into PVT-specific energy and power values as needed. Several inputs are required to defind the
opefating conditions under which the power and energy data are to_be returned. These include process
corrjer information, such as %, V7, and po; environmental informatiori siich as temperature and voltagejand
instdnce information, such as input transition time and output load.

Modes, events, and states may each use -contributdrs.” Modes represent static power ulsing
PowerContributors (see 5.7.1) for subthreshold leakage\and gate leakage using contributors, such as
equivalent leaking transistor widths. The contributot\data stored for events represent energy using
EnergyContributors (see 5.7.2) for effective switching capacitances. See Clause 7.

NB| Static power contributors (equivalent leaking transistor widths) are PVT independent, while enprgy
contributors (effective switching capacitances) are only voltage and temperature (VT)independent.
4.2.2 Multidimensional tables

Multidimensional tables may .also be used to represent static power or dynamic power. Tables| are
espdcially useful for representing characterized data (either measured or simulated). See Clause 8.
4.23 Expressions

Expfessions—may be used to represent static power or dynamic power. The expressions may be

pargmeterized with parameters global to the library, local to the cell, or both. Expressions are especjally
usefubduting early system and architecture explorations. See Clause 9.

4.2.4 Scalars

For modeling simplicity, scalars represent power with a single, nonvarying value.
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5. Library-level semantics

This clause details the semantics for storing and interpreting power model data. The semantics are based on
XML elements and attributes (see World Wide Web Consortium, “eXtensible Markup Language (XML)
1.0” specification) with extensions for representing expressions using Verilog-A (see Accellera Systems

Initi.

ative, “Verilog-AMS Language Reference Manual, Version 2.4.0).

The Library is defined as the top level, or root, element and typically contains multiple cells. The
Library definition is an XML element. Each Cell (see 6.1) is defined as a subelement of the Library. The

Lib
subg

5.1

The

one [Library element per library. The components of the library are contained in jts.subelements.

LibA

nanpe (required data name)—Name of the library.

very
con
con

unlg

dat4

megsured, simulated, or estimated. Applics to all Cells (see 6.1) in the library.

<Li

5.2
The
prog

use

Tec

rary element has several subelements associated with it that apply to all cells. Each Cell has sey
lements and attributes that are associated only with the cell in which they are defined.

Library

Library element defines a power model library (as the top-level element), There shall be

ary attributes

ion (optional data name)—User-defined version string.

lition (required data name)—Name of one Model€onditions element (see 5.6) that defines
litions under which any PVT-specific data are valid.)This attribute is valid for all cells in the lib
ss specified at the Cell level (see 6.1).

gen (optional data name)—Description of the data generation method for all data in this library: on
brary name="library namé&’’version="library version”

condition="conditionname”
datagen="measured’/tN\simulated” |”estimated”>

Technology
optional Technology subelement defines the technology for which this library is built. The ¥
esses are defined as Process subelements. The process names and versions can be used to validatg

bf the data-fora particular design.

nolagy attributes

eral

bnly

the
rary

of

197

alid
the

namn

ya - 1 1.4 = | 1
e UCquIIct Udta HdIllC)—ICUHIUIUE Y 11d1IIT.

version (optional data name)—User-defined version string.

Process attributes

name (required data name)—Name of the process corner supported.

version (optional data name)—User-defined version string.
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<Technology name="technology name” version="technology version”>
<Process name="process corner” version="process version”/>
</Technology>

5.3 Units

The required library-level Units element contains the subelement definitions for the set of SI units for
technology, electrical, and environmental parameters, such as the capacitance, voltage, and frequency used
in the models. Each Unit subelement sets the default name and scaled unit value. The values are composed
of an SI unit symbol optionally preceded by a scaling symbol. The name of the unit reflects its use in the

models_or-as a return value of an expression. For example a nower contributor expression could return a
T T T T

value expressed in the powerUnit format, such as mW for milliwatts.

A rgquired unnamed Units element defines the default units for the library. Additional named Units
elenents can be specified to redefine the set of individual units using the name attribufe.” The sgt of
ovetride values in a named Units element shall be accessed by the set name from the unitsSet attribute|of a
Cell element. Values not found in the named Units element shall come from the default Units elengent.
Thig override capability supports the inclusion of models using different units in a single library.

Unils attributes

nan[e (optional data name)—Units group identifier. The first Units eletent in the Library is required|and
shal] not have a name. Additional Units elements are optional and, if present, shall be named. They ghall
imnjediately follow the un-named Units element.

The| Unit element is a subelement of the Units element. ‘Each Unit element sets the default name|and
scalpd unit value for a particular parameter. The units are sealed SI units.

Unii attributes

nanje (required data name)—Unit name for the scaled unit value: one of capacitanceUnit, resistanceUnit,
dimensionUnit, frequencyUnit, powerUnit, energyUnit, voltageUnit, temperatureTkUnit,
temperatureTcUnit, or timeUnit.

valye (required scaled SI unit)—Scal€ and units to scale a numeric value for use by the tools.

The| default Units values can be overridden en masse using the unitsSet attribute on the Cell element
(see|6.1). The values in thesspecified named Units element override all the values in the default set. In|this
casd, an application or design tool shall use the overridden values.

The|overriding $et-of units shall be specified with the unitsSet attribute on Cell elements, which will feset
the |unit valtie$ "everywhere in the cell. The Cell element is the only element that accepts| the
unifsSet aftribute.

CerfainCell-level subelements, such as CellParameter, Index, and Expression, have a units attribufe to
set the value for individual parameters. The value of this attribute is a scaled SI unit. For example, the
CellParameter units attribute defines the expected units of the parameter value. The Expression units
attribute defines the expected units of the returned value. The Index units attribute defines the units of the
Index element values.

Each subelement inherits the unit parameter values of its parent. However, an inherited value shall be
overridden by a subelement’s units attribute. That is, a subelement’s units attribute value takes precedence
over a parent’s value, whether the parent’s value was explicitly specified or inherited. For example, any
unit specification defined within a Cell (see 6.1) takes precedence over that unit specified at the
Library level (see 5.1).
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5.4 ModelParameters

The ModelParameters element contains a set of global parameters for use in power models. Each
ModelParameter subelement defines a parameter by name, assigns an alias to be used when
specifying the parameters in expressions and other subelements, and specifies a value and, optionally, a
range. Certain parameters are required: processCorner, voltage, and temperature (common to all cells).

The Constant subelement can also be used to define constants used in ModelParameters expressions.
When used, a Constant shall be defined before any Parameter definitions.

Constent-attributes

nanpe (required data name)—Constant name.

valye (required numeric value)—Value for the parameter.
Pargmeter attributes

nanpe (required data name)—Model parameter.

aliap (optional data name)—Alias for parameter name; this is useful when specifying the parametets in
othgr elements.

unifs (optional name)—Units defined for the parameter. The units value shall be a scaled SI unit or fefer
to the Library Units (see 5.3). The units value can also-be)the string “Enumerated”, indicatipg a
strig (which could be further restricted).

valye (optional numeric value)—Default value; it is presimed to be a f1oat.
min| (optional numeric value)—Floor of a valid_range of values.

may (optional numeric value)—Ceiling of a*valid range of values.

<MqdelParameters>
<Constant name="constant name” value="constant value”/>

<Parameter names!param name” alias="param alias”

units="param unit” min="units min value” max="units max value”|/>
</ModelParametérs>

5.5|ModelExpressions

The|ModelExpressions element defines reusable expressions for any model calculation. These calculations
may| beviised in parameterized model expressions and/or subexpressions. Expressions are defined using
the Expression subelement. Any expression defined in the ModelExpressions element is global to all
cells in that library and is referenced by name. The value returned by the expression shall be consistent with
the units defined in the Units element (see 5.3).

Expression strings are described using a subset of the Verilog-A syntax (see Accellera Systems Initiative,
“Verilog-AMS Language Reference Manual, Version 2.4.0”). They are described in depthin Clause 9.

Expression attributes

name (required data name)—Name of the expression, used when referencing the expression.
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<ModelExpressions>
<Expression name="expname”> expression string <Expression/>
<File name="ExternalFileName” path="PathNameToFile />
</ModelExpressions>

Complex expressions may be contained in a separate file. To include one or more files in the
ModelExpressions element, use the File subelement. Each file may contain a single expression or multiple
expressions, each defined by its mame. More than one file element may be defined within the
ModelExpressions element. The File elements shall be defined after the Expression elements. The path
attribute to the File element is useful during library development and testing as well as when specifying
design-specific expressions. By default, the path is controlled by the design tool

File|attributes
nanje (required data name)—Name of the file containing the expression, without any path description.

path (required path name)—Relative (to the library installation directory) file patly to the diredtory
confaining the model file.

5.6|ModelConditions

The|ModelConditions element defines the characterization conditions for any “hard” data (PVT-spefific
meafsured or characterized data). Each particular set of characterization conditions shall be named.

ModelConditions attributes

nanje (required data name)—Name of the set of modél conditions.

Confdition attributes

nampe (required data name)—Name or alias of one of the ModelParameters (see 5.4).
valye (required data name)—Value for the parameter.

<MddelConditions namé="condition name” >

<Condition name="P” value="condition value”/>
<Condition name="V” value="condition value”/>
<Condition mndme="T” value="condition value”/>

<Conditidmi'name="F"” value="condition value”/>
</ModelCopnditions>

5.7|ModelContributors

The ModelContributors element contains a list of the various contributors referenced by Cell models
(see 6.1). ModelContributors subelements include the PowerContributor and the EnergyContributor.

Subelements for each contributor define the name, type, and expression used for contributor evaluation
along with assigning voltage parameters to contributor pins, as needed.

<ModelContributors>
<PowerContributor name="contributor name”>

</PowerContributor>
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<EnergyContributor name="contributor name”>

</EnergyContributor>

</ModelContributors>

5.7.

1 Power contributor

The static power contributor is a single four-terminal equivalent transistor from which leaking currents are
calculated according to leakage current equations appropriate for the target technology. The Expression
subelement (see 9.2) defines the expression to be used to convert the power contributor into a power

con:
attri]

PoW

nanje (required data name)—Name of the contributor.

typé
sub

unifs (required data name)—SI units of the value returned when this,RewerContributor is evalua

Dev

typé¢
assQ
mod

The
opti

shal|] be at least three Voltage elements, oheCéach for Vgs, Vds, and Vbs, corresponding to the Gaf

Sou
and
Pow
incl

Voli

name (required data name)—Name of the voltage to be applied to the power contributor: Vgs, Vds, or )

whi

Oneg
prod

umption value. Th¢ cquivalent transistor shall be described by the Device subelement ang
butes and subelements in terms of its type and terminal voltages.

erContributor attributes

(required data name)—Name of the type of the PowerContributor, either gate leakage
hreshold_leakage, one of which must be specified.

jce attributes

(required data name)—Type of transistor used for thesequivalent transistor, usually the name of
ciated simulation program with integrated circuit eémphasis (better known as “SPICE”) trans
el.

Values subelement contains a set of required\Voltage elements, each describing a voltage (an
bnal Temperature element) to be applied to-the device during the evaluation of the contributor. T

‘ce voltage, the Drain to Source voltage, and the Body to Source voltage, respectively. These Vol
(optional) Temperature elementsvare used to describe the conditions under which a partid
erContributor is evaluated. The Temperature element is specified only for those device models
hde an internal self-heating miechanism, such as found in a FDSOT.

age attributes

h corresponds:to'the voltage on the four-terminal equivalent transistor.

or more. Femperature elements may also be defined as appropriate for the contributor and ts
ess, technologies. These elements use Expression subelements (see 9.2) to define their values.

1ts

or

ted.

the
stor

 an
here
e to
fage
ular
that

Vbs,

rget

Te

[peTaTaTe anTibues

name (required data name)—Name of the temperature to apply to the power contributor.

Only expressions shall be assigned to a Voltage or a Temperature element, although the expression may
be as simple as a single operand. The voltage Vds, for example, may be represented by a regression
expression and a set of coefficients, while the voltage Vbs might be assigned a value of 0.0 for a library
in which the n-channel source is wired to the body. See also B.8.
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5.7.2 Energy contributor

The energy contributor is a capacitor from which energy is calculated according to E = CV?. Different
energy-consuming structures, such as wiring capacitances or equivalent capacitance for switching currents,
may be represented with separate and different capacitor contributor types, as defined in the type attribute.
The output load capacitance shall be omitted from equivalent capacitance values as this modeling
paradigm presumes any power tool using this model also accounts for all intercell loading capacitances.

EnergyContributor attributes

ee 6.3

pamel__Name

ent (see 6.4).

le (s ) or Evi
typ¢ (required data name)—Name of the type of the EnergyContributor, either wire cap| or
swifched_cap, one of which must be specified.

<ErjergyContributor name="contributor name” type="contributolk’ type”>
<Expression> EnergyExpression name()</Expression>
</HnergyContributor>

6. Cell declaration semantics

The|cell declaration Cell is the single-cell data model for a given IR block. A cell may have two diffgrent
modeling levels, gate level and system level. Each level may~use different data representations, such as
Contributor (see Clause 7), Expression (see 9.2), Table (see’Clause 8), or scalar (see 4.2.4).

The|gate level is defined by Pins (see 6.2) and Events (see 6.4) and Modes (see 6.3) involving the Rins.
Conjventional gate-level tools require power per modeé’and energy per event descriptions. At the gate lgvel,
static power is described for each mode and dynamic energy is described for each event. Static power|and
dyngmic energy may each be represented by Cemntributors, Expressions, Tables, or scalars.

The|system level is defined by ModelParameters (see 5.4), CellParameters (see 6.5), and States (see .6).
Both static power and dynamic powey are defined for each state. IEEE 1801-compatible system simuldtion
toolp require static power per state{and dynamic power per state. Static power and dynamic power may
eacl) be represented by Contributors, Expressions, Tables, or scalars.

6.1|Cell

Each Cell element-shall have a name defined as an attribute to the cell declaration. Each Cell element may
hav¢ any or-alLof the following subelements: CellParameters (see 6.5), Pins (see 6.2), Modes (see 6.3),
Evepts (sec6.4), or States (see 6.6). It shall also have a number of subelements and other attributes.

The = along h-Modes and Events (see 6-4) are required for cate-level
modeling, while the CellParameters (see 6.5) and States (see 6.6) clements are required for
system-level modeling.

Published by IEC under licence from IEEE. © 2019 IEEE. All rights reserved.


https://iecnorm.com/api/?name=fc8aba6cbd568cbd5a17386d8a637f7d

IEC 63501-2416:2023 © IEC 2023
IEEE Std 2416™-2019 -21-

Cell attributes
name (required data name)—Name of the cell.

condition (optional data name)—Name of one of the Conditions elements (see 5.6) that defines the
process and temperature conditions under which any PVT-specific data are valid. If the condition attribute
is not specified, the Library-level Technology default (see 5.2) shall be used.

unitsSet (optional data name)—Name of one of the named Units elements (see 5.3) that contains
subelement definitions for the set of SI units for various technological, electrical, and environmental

pargmeters Lse of this attribute overrides the defaults set in the unnamed Units element

datggen (optional data name)—Description of data generation method for all data in this Cell:Longe of
megsured, simulated, or estimated. Overrides the Library-level Technology attribute (se¢ 5:2) off the
samp name.

<Cqll name="cellname” condition="condition name”
UynitsSet="units element name”
datagen="measured” |“simulated” |“estimated”>
<Pins ... />

<Modes ... />

<Events />

<CellParameters ... />

<States ... />

</dell>

6.2|Pins

The|Pins subelement contains the list of Pin elements for the pins on the cell. The Pin element desciibes
the pin, and there shall be one Pin element for each pin on the cell. A Pin has no subelements.

Pin jttributes
nanje (required data name)—Name of‘the pin on a cell.

width (optional numeric value)—Width of a multibit pin (specified as a string) using the format of
highest bit:lowest bit. A single bit of the bussed pin is referenced using name|[#].

dirgction (required data name)—Pin direction: one of input, output, inout, or internal. (Intgrnal
represents a signakinternal to the modeled block that is not brought out as an input, output, or inout pin,|

typé¢ (required-data name)—Pin usage: one of clock (an input that functions as a clock signal), tri-stat¢ (an
outpjut that may be put into a high impedance state), signal, inverted (an output that is the logical inversion
of ahother output as specified by the pinReference attribute), primary_power (the primary supply pif for
the ucll), Pl;lllal y_sl Uulld (t}lc Plilllaly élUulld Pill fUl t}lc \.«Cl}), DC\,Ulldal J_PUVVCI (a DUbUlldaly DUJply
pin for the cell, as might be used in a level conversion cell or in an analog mixed-signal cell), or
secondary_ground (a secondary ground pin for the cell, as might be used in a level conversion cell or in
an analog mixed-signal cell).

pinReference (optional data name)—Pin name used with the inverted value of the type attribute to indicate
which pin is the reference, or source, pin for the inversion.

condition (optional data name)—Name of the ModelConditions (see 5.6) under which the pin
capacitances are valid.
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capacitance (optional numeric value)—Numeric value of the pin capacitance.
<Pins>
<Pin name="pin name” width="highest bit:lowest bit”
direction="pin direction” type="pin type”
pinReference="pin name” condition="condition name"”

capacitance="value” />

</Pins>

6.3|Modes

The|Modes element defines the cell’s various functional and power modes, which are describéd”as a lift of
Mogle subelements.

Modes attributes

mufuallyExclusive (optional data name)—Boolean with the value of true or false:

— When the value of mutuallyExclusive is true (the default), all of the modes defined within
that Modes element are mutually exclusive with &ach other. When the value| of
mutuallyExclusive is false, all of the modes defined within that Modes element are non—
mutually exclusive with each other.

— Multiple Modes elements may be defined. If so, each set of modes is non—mutually exclusive with
each other.

defgultMode (optional data name)—Default mode-referenced by name. The default mode is used when
only a subset of the modes within a Modes element is explicitly defined.

initialMode (optional data name)—Initial mode referenced by name. The initial mode is used for
initiplization in probabilistic power calculations when the initial mode cannot be automatically determined.

The|Mode subelement describes the power contributors when the specified logical conditions are met.
Mode attributes
whdn (required data_name)—Logical condition of the Mode, using a logical expression of the cell jpins

and/or signal names. An asterisk “*” shall be used to represent all Modes. Parentheses shall be used, where
needed, to grgup logical operations.

narTe (optional data name)—Assigns a name to the Mode. This name is used when referencing the Modle.

value (optional numeric value)—Scalar representation of the power consumed in that mode; it is
presumed to be a float.

units (optional data name)—SI units of power data values represented in Mode elements.
Modes can be referenced in Event elements (see 6.4) using their name or the value of their when

statement. If the Mode is named, it should be referenced by the name. If the Mode is not named, the only
way to reference the Mode is by its when statement.
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Each Mode element shall contain a when condition attribute and, optionally, a name attribute. It shall also
contain either a value attribute (if the data is a scalar; see 4.2.4) one or more PowerContributor
subelements (see 5.7.1), an Expression (see 9.2) representing power data, or a Table containing power
data (see Clause 8).

<Mode name="mode name” when="logical expression” value="numeric value”

units="power units”>
[<PowerContributor .. /> | <Table .. /> | <Expression .. />]

6.4 Events

The|Events element defines the various energy-consuming events that may occur for the modeled¢cell| An
evenit may be a simple transition on an input or an output pin, on an internal signal, or en.a logical
expiession of various pins or signals. An event may also be an arc—a transition on an input pin I€ading|to a
tranpition on an output pin. An event may also be mode specific (when the cell is in a specific mode).
The|Events element consists of one or more Event subelements. The Event subelement describes when
the Event is evaluated and contains the contributors.

Either the when attribute or the mode attribute may be specified or neither-may be specified, but they ghall
not pe specified together. The when attribute uses a logical expression/p describe the active mode during
whi¢h an event occurs, while the mode attribute describes the activeanode by name. If neither is specified,
then) the Event is not conditional.

Eveft attributes

nanpe (optional data name)—Name used to reference thie"\Event.

whdn (optional data name)—Logical condition fot. the Event using a logical expression of the cell jpins
and/or signal names. An asterisk “*” shall be.used to represent a logical wildcard. Parentheses shall be
used, where needed, to group logical operations.

mode (optional data name)—Name of,a mode that describes the logical condition for the Event.

stylg (optional data name)—Degfines the modeling style that, in turn, defines the rest of the attributef on
the Event. One of pinTransition (Transition to Transition) or of modeTransition (Mode to Mode).

valye (optional numeric/value)—Scalar representation of the energy consumed by that event; |t is
pregumed to be a fLoat.

unifs (optionaldata name)—SI units of energy data values represented in Event elements.

Each Event element shall optionally contain a name attribute, a when condition attribute, a mode attribute,
a styleattribute, and either a pinTransition or a modeTransition attribute.

If the pinTransition attribute is used (see 6.4.1), the inputPin and inputTransition attributes shall
be present for any transition involving an input pin and the outputPin and outputTransition
attributes shall be present for any transition involving an output pin.

If the modeTransition attribute is used (see 6.4.2), the nextMode, trigger, and
triggerTransition attributes shall be present. The Event element shall also contain either a value
attribute (if the data is scalar; see 4.2.4) or one or more EnergyContributor subelements
(see 5.7.2), an Expression (see 9.2) representing energy data, or a Table containing energy data
(see Clause 8).
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Each EnergyContributor (see 5.7.2) shall reference contributors defined in the Library-level
Contributors element (see Clause 7). Table-driven energy modeling can be used to model those circuits
that are not conveniently represented by the equivalent switched capacitance method.

6.4.1 pinTransition

A pinTransition is an event defined by transitions on cell pins or signals. The specified transition may be
on an input pin, an output pin, an internal signal, or a logical combination of pins or signals. The event
may also be described by an arc—a transition on an input leading to a transition on an output pin. A
pin " . o . . <. o both
attriputes. Each transition attribute shall take the value of rising or falling. Each Event element shallfalso
confain one or more EnergyContributor elements (see 5.7.2) that assign an energy contributor (defingdd in
the Library-level Contributors element; see Clause 7) to the Event parent.

pin{ransition attributes

inpqitPin (optional data name)—Name of the input pin or signal whose transition initiates the event.

inputTransition (optional data name)—Transition type on the initiating pin: éng-of rising or falling.
outputPin (optional data name)—Name of the output pin or signal whose transition completes the event.
outputTransition (optional data name)—Transition type on the ¢oncluding pin: one of rising or fallingl

<Evyents>

<Event name="event name” when="logical expression”
style="pinTransition”
inputPin="pin name” inputTramwsition="trans type”
outputPin="pin name” output¥ransition="trans type”
value="numeric value” units="energy units”>

[<EnergyContributor.\y /> | <Table .. /> | <Expression .. />]
</Hvents>

6.4.2 modeTransition
A r1phodeTransition is an event defined by a start mode and a next mode, in essence, a transftion
between modes. The start*mode is defined by the mode attribute (see 6.3), and the next mode is
desdribed by the nextMode attribute.

modeTransition/attributes

nex{Mode<(optional data name)—Name of the mode into which the cell transitions.

triggex (optional data name)—Name of the input pin or signal whose transition initiates the mode changg.

triggerTransition (optional data name)—Transition type on the trigger pin: one of rising or falling.

<Events>
<Event name="event name” style="modeTransition”
trigger="pin name” triggerTransition="transition type”

mode="mode name” nextMode="mode name”
value="numeric value”>
[<EnergyContributor .. /> | <Table .. /> | <Expression .. />]
</Events>
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6.5

CellParameters

The CellParameters element contains the set of parameters (local to the Cell) that defines the system- level
power model. This set shall match, 1-for-1, the parameters specified by -power expr within an
IEEE 1801 power-state model. The scope of each Parameter is only that of the enclosing Cell
(see 6.1). Values for each Parameter subelement are to be passed in for use in Expressions (see 9.2)
and Tables (see Clause 8). However, global defaults shall be set in ModelParameters (see 5.4) by
defining a Parameter with the same name as a Parameter in CellParameters.

CellParameter attributes

nanle (required data name)—Model parameter.

valye (optional numeric value)—Value for the parameter; it is presumed to be a £1oat. If the value i3
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unifs (optional data name)—SI units of power data values represented in States subelements.

mufuallyExclusive (optional data name)—Boolean with the value of true or false.

ified, the Parameter is assigned a value as defined in ModelParameters (see 5.4).
s (optional data name)—SI units defined for the parameter.

llParameters>

<Parameter name="param name” value="param value”

units=“param units”/>

ellParameters>

States

lar to the Modes element (see 6.3), the States element defines the various functional and power s

ystem-level modeling. An asterisk “*” shall be used\to represent all States.

motivation to distinguish between Modes and\States relates to the environments in which the mo
used. The term mode is used in conventional gate-level power modeling to describe the log
lition of a cell in which all signals, including any clocks, are quiescent. By contrast, the term sta
in system-level power modeling tocdescribe the logical conditional of a cell in which certain sigg
cially clocks, toggle at some particular frequency. Thus, mode, at the gate level, indicates static p(
umption, while state, at the system level, indicates both dynamic and static power consumption.

bs attributes

- When the value of mutuallyExclusive is true (the default), all of the states defined w
that States eclement are mutually exclusive with each other. When the value

not

ates

dels
rical
fe is
hals,
wer

thin
of

mutuallyExclusive is fal e, all of the states defined within that States element are 4

on—

mutually exclusive with each other.

each other.

Multiple States elements may be defined. If so, each set of states is non—mutually exclusive with

The States element contains a list of State subelements. Each State element contains the dynamic power
and static power representations. The power values for each State are contained in the subelements
DynamicPower and StaticPower (see 6.7).
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State attributes

name (required data name)—Name used to reference the State.

when (optional data name)—Logical condition of the cell pins and/or internal signals. This when condition
is used for documentation purposes only.

units (optional data name)—SI units of power data values represented in State subelements.

6.7 DynamicPower and StaticPower

The| State clement (see 6.6) contains two power-state subelements, DynamicPower and StaticPoer.
The| DynamicPower subelement defines a value for dynamic power consumed by the State, |and
the StaticPower subelement fills a similar role for static power. The values for DynamicPower |and
StaficPower may be represented by an Expression representing power (see 9.2), a Table containing pgwer
datal (see Clause 8), or a scalar (see 4.2.4).

StatjcPower and DynamicPower attributes

valye (optional numeric value)—Scalar value for power (only used with scalarg):

unifs (optional data name)—SI units of power data values represented i DynamicPower and StaticPdwer
elements.

6.7./1 Scalars
Uselthe following type of meta-syntax when using a scalar'value:

<Sflates mutuallyExclusive="value”>

<State name="state name” when="logical expression”>
<DynamicPower value="sc¢aglar”/>
<StaticPower value="gcalar”/>

</State>

</Jtates>

6.7.2 Expressions

Expfessions representing.the cell’s static and dynamic power consumption are defined in an Expreskion
subglement (see 9.2)“within each DynamicPower and StaticPower element. Each expression may be
defined only as-avfunction of external parameters (such as voltage and frequency) or as a functiop of
botll external-parameters and contributors. The content of the Expression subelement is the algebraic
equation for'ealculating the power. The units of the values returned by the expressions need to be consigtent
with the Gnits set for the data type.

<States MUtUa I yEXCIUS Ive="valuc
<State name="state name” when="logical expression”>
<DynamicPower>
<Expression ... />
</DynamicPower”>
<StaticPower>
<Expression ... />
</StaticPower”>
</State>

</States>
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6.7.3 Tables
Use the following type of meta-syntax to define a Table (see Clause 8 and B.9):

<States mutuallyExclusive="value”>

</Jtates>

7. Contributors

Confributors shall be specified for PVT-independent modeling of static power-per mode and en|

per

71

Eac

PowerContributor attributes

Mo

quaptity (required value)—Number.0f power contributors.

wid

length (required value)-£Gate length.

<Mddes mutuadlyExclusive ="value”>
<Mddes>

nanLe (required data name)—Referencés a PowerContributor from the Library-]

<State name="state name” when="logical expression”>
<DynamicPower>
<Table ... />
</DynamicPower>
<StaticPower>
<Table ... />

</StaticPower>
</State>

pvent of [P primitives, using the PowerContributor and EnergyContributor¢lements.

PowerContributor

elContributors element (see 5.7).

th (required value)—Gate width.

<Mode\name="mode name” when="logical expression”>
<PowerContributor name="contributor name”
quantity="number” width="value” length="value”/>

Prgy

h PowerContributor shall reference contributors defined\in the Library-level Contributors eleent
(see|5.7). Table-driven power modeling (see Clause 8) canibe used to model those circuits that arg
conyeniently represented by the reduced transistor contributor method.

not

evel

</Mode >

</Modes >

When using a Table to represent power contributor data (see Clause 8), the table data shall be
specified over the range of Voltage, Temperature, and Process values or only over Voltage and
Temperature. In the former case, a 3D table with Indices of P, V, and T is used, while the latter case only
requires V. and T as indices.

For

an example of a 2D VT power Table, see B.9.2.
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7.2 EnergyContributor

Each EnergyContributor subelement shall have a name (referencing an EnergyContributor from the
Library-level Contributors element; see 5.7), a quantity, and a capacitance. The units for the
capacitance attribute are specified in the Library-level Units element with the capacitanceUnit (see 5.3).

EnergyContributor attributes

name (required data name)—Name of contributor defined in the Library-level Contributors element
(see 5.7).

quathity (optional value)—Number of contributors.
capjcitance (required value)—Effective switched capacitance for specified contributor.

Sevegral different types of units may be specified for the table data, such as current,’power, swit¢hed
capgcitance, or energy. The units attribute to the Table specifies the data units.

Wh¢n using a Table to represent energy contributor data (see Clause 8), the table data shall be spec]fied
ovet the range of Voltage and Temperature, as illustrated in B.9.3.

8. Tables

The|value of certain elements can be a scalar (see 4.2.4), an expression (see 9.2), or a multidimensipnal
tablg. The Table element (see 8.2) represents a data array.of indexed values. At the lowest (data) levelf the
valdes are compound strings of multiple values contained in the content of RowArray or Row elenjents
(see| 8.4.1), with each element in a row separated, by’a separator character and the rows separated py a
rowSeparator character (see 8.1).

8.1|separator, RowSeparator, and ArraySeparator

The| default separator is the comma (,), and the default rowSeparator is the newline character. These
charfacters are mapped directly from the contents of a comma separated value (CSV) file. Leading|and
traiﬂng whitespace is ignered. The separator character for one-dimensional arrays is independent of the
sepqrator character formultidimensional arrays.

The|separator valfie-for one-dimensional arrays can be set in the Library (see 5.1), Cell (see 6.1), or Thble
(see|8.2) element via a RowSeparator element. This element also defines the valueType of the individual

elempents in the-array.

RowSeparator attributes

separator (optional single character)—Separator character for single-dimensional compound strings. The
default value is a comma (,).

valueType (optional data type)—Datatype individual elements of the compound string: one of string,
float (the default), int, and mixed.

A multidimensional array is built from two-dimensional compound strings. Each string contains the

individual values accessed through the rowIndex and columnIndex. The string is broken into rows and
columns using individual separator characters defined by the ArraySeparator element. This element can
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be used in the Library (see 5.1), Cell (see 6.1), or Table (see 8.2) elements. This element also defines the
valueType of the individual elements of the array.

ArraySeparator attributes

separator (optional single character)—Separator character for single-dimensional compound strings. The
default value is a comma (,).

rowSeparator (optional single character)—Separator character for a compound string that separates the
individual rows. The default value is the new line, or carriage return, character.

floa)
Indg

Ro
com

8.2
The
POSS
and

Ar

Tab

nanje (required data name)—Name of the table’

unifs (required data name)—SI units.of the values of the data array.

seps
defa

rowSeparator (optional-single character)—Separator character for a compound string that separates

indi

val
floa

VaIILeType (optional data type)—Datatype individual elements of the compound string: one of (sty

elewents that define compound data such as Table (see 8.2), Index (see 8.3), Arrays«(see 8.4.2),

for tle contents of that element. The valueType can be specified on the individual Table, Index (see §
T

(the default), int, and mixed.
pendent separator and rowSeparator characters shall be specified as attributes\on indivi

Array (see 8.4.1). When the separator character is set for an individual element,lit is applied t
pound elements in the scope of that element.

valueType

individual values in the compound string are of a specific yalueType; the default is “float”.
ible values for valueType are “float”, “int”, “string”, and““mixed”. The separator, rowSepar4
valueType can be set as attributes on the individual eleménts to override the default or inherited se

ys (see 8.4.2), and RowArray (see 8.4.1) elements:

e attributes

rator (optional single character)—Separator character for single-dimensional compound strings.
ult value is a comma (,).
vidual rows. The default value is the new line, or carriage return, character.

eType (optional data type)—Datatype individual elements of the compound string: one of st
(the default), int, and mixed.

ing,
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<T4

Ble” name="data name” units="SiUnits” valueType="data type”>

<Indices numDimensions="1integer”>
<Index name="data name” units="5iUnits”
value 0, value 1, ... value n
</Index>

</Indices>
“data array”

</Table>

The data array may be specified using either a single 2D RowArray element or a series of 1D Row
elements (see 8.4).
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The indices of the table are defined in the Indices element. The number of dimensions of the table is
defined in the Indices integer attribute numDimensions. The Indices element contains one Index element
for each dimension in the array. Each Index shall be declared in ModelParameters (see 5.4).

The Index defines an individual index for the array. The index is referenced by its name. The contents are a
compound string of individual index values. The default is a comma-separated list of £1oat values.

Indices attributes

nurlDimensions (required numeric value)—Number of dimensions in the data array; this shall ‘b

inte

ber value. There shall be one Index element for each dimension.

Indédx attributes

nanje (required data name)—Unique name used to define the index.

matchingFunction (optional data name)—Name of the function to use when searching for a match in

Ind

bX element.

sepgrator (optional single character)—Separator character for single-dimensional compound strings.
defqult value is a comma (,).

valyeType (optional data type)—Datatype individual elements of the compound string: one of str

floa

k (the default), int, and mixed.

unifs (required data name)—SI units of the values of the data array.

<Irnidices numDimensions="numeric_walue”>

<Index name="data name” uni@s="data name” valueType="data name”>
“values”

</Index>

<Index name="data name”* units="data name” valueType="data name”>
“values”

</Index>

</Indices>

8.4

Data array

Depending o the number of dimensions of the array, the data are contained in a RowArray. For {

or njore dimensions, an Arrays element is required for each dimension beyond 2.

8.4.

£ an

this

The

ing,

hree

1 Two-dimensional tables

A two-dimensional table consists of one RowArray (as illustrated in B.9.4) containing a data array of
rows and columns. The two-dimensional table has two Index elements (see 8.3) used to index the rows and
columns of the data array.

RowArray attributes

rowlIndex (required data name)—Name of the index used to find an individual row in the array.
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columnIndex (required data name)—Name of the index used to find individual elements in the array.

units (required data name)—SI units of the values of the data array.

separator (optional single character)—Separator character for single-dimensional compound strings. The
default value is a comma (,).

rowSeparator (optional single character)—Separator character for a compound string that separates the
individual rows. The default value is the new line, or carriage return, character.

8.4.

Multidimensional tables can be represented in a Table (see 8.2). In the Indices elemént (see 8.3)
numDimensions attribute specifies the number of dimensions and includes an Index subelement for

dim|

For

subglement has an index attribute that defines the Index (see 8.3) uséd’to parse the array. The Ar
element can use a RowArray element (see 8.4.1), containing the actual data in two-dimensional array
a nepted Arrays element to form an additional dimension.

Arrqys attributes

indgx (required data name)—Name of the index used to parse the set of arrays.

unifs (required data name)—SI units of the values of the data array.

sepgrator (optional single character)—Separator character for single-dimensional compound strings.
default value is a comma (,).

rowSeparator (optional single character)—Separator character for a compound string that separates

indi

val
floa

arrgylndex (required data name)—Zero-based index pointer of the containing array.

Arrpys and\RowArrays shall be nested using the index pointer attribute arrayIndex on those elements|

(the default) 1nt and mlxed
2 Multidimensional tables

bnsion. A three-dimensional table has numDimensions set to 3 and contairis’three Index element

each dimension greater than 2, an Arrays element is specified (as,illustrated in B.9.5). Each Ar

vidual rows. The default value'is the new line, or carriage return, character.

eType (optional ddta)type)—Datatype individual elements of the compound string: one of sty
(the default), int, and mixed.

the
ach

rays
Fays
5, Or

The

the

ing,

9. Expressions

Expressions are used when specifying a value to be calculated, such as specifying power consumption
algebraically. Such a representation is especially useful during early system and architecture explorations.

The

expression is evaluated using the current values for the variables, and the result is returned.
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9.1 Expression types

This standard supports two different types of expressions: logical expressions and algebraic expressions.
These expressions may have a global scope for an entire library or may be local to a cell definition. They
may be defined within the library file or in an external file. Expressions may be used by various elements.

9.1.1 Logical expressions

Logical expressions are assigned to the when attribute of elements such as Mode (see 6.3), Event (see 6.4),
and rStateseett deseribe-the—togie Lition ro—coH-pifs-orinternal-sienats—The—expressi

strig consists of pin names; the logical operations AND, OR, NOT, and XOR; and the values 1. 'anfd 0.
Pargntheses are used as separators. For example, the following logical expression describes_d partiqular
mode of a 2-input logic primitive:

<Mdde when=" (And (Not A) (Not B))">
Notg that the logical operators are not binary; they shall operate on any number of pins.

Logjcal expressions are calculated by a power tool to determine whether\@) particular Mode or Eyent
has pccurred.

9.12 Algebraic expressions

Algébraic expressions are used to compute numerical values for library attributes. The expression s{ring
may| be a real number; reference a global expressiong.variable, or parameter; or algebraically reprgsent
a vajlue.

Alggbraic expressions are Verilog-A expressions (see Accellera Systems Initiative, “Verilog-AMS
Lanpuage Reference Manual, Version 2.4.0°7) with real, integer, and string variables using buaiﬂt-in
mathematical functions and references to global Expression elements (see 9.2). The variables are locall (to
the [cell) variables set in the CellParameters element (see 6.5) or global ModelParameters elenjents
(see| 5.4), or they are supplied by thetuser. If different assignments of the variables have the same name,
the Juser set variables override theé-CellParameters, which override the ModelParameters. A variable
witHout a value shall cause the evaluation to fail.

The| ModelExpressions (sece 5.5), PowerContributor (see 7.1), and EnergyContributor (see |7.2)
elenpents contain Expression elements that may be defined using the algebraic expression format if the
expiession can easily. be represented in the XML library. The content of the Expression element confains
the ¢xpression string, for example,

<Expression name="Energy2Power" > Energy*Frequency </Expression>

9.2 Expression element

Expressions representing a cell’s static and dynamic power consumption are defined in an Expression
subelement to the DynamicPower and StaticPower cell-level elements (see 6.7). The content of the
Expression subelement is the algebraic equation for calculating power or a reference call to a global
expression from ModelExpressions (see 5.5).
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Expressions are described using a subset of Verilog-A syntax and support real, integer, and string variables,
plus global expression calls. Array, vector, net, and branch data types, access operators, and functions are
not supported. All operators that are valid for real, integer, and string variables are supported and behave
identically to their Verilog-A equivalents, including logical/conditional operators for real variables and
string operations (including logical equality and concatenation). Expressions may use built-in mathematical
functions (e.g., exp, sqrt, and abs) but not analog filter functions (e.g., ddt or limexp) or system tasks.
See Accellera Systems Initiative, “Verilog-AMS Language Reference Manual, Version 2.4.0” (Chapter 4,
“Expressions”), for more explanation of these constructs.

Parameters specified in IEEE Std 1801-2015 using ~power expr within IEEE 1801 power-state models
may, i i i in the
CellParameters element (see 6.5) or in the Library-level ModelParameters element (see 5.4).

Expression attributes

nanje (required data name)—Name of the expression, used when referencing the expression.

— Required for global expressions; defined in the ModelExpressions element (see 5.5).

- Optional in local expressions; useful for user documentation.

unifs (optional data name)—Sets the units for the value returned by\the expression. This value may
refefence a Units element (see 5.3) or be a scaled SI unit.

<Expression name="exprname” units="powerUnit”>
expressionString

</Hxpression >

For pn example, see 9.4.3.

9.3|ExpressionParameters

Expfessions may reference ExpressionParameters, which in effect serve as local variables. [The

ExpressionParameters element contains one or more Parameters used in the parent element’s Expression
(see|9.2).

Pargmeter attributes
name (required.data name)—Parameter name.

valye (optional data name)—Parameter value.

For pnnexample, see B.6.

9.4 Global and local expressions

Expressions may have a global or a local scope, depending on where they are defined. Global expressions
are defined in the ModelExpressions element (see 5.5) or contained in a file referenced in the
ModelExpressions eclement. Global expressions require a name attribute (see 9.2) that is used when
referencing the expression in another global or local expression. The expression name value shall be unique
in the ModelExpressions element and in any referenced files.
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Local expressions are defined within a Cell (see 6.1) and shall not be referenced for reuse. Local
expressions shall be named but only for identification.

9.4.1 Global expressions

Expressions defined in the Library-level ModelExpressions clement (see 5.5) are globally reusable
expressions. These expressions shall be defined in the content of the Expression subelement (see 9.2) or in
an external file defined by the File subelement (see 5.5). The Expression subelements shall be named
using the name attribute and can be referenced by their name in any other Expression element in

the

ibrarv
o

NOT1
expr|
pow|

For

9.4,

E—Defining global expressions in a file separate from the model library file can be useful Jwher
bssion is composed of multiple complex statements or when there is a need to separate the expressions fron
br models.®

an example, see B.10.2.

2 Referencing a global expression

A global expression is called by name (see 9.2). The expression name” is followed by parentheses

that
valu
valu
Cell
vari

For

shall contain arguments to the expression. The argument values are passed by mame and su
es to variables in the expressions, overriding any default valde for the variable. Other variables get
es extracted from the instance, as supplied by the~user, or defined at the cell level in
Parameters element (see 6.5) or in the Library-levél ModelParameters element (see 5.4).
hbles used in the expression need to have a value if the,expression is to evaluate correctly.

n example, see B.10.2.

9.43 Local expressions

Lochl expressions are expressionsdefined where they are used. They reference global expression
glofjal variables by name (see-9:2). Full parameter names or aliases shall be used. The units for
expfession are optionally specified as an attribute of the containing element. If the units are not speci
theny the units resulting from. the evaluation of the expression are set by the powerUnit attribute in
Library-level Units element (see 5.3).

For pn example, see\B:10.3.

9.4

Full

Contributors

4 Using expressions to reference contributors

h an
h the

(V)
pply
heir
the
All

5 or
the
fied,
the

calling

interest

are referenced by the event or mode of by using

7).
the

EvalEnergyContributor() or EvalPowerContributor() functions, respectively, with the named event or
mode. Use of either function implies evaluation by the Contributor Evaluator (see 4.1.2 and 4.2.1).

For

examples, see B.10.4.

¥ Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to implement
this standard.
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9.4.5 Expression precedence

When a named expression is present in more than one location (locally within a Cell [see 6.1], globally
within the ModelExpressions element [see 5.5], or globally within the File element [see 5.5]), the
following precedence shall be observed:

— Expressions in the ModelExpressions element shall take precedence over similarly named
expressions in the File element.

— Expressions in a Cell element shall take precedence over similarly named expressions in the
ModelExpressions and File elements.
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Annex A
(informative)

Bibliography

Bibliographical references are resources that provide additional or helpful material but do not need to be
understood or used to implement this standard. Reference to these resources is made for informational use
only-

[B1] Dhanwada, N., D. Hathaway, J. Frenkil, W. R. Davis, and H. Demircioglu, “Leakage/pgwer
confributor modeling,” IEEE Design and Test of Computers, vol. 29, no. 2, pp. 71-78, Mar./Apr,2012.

[B2] IEEE Std 1685™-2014, IEEE Standard for IP-XACT, Standard Structure 'for Packaging,
Inteprating, and Reusing IP within Tool Flows.

[B3] Synopsys, Liberty User Guides and Reference Manual Suite, Version 2013.03,and later.’

[B4] World Wide Web Consortium, “eXtensible Markup Language (XML)-schema part 0 specificdtion
(http://www.w3.org/TR/xmlschema-0).

? Liberty publications are available from Synopsys (https:/www.synopsys.com/).
! XML publications are available from the World Wide Web Consortium (http://www.w3.org).
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Annex B

(informative)

Example models

Multiple examples are shown in this annex, along with brief descriptions of pertinent features of each.

B.1

An
only

<!
#44
Ex4

##4

<Li|

Full library example

pxample Library is shown as follows. The example contains all required elements. For brevity’s {

a single Cell element has been included as several different Cells are shown as separate examples:

FHEFARH AR A R AR
mple Library
FHAEHF SR N S

brary name="ExampleLib" version="V3.0b0"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchempaxinstance"
xmlns="OpenLowPower"
xsi:schemalLocation="OpenLowPower ../xsdjSystemLowPower3.0 bl.xsd"
condition="TT 1.0vV_0C 100M"
datagen="measured"

<annotation>
<documentation>
This library file c¢ontains example UPM models.
</documentation>
</annotation>

<Technology name="22EDSOI" version="v1.0">
<Process name£"22nmXCO01lG" version="SS"/>
</Technology>

<=
S i i
The~following 'Units' are the global default Units.

iditiaxEssdsdasassdsddddsdsatatata A RARARRRREEEEEEEEEEEEEEEEE S
-—>
<Units>

<Unit name="capacitanceUnit" value="pF"/>

ake,

St res s tarce it Vvarue=—"otmr"
<Unit name="dimensionUnit" value="nM"/>
<Unit name="frequencyUnit" value="Hz"/>
<Unit name="powerUnit" value="mW"/>
<Unit name="energyUnit" value="pJ"/>
<Unit name="voltageUnit" value="V"/>
<Unit name="temperatureTkUnit" wvalue="K"/>
<Unit name="temperatureTcUnit" wvalue="C"/>
<Unit name="timeUnit” value="S"/>

</Units>
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<=
S i i i
Define the Power Model parameters.
Any parameter needed by an 1801 parameterized model must be

defined here before usage within an expression.
S i
-=>
<ModelParameters>

<Constant name="k" value="1.381le-23"/>

<Constant name="qg" value="1.602e-19"/>

<Parameter name="processCorner" alias="P" units="Enumerated"/>

<Parameter name="temperatureC" alias="Ti"
units="temperatureTcUnit" min="-50" max="150" value="100")/>

<Parameter name="temperatureK" alias="Tk"
units="temperatureTkUnit" />

<Parameter name="voltage" alias="Vi" units="voltageUnit"/>

<Parameter name="internalState" alias="S" units="Enumerated"/

<Parameter name="frequency" alias="F" units="frequéncyUnit"/>

<Parameter name="width" alias="W" units="dimensionUnit”/>

</ModelParameters>

<=

FHAHFE AR AR R

The ModelExpressions element defines expressions for reuse.

In the Leakage Scaling Expression belowj/Ti is the instance
temperature, Vi is the instance Veltfage, Tnom is the nominal,
or characterization, temperature and Vnom is the nominal
voltage.

FHAEH AR R R

-—>

<ModelExpressions>

<Constant name="k! xalue="1.381e-23"/>
<Constant name="g% 'value="1.602e-19"/>
<Expression name="Leakage Scaling Expression"
powerUnit="W">
((Ti/Tnem) ~0.5) *
((1/ (04+ (k*Ti/q) )/ (1/(
(laexp (- (Vi/ (2*k*Ti/q))

0.4+ (k*Tnom/q)))))~0.5%
))*
exp' (- (0.7-(0.4+ (k*Ti/q) ~0.
)))
q)”

+0.08)/(3*k*Ti/q))/
t1-exp (- (Vnom/ (2*k*Ti/gq
exp (- (0.7-(0.4+ (k*Tnom/
</Expression>
</ModéIlExpressions>

5)
) *
0.5)+0.08) / (3*k*Tnom/q) )

A

e E T E T T T T T F T EEEEFEEEEFFEEE L
Define the characterization conditions for cells that have PVT
specific or hard coded data.
xRk
-——>
<ModelConditions name="FF 1.25V 0C 100M">
<Condition name="P" value="FF"/>
<Condition name="Vnom" value="1.25"/>
<Condition name="Tnom" value="273.15"/>
<Condition name="F" value="1e8"/>
</ModelConditions>
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<ModelConditions name="TT 1.0V _0C 100M">
<Condition name="P" value="TT"/>
<Condition name="Vnom" value="1.0"/>
<Condition name="Tnom" value="273.15"/>
<Condition name="F" value="1e8"/>
</ModelConditions>

<ModelConditions name="TT 1.0V _100C 100M">
<Condition name="P" value="TT"/>
<Condition name="Vnom" value="1.0"/>

<Condition name="Tnom" value="373.15"/>
<Condition name="F" value="1e8"/>

</ModelConditions>

<!—

NOTE: For purposes of brevity,
definitions have been removed.

-—>
<ModelContributors>

type="subthreshold leakage">
<Device type="N planar">
<Values>

<Temperature name="Temp t">
<ExpressionRardmeters>

sttt RS
Define a set of Power Contributors to be used cell definitions.

FHAHH A A A A A S 4
all but 2 of the PowerContributor

HHEFFHEEE S N

<PowerContributor name="CONTRIB 1 CHANNEL 2 N 1 NETS"

<Parameter name="coef(0l" value="0.0020694663"/>
<Parameter name="coef02" value="0.0009647095"/>
<Patameter name="coef03" value="0.0004784309"/>
<Rarameter name="coef04" value="0.0110506050"/>
<Parameter name="coef05" value="-20.82448499"/>
<Parameter name="coef06" value="-0.700959%e-5"/>
<Parameter name="coef(07" value="0.3062919%e-5"/>
</ExpressionParameters>
<Expression>
(coef0l - coef02/(W*le-3)) + (coef03 +
coefl4*exp (coef05* (W*1le-3)))*Vi + (coefl6 +
(coefQ7)/ (W*1le-3)) *Tk
</Expression>
</Temperature>
<Voltage name="Vds">
<ExpressionParameters>
<Parameter name="coef08" value="0.0219981429"/>
Porameter Trarme="coe 9 —~Vvatue="00005980254" />
<Parameter name="coefl0" value="0.1052698895"/>
<Parameter name="coefll" value="0.0038615749"/>
<Parameter name="coefl2" value="-0.243442e-4"/>
<Parameter name="coefl3" value="0.2557680e-4"/>
</ExpressionParameters>
<Expression>
(coef08 + coef09/ (W*xle-3)) + (coeflO -
coefll/ (W*1le-3))*Vi + (coefl2 -

(coefll3)* (Wr*le-3)) *Tk

</Expression>
</Voltage>
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<Voltage name="Vgs">
<ExpressionParameters>

<Parameter name="coefl4d" value="0.8028277e-6"/>
<Parameter name="coefl5" value="0.1631028e-6"/>
<Parameter name="coefl6" value="-0.658395e-7"/>
<Parameter name="coefl7" value="0.1277801le-7"/>
<Parameter name="coefl8" value="-0.239969%9e-8"/>
<Parameter name="coefl9" value="0.0628823e-8"/>
</ExpressionParameters>
<Expression>
(coefld + coefl5/ (W*le-3)) + (coefl6 -
o £17 (Tﬂ*‘\ PRI AV L
(coefl8 - coefl9/ (W*le-3))*Tk
</Expression>
</Voltage>
<Voltage name="Vbs">
<ExpressionParameters>
<Parameter name="coef20" value="0(0334021503"/>
<Parameter name="coef2l" value="Q.0006022167"/>
<Parameter name="coef22" value="0.0382726521"/>
<Parameter name="coef23" value="0.0012660644"/>
<Parameter name="coef24" value="-0.749893e-4"/>
<Parameter name="coef25'\value="0.0237484e-4"/>
</ExpressionParameters>
<Expression>
(coef20 - coef2l/@m*Te-3)) +
(coef22 - coef23] Wrxle-3))*Vi +
(coef24 + coef253/ W*le-3)) *Tk
</Expression>
</Voltage>
</Values>
</Device>
</PowerContributor>
<PowerContributor name="E€ONTRIB 2 GATE 1 N" type="gate leakage">
<Device type="N planar">
<Values>
<Voltage name="Vbs">
<EXpressionParameters>
<Parameter name="coefl" value="-0.0427013606"/>
<Parameter name="coef2" value="-0.0635706757"/>
<Parameter name="coef3" value="-3.9393867430"/>
<Parameter name="coef4" value="-7.8243626190"/>
<Parameter name="coef5" value="8.21468563182"/>
<Parameter name="coef6" value="0.00294662222"/>
<Parameter name="coef7" value="0.00385683148"|/>
<Parameter name="coef8" value="-0.0044298706"/>
<Parameter name="coef9" value="0.00648406735"/>
</ExpressionParameters>
Evorassion
(coefl + coef2*exp(coef3* (W*le-3))) + (coefd +

coef5*exp (coef6/ (Wrxle-3)))*Vi +
(coef7 + coef8*exp(coef9/ (W*1le-3)))*Tk
</Expression>
</Voltage>
<Temperature name="Temp t">
<Expression>
0
</Expression>
</Temperature>
<Voltage name="Vds">
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<Expression>
0
</Expression>
</Voltage>
<Voltage name="Vgs">
<Expression>
Vi
</Expression>
</Voltage>
</Values>

</Device>
PoniorCaont w24+ i

<PowerContributor name="CONTRIB 3 GATE 1 P" type="gate leakage!>
<Device type="P planar">
<Values>
<Voltage name="Vbs">
<ExpressionParameters>
<Parameter name="coefl" value="0.20781190044"
<Parameter name="coef2" value="0,05133095381
<Parameter name="coef3" value=">7.6060277496
<Parameter name="coefd" values"0.57411234012"'
<Parameter name="coefb5" value="0.04539081277"
<Parameter name="coef6",value="-6.4205843261"
<Parameter name="coef7 < w¥alue="-0.0015552468"
<Parameter name="coef8" value="-0.0001714597'
<Parameter name="@0ef9" value="-6.8380528934"'
</ExpressionParametefs>
<Expression>
(coefl + coefl¥exp(coef3* (W*le-3))) + (coefd
coefS*exp (€oef6* (Wrle-3)))*Vi + (coef7 +
coef8*expAicoef9* (Wrxle-3)) ) *Tk
</Expression>
</Voltage>
<Temperaturg@ame="Temp t">
<Expression>
0
</Expression>
</Temperature>
<Voltage name="Vds">
<Expression>
0
</Expression>
</Voltage>
<Voltage name="Vgs">
<Expression>
Vi
</Expression>
</Voltage>

Valuo

</Device>
</PowerContributor>
<PowerContributor name="CONTRIB 4 CHANNEL 1 P"
type="subthreshold leakage">
<Device type="P planar">
<Values>
<Temperature name="Temp t">
<ExpressionParameters>

/>
/>
/>
/>
/>
/>
/>
/>
/>

+

<Parameter name="coef0l" value="-0.085666138"/>
<Parameter name="coef02" value="0.0086905359"/>
<Parameter name="coef03" value="0.1260781576"/>
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<Parameter name="coef04" value="0.0461679989"/>
<Parameter name="coef05" value="-0.008749651"/>
<Parameter name="coef06" value="0.0969180178"/>
<Parameter name="coef(07" value="0.0001940220"/>
<Parameter name="coef08" value="-0.000010950"/>
<Parameter name="coef09" value="0.1582359733"/>

</ExpressionParameters>
<Expression>
(coef0l + coefO2*exp (coef03/ (W*le-3))) +

(coef04 + coef05*exp(coefl6/ (W*le-3)))*Vi +
(coef07 + coef08*exp (coef09/ (Wr*le-3))) *Tk

INEVI o .

g
</Temperature>
<Voltage name="Vds">
<ExpressionParameters>
<Parameter name="coefl0" value="-6.94U%h1e-12"/>
<Parameter name="coefll" value="0.9999999999"/>
<Parameter name="coefl2" value="2(905476e-14"/>
</ExpressionParameters>
<Expression>
coefl0 + coefll*Vi + coefl2XTk
</Expression>
</Voltage>
<Voltage name="Vgs">
<ExpressionParameters>
<Parameter name="@oefl3" value="0.0001859923"/>
<Parameter name="goefl4" value="0.0021400175"/>
<Parameter naméz"Coefl5" value="-0.263883438"/>
<Parameter name="coefl6" value="0.0000150604"/>
<Parameter hame="coefl7" value="-0.000428237"/>
<Parametef/mame="coefl8" value="-0.283619759"/>
<Parameter name="coefl9" value="-0.000000717"/>
<Paranieter name="coef20" value="-0.000006675"/>
<Parameter name="coef2l" value="-0.258341190"/>
</ExpressionParameters>
<Expkession>
(coefll3 + coefld*exp (coefls5/ (Wxle-3))) +
(coefl6 + coefl7*exp(coefl8/ (W*le-3)))*Vi +
(coefl9 + coef20*exp (coef2l/ (W*1le-3))) *Tk
</Expression>
</Voltage>
<Voltage name="Vbs">
<ExpressionParameters>
<Parameter name="coef22" value="0.1532846850"/>
<Parameter name="coef23" value="0.0000031389"/>
<Parameter name="coef24" value="0.4984048047"/>
<Parameter name="coef25" value="0.1988633830"/>
<Parameter name="coef26" value="-0.000001849"/>
Darameter name="coef27" value="0 6224635543"/>
<Parameter name="coef28" value="-0.000405297"/>
<Parameter name="coef29" value="0.0001087206"/>
<Parameter name="coef30" value="0.2105971177"/>
</ExpressionParameters>
<Expression>
(coef22 + coef23*exp (coef24/ (Wrxle-3))) +

(coef25 + coef26*exp(coef27/ (W*le-3)))*Vi +
(coef28 + coef29*pow (coef30 - (W*le-3),2))*Tk
</Expression>
</Voltage>
</Values>
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</Device>
</PowerContributor>
<PowerContributor name="CONTRIB 5 CHANNEL 2 N 1 NETS"
type="subthreshold leakage">

<Device type="N planar">

<Values>

<Temperature name="Temp t">
<ExpressionParameters>

<Parameter name="coef0l" value="0.0217902744"/>
<Parameter name="coef02" value="-0.035202996"/>
<Parameter name="coef03" value="0.0626654458"/>
Porvametror oo 1o £040 lue="0_70580006Q5" />
<Parameter name="coef05" value="-17.94880840/>
<Parameter name="coef06" value="-0.769982¢t4"/>
<Parameter name="coef07" value="0.8815349e-4"/>
</ExpressionParameters>
<Expression>
(coef0l + coef02/ (W*xle-3)) + (coefld3 +
coefl4*exp (coef05* (Wrle-3)) ) *ViN+t
(coef06 + coef07/ (Wrxle-3)) *Tk
</Expression>
</Temperature>
<Voltage name="Vds">
<ExpressionParameters>
<Parameter name="coef£08" value="-0.023506391"/>
<Parameter name="@oef09" value="-0.000687161"/>
<Parameter name="¢oefl0" value="0.8930143764"/>
<Parameter naméz"Coefll" value="0.0037462969"/>
<Parameter name="coefl2" value="0.3091028e-4"/>
<Parameter hame="coefl3" value="0.2680432e-4"/>
</ExpressionPanameters>
<ExpressionX
(coefQ8 + coef09/ (W*1le-3)) + (coeflO +
coefll/ (W*le-3))*Vi +
(coefl2 + coefl3* (W*le-3))*Tk
</Expression>
</Voltage>
<Voltage name="Vgs'">
<ExpressionParameters>
<Parameter name="coefl4d" value="0.0000094233"/>
<Parameter name="coefl5" value="0.0000602276"/>
<Parameter name="coefl6" value="0.1423098207"/>
<Parameter name="coefl7" value="-0.404547e-5"/>
<Parameter name="coefl8" value="0.0052073e-5"|/>
<Parameter name="coefl9" value="-0.000000026"/>
<Parameter name="coef20" value="-0.000000342"/>
<Parameter name="coef2l" value="0.1761933998"/>
</ExpressionParameters>
Fvorassion

(coefld + coeflbS5*pow(coeflb -

(W*le-3),2)) +

(coefl7 + coefl8/ (W*le-3))*Vi +

(coefl9 + coef20*pow (coef2l -

</Expression>

</Voltage>
<Voltage name="Vbs">
<ExpressionParameters>

(W*le-3),2))*Tk

<Parameter name="coef22" value="0.2175549235"/>
<Parameter name="coef23" value="-0.189965801"/>
<Parameter name="coef24" value="0.1086394452"/>
<Parameter name="coef25" value="0.2409653409"/>
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<Parameter
<Parameter
<Parameter
<Parameter

name="coef26"
name="coef27"
name="coef28"
name="coef29"

</ExpressionParameters>

<Expression>

(coef22 + coef23*pow(coef24 -

IEC 63501-2416:2023 © IEC 2023
IEEE Std 2416™-2019

value="0.0607190976"/>
value="-22.16430318"/>
value="-0.577307e-3"/>
value="0.0967192e-3"/>

(W*le-3),2)) +

(coef25 + coef26*exp (coef27* (W*le-3)))*Vi +
(coef28 + coef29* (Wrxle-3)) *Tk

</Expression>
</Voltage>
Iolioc
</Device>
</PowerContributor>
<PowerContributor name="CONTRIB 6 CHANNEL 1 N"
type="subthreshold leakage">
<Device type="N_ planar">
<Values>
<Temperature name="Temp t">
<ExpressionParameters>
<Parameter name="coef0l" valuwe="-0.146853839"/>
<Parameter name="coef02" value="-1.155693908"/>
<Parameter name="coef03)\value="-15.12874073"/>
<Parameter name="coef(04"/value="0.0791537150"/>
<Parameter name="coef05" value="0.6446569662"/>
<Parameter name="@oef06" value="-14.78037540"/>
<Parameter name="¢oef07" value="0.0003454224"/>
<Parameter naméz"Coef08" value="0.0030980485"/>
<Parameter name="coef09" value="-16.07366603"/>
</ExpressionParaméters>
<Expression>
(coefl0l*h coef02*exp (coefl03* (W*le-3))) +
(coefQé + coef05*exp (coefl6* (Wxle-3)))*Vi +
(coefl7 + coefl08*exp (coef09* (W*le-3)))*Tk
</Expression>
</Temperature>
<Voltage name="Vds">
<ExpressionParameters>
<Parameter name="coefl0" value="0.0039538766"|/>
<Parameter name="coefll" value="-0.000000002"/>
<Parameter name="coefl2" value="0.9996104963"/>
<Parameter name="coefl3" value="0.0150140533"/>
<Parameter name="coefl4d" value="0.2442505212"/>
<Parameter name="coefl5" value="-1.27672e-05"/>
</ExpressionParameters>
<Expression>
(coefl0 + coefll/pow((W*le-3),5)) +
(coefl2 + coefl3*pow(coefld - (W*le-3),2))*Vi] +
coaflBEXxT

</Vo

</Expression>
ltage>

<Voltage name="Vgs'">
<ExpressionParameters>
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<Parameter
<Parameter
<Parameter
<Parameter
<Parameter
<Parameter
<Parameter

name="coefl6"
name="coefl7"
name="coefl18"
name="coefl19"
name="coef20"
name="coef21"
name="coef22"

value="0.0000091685"/>
value="0.0000007990"/>
value="5.0524833366"/>
value="-0.000003665"/>
value="-0.000003181"/>
value="-0.200945585"/>
value="-0.000000030"/>
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<Parameter name="coef23" value="-0.000000193"/>
<Parameter name="coef24" value="0.1539378757"/>
</ExpressionParameters>

<Expression>
(coefl6 + coefl7*exp(coefl8* (W*le-3))) +
(coefl9 + coef20*exp(coef2l/ (W*le=3)))*Vi +
(coef22 + coef23*pow(coef24 - (W*le-3),2))*Tk
</Expression>
</Voltage>

<Voltage name="Vbs">
<ExpressionParameters>
Poaxamator oo 1o £o001 luye="0Q 255572275Qmn />
<Parameter name="coef26" value="-0.005831548|/>
<Parameter name="coef27" value="0.0685074474"/>
<Parameter name="coef28" value="0.2291718808"/>
<Parameter name="coef29" value="0.0189376669"/>
<Parameter name="coef30" value="0.0501894114"/>
<Parameter name="coef31l" value="-0.622547e-3"/>
<Parameter name="coef32" value="0.0202915e-3"/>
</ExpressionParameters>
<Expression>
(coef25 + coef26*exp (coef2HH)(W*1le-3))) +
(coef28 + coef29*exp (coefl3l/ (W*le-3)))*Vi +
(coef31l + coef32* (Wr1lek8)Y) *Tk
</Expression>
</Voltage>
</Values>
</Device>
</PowerContributor>
<EnergyContributor name='switch&d cap" type="switched cap">
<Expression>
capacitance * Vi * Wi
</Expression>
</EnergyContributor>
<EnergyContributor name="wire cap" type="wire cap">
<Expression>
capacitange~* Vi * Vi
</Expressions
</EnergyContributor>
</ModelContributors>

<!—
S 0 i i
Cell-L&éyvel Power Models
S i i
NOTLE:™ For purposes of brevity, all but 1 cell models have been

removed.
8 0 A
-——>
<Cell name="INV X1">
<Pins>

<Pin name="A" direction="input" type="signal”
capacitance="2.29"/>
<Pin name="ZN" direction="output" type=”signal”/>
<Pin name="VDD" direction="input" type="primary power”/>
<Pin name="VSS" direction="input" type="primary ground”/>
</Pins>
<Modes mutuallyExclusive="true">
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<Mode name="MO" when=" (Not A)">
<PowerContributor name="CONTRIB 6 CHANNEL 1 N"
quantity="1" width="090" length="50"/>
<PowerContributor name="CONTRIB 3 GATE 1 P"
quantity="1" width="135" length="50"/>
</Mode>
<Mode name="M1" when=" (A)">
<PowerContributor name="CONTRIB 2 GATE 1 N"
quantity="1" width="090" length="50"/>
<PowerContributor name="CONTRIB 4 CHANNEL 1 P"
quantity="1" width="135" length="50"/>
</Mode>
</Modes>
<Events>
<Event name="ZNf" inputPin="A"
outputTransition="rising" style="pinTransition!">
<EnergyContributor name="switched cap" quantity="1"
capacitance="-0.248"/>
</Event>
<Event name="ZNr" inputPin="A"
outputTransition="falling" style="pinTkransition">
<EnergyContributor name="switched ‘cap" quantity="1"
capacitance="2.062"/>
</Event>
</Events>
</Cell>
</Uibrary>

B.2 Units examples

The| first Units element (unnamed) defines a setof default units, while the subsequent (named) Units
elenent sets all of the units to meter, kilogramysecond (MKS), overriding the default values, as follows

<Urjits>

<Unit name="capacitanceUnit” value="pF” />
<Unit name="resistangelUnit” value="ohm” />
<Unit name="dimenstonUnit” value="nM" />
<Unit name="frequentyUnit” value="Hz” />
<Unit name="powerUnit” value="nW"” />

<Unit name="é&nergyUnit” value="pJ” />

<Unit name="yoltageUnit” wvalue="V” />

<Unit name=”temperatureTkUnit” value="K” />
<Unit na@me="temperatureTcUnit” value="C” />
<Unitname="timeUnit” value="S" />

</Units>

<Urits” name="MKS”>
<Unit name="capacitanceUnit” wvalue="F" />
<Unit name="resistanceUnit” value="ohm” />
<Unit name="dimensionUnit” value="M" />
<Unit name="frequencyUnit” value="Hz” />
<Unit name="powerUnit” value="W" />
<Unit name="energyUnit” wvalue="J" />
<Unit name="voltageUnit” wvalue="V” />
<Unit name="temperatureTkUnit” value="K” />
<Unit name="temperatureTcUnit” value="C” />
<Unit name="timeUnit” wvalue="S” />

</Units>
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The named set of Units is specified for an individual Cell with the unitsSet attribute. The following
example sets the units for all parameters in the Cell to the values defined in the MKS set:

<Cell name="CPU” unitsSet="MKS”>

</Cell>

Additionally, the units attribute can be used to set a single value (as opposed to using the unitsSet
attribute, which sets values for all the Unit elements in the set). The following units attribute on the States
element is used to set the power unit to milliwatts for all data in all states. In this case, MKS units apply

everywhere in the Cell element. except for power defined in the States element and its subelements:

<Csg

</
The

<Csg

</

If m

11 name="CPU” unitsSet="MKS”>

<States units="mW”>
<State name="Active”>
<DynamicPower value="scalar” />
<StaticPower value="scalar” />
</State>
</States>
ell>
units attribute can also be used to set a units value for a single State, as shown as follows:
11 name="CPU” unitsSet="MKS”>
<States>
<State name="Active” units="mW%>
<DynamicPower value="scalar” />
<StaticPower value="scadar” />
</State>
</States>
ell>

ore specification granularity'is needed, the units attribute may be set on individual DynamicPower

StaticPower elements, as folows:

<Cqll name="CPUY”jyunitsSet="MKS"”>
<Statesx
<Stlate name="Active”>
«DynamicPower value="scalar” units="mwW” />
<StaticPower value="scalar” units="uW” />
</State>
</States>
</Cell>

In this code snippet, the units for this cell are specified to be “MKS,” thus, overriding the defaults.
However, the units for DynamicPower and StaticPower are overridden for the Active state and are
different from each other.

Published by IEC under licence from IEEE. © 2019 IEEE. All rights reserved.

and


https://iecnorm.com/api/?name=fc8aba6cbd568cbd5a17386d8a637f7d

IEC 63501-2416:2023 © IEC 2023
—-48 — IEEE Std 2416™-2019

B.3 AND2 bit-level model with contributors

The following AND gate model uses both PowerContributors and EnergyContributors:

<Cell name="AND2 X1">
<Pins>
<Pin name="Al1l" direction="input" type="signal”
capacitance="1.99"/>
<Pin name="A2" direction="input" type="signal”
capacitance="2.23"/>
Pin name="7N" direction="output" tvpe="signal’”
<Pin name="VDD" direction="input" type="primary power”/>
<Pin name="VSS" direction="input" type="primary ground”/>
</Pins>
<Modes mutuallyExclusive="true">
<Mode name="M00O" when=" (And (Not Al) (Not AZ2))">
<PowerContributor name="CONTRIB 1 CHANNEL 2 N 1 NETS"
quantity="1" width="130" length="50"/>
<PowerContributor name="CONTRIB 2 GATE 1 N" quantity="1"
width="090" length="50"/>
<PowerContributor name="CONTRIB 3 GATE 1/.P" quantity="2"
width="135" length="50"/>
<PowerContributor name="CONTRIB 4 CHANNEL 1 P"
quantity="1" width="135" length="50"(/>
</Mode>
<Mode name="M10" when=" (And Al (Not“A2))">
<PowerContributor name="CONTRIB *5 CHANNEL 2 N 1 NETS"
quantity="1" width="130" length="50"/>
<PowerContributor name="CONTRIB 2 GATE 1 N" quantity="1"
width="090" length="50"/%
<PowerContributor name=%CONTRIB 3 GATE 1 P" quantity="1"
width="135" length="5@"/>
<PowerContributor name="CONTRIB 4 CHANNEL 1 P"
quantity="1" width="135" length="50"/>
</Mode>
<Mode name="MO0Fr"™when=" (And (Not Al) A2)">
<PowerContribttor name="CONTRIB 6 CHANNEL 1 N"
quantity="1" width="130" length="50"/>
<PowerComtributor name="CONTRIB 2 GATE 1 N" quantity="1"
width="130" length="50"/>
<PeowerContributor name="CONTRIB 2 GATE 1 N" quantity="1"
wildth="090" length="50"/>
<PowerContributor name="CONTRIB 3 GATE 1 P" quantity="1"
width="135" length="50"/>
<PowerContributor name="CONTRIB 4 CHANNEL 1 P"
quantity="1" width="135" length="50"/>
</Mode>
<Mode name="M11" when=" (And Al A2)">
<PowerContributor name="CONTRIB 2 GATE 1 N" quantity="2"
width="130" length="50"/>
<PowerContributor name="CONTRIB 6 CHANNEL 1 N"
quantity="1" width="090" length="50"/>
<PowerContributor name="CONTRIB 4 CHANNEL 1 P"
quantity="2" width="135" length="50"/>
<PowerContributor name="CONTRIB 3 GATE 1 P" quantity="1"
width="135" length="50"/>
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</Mode>
</Modes>
<Events>
<Event name="Alr" when=" (And (Not Al) (Not A2))" inputPin="Al"

inputTransition="rising" style="pinTransition">
<EnergyContributor name="switched cap" quantity="1"
capacitance="-1.040"/>
</Event>
<Event name="A2r" when=" (And (Not Al) (Not A2))" inputPin="A2"
inputTransition="rising" style="pinTransition">
<EnergyContributor name="switched cap" quantity="1"
capacitance="-0.948"/>
</Event>
<Event name="Alf" when=" (And Al (Not A2))" inputPin="A1"
inputTransition="falling" style="pinTransition">
<EnergyContributor name="switched cap" quantity="1{
capacitance="1.310"/>
</Event>
<Event name="A2r ZNr" when="(And Al (Not A2))" dAnputPin="A2"
inputTransition="rising" outputPin="ZN"
outputTransition="rising" style="pinTransition">
<EnergyContributor name="switched cap!“.quantity="1"
capacitance="1.733"/>
</Event>
<Event name="Alr ZNr" when=" (And (No% Al) AZ2))" inputPin="AL"
inputTransition="rising" outputPins'"ZN"
outputTransition="rising" style="pinTransition">
<EnergyContributor name="gswitched cap" quantity="1"
capacitance="1.733"/>
</Event>
<Event name="A2f" when=" (And (Not Al) A2))" inputPin="A2"
inputTransition="falling" style="pinTransition">
<EnergyContributoxi name="switched cap" quantity="1"
capacitance="1%026"/>
</Event>
<Event name="ALlfNZNf" when="(And Al A2)" inputPin="Al1l"
inputTransitien="falling" outputPin="ZN"
outputTransition="falling" style="pinTransition">
<EnergyContributor name="switched cap" quantity="1"
capacitance="3.341"/>
</Evertt>
<Event name="A2f ZNf" when="(And Al A2)" inputPin="A2"
inputTransition="falling" outputPin="ZN"
outputTransition="falling" style="pinTransition">
<EnergyContributor name="switched cap" quantity="1"
capacitance="4.034"/>
</Event>
</Events>
</Cells>

B.4 LFSR bit-level model with contributors

A 4-bit LFSR is modeled at the bit level in the following example. This model defines four modes,
according to the states of the input pins: Active, Set, Doze, and Sleep.
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Note that aggregation—the combination of multiple similar contributors into a single equivalent
contributor—can significantly reduce model size but has not been employed in this example. Also, this is
an abstract model; no underlying structure in terms of hierarchy or netlists is defined or implied. Finally,
some of the modes and events have been omitted herein for brevity’s sake:

<Cell name="LFSR">
<Pins>
<Pin name="PW _ENB" direction="input" type="signal”
capacitance="9.998"/>
<Pin name="CLK" direction="input" type="clock”
capacitance="1.991"/>
<Pin name="CLK EN" direction="input" type="signal”
capacitance="2.232"/>
<Pin name="SET" direction="input" type="signal”
capacitance="2.229"/>
<Pin name="OUTN" direction="output" type="signal”/>
<Pin name="VDD" direction="input" type="primary power”/>
<Pin name="VSS" direction="input" type="primary ground”/>
</Pins>
<Modes mutuallyExclusive="false" defaultMode="ACEIVE"
initialMode="ACTIVE">
<Mode name="DOZE" when=" (And (Not PW ENB)/,(Not CLK EN)
(Not SET)) ">
<PowerContributor name="CONTRIB 6 CHANNEL 1 N"
quantity="1" width="130" length="50"/>
<PowerContributor name="CONTRIB~2/GATE 1 N" quantity="1"
width="130" length="50"/>
<PowerContributor name="CONTRIB 2 GATE 1 N" quantity="1"
width="090" length="50"/>
<PowerContributor name="CONTRIB 3 GATE 1 P" quantity="1"
width="135" length="5Q!/>
<PowerContributor name="CONTRIB 4 CHANNEL 1 P"
quantity="1" width="135" length="50"/>
<PowerContributor wame="CONTRIB 6 CHANNEL 1 N"
quantity="1" width="090" length="50"/>

<PowerContributor name="CONTRIB 3 GATE 1 P" quantity="1"
width="185" length="50"/>
</Mode>
<Mode namg=ACTIVE" when="(And (Not PW_ENB) CLK EN (Not SET))">
</Mgde>
<Mode name="SET" when=" (And (Not PW ENB) CLK EN SET)">
< /Mode>
<Mode name="SLEEP" when=" (PW ENB) ">

</Mode>

</Modes>
<Events>
<Event name="Active CLK R" when=" (And (Not PW_ ENB) CLK EN
(Not Set))" inputPin="CLK" inputTransition="rising"

style="pinTransition">
<EnergyContributor name="switched cap" quantity="1"
capacitance="64.167"/>
</Event>
<Event name="Active CLK F" when=" (And (Not PW _ENB) CLK EN
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