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DESIGN AND
VERIFICATION OF
LOW-POWER INTEGRATED CIRCUITS

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all guestions concerning standardization in the electrical and electronic fields. To
this epd and in addition to other activities, IEC publishes International Standards, Technical Spedfications,
Technjical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred, to] as “IEC
Publigation(s)”). Their preparation is entrusted to technical committees; any IEC National Committee |nterested
in thg subject dealt with may participate in this preparatory work. International, governmental [and non-
governmental organizations liaising with the IEC also participate in this preparation.

IEEE $tandards documents are developed within IEEE Societies and Standards Coordinating Committees of the
IEEE Standards Association (IEEE-SA) Standards Board. IEEE develops its standards through a donsensus
develdpment process, which brings together volunteers representing varied viewpoints and interests to achieve
the finjal product. Volunteers are not necessarily members of IEEE and serve without compensation. While IEEE
admin|sters the process and establishes rules to promote fairness in the consénsus development procgss, IEEE
does phot independently evaluate, test, or verify the accuracy of any_ _©f the information contained in its
standgrds. Use of IEEE Standards documents is wholly voluntary. IEEE¢doetiments are made availabje for use
subjedt to important notices and legal disclaimers (see http://standardsTieee.org/IPR/disclaimers.htm| for more
informiation).

IEC copllaborates closely with IEEE in accordance with conditions, determined by agreement betweep the two
organizations.

The fqrmal decisions of IEC on technical matters expressgasyhearly as possible, an international consensus of
opiniop on the relevant subjects since each technical committee has representation from all inter¢sted IEC
Natiorjal Committees. The formal decisions of IEEE on/€ehnical matters, once consensus within IEEE|Societies
and Standards Coordinating Committees has been, reached, is determined by a balanced ballot of materially
interested parties who indicate interest in reviewing the proposed standard. Final approval of [the IEEE
standgrds document is given by the IEEE Standards Association (IEEE-SA) Standards Board.

IEC/IHEE Publications have the form of recommendations for international use and are accepted by IEC
Natiorjal Committees/IEEE Societies in that’sense. While all reasonable efforts are made to ensur¢ that the
technical content of IEC/IEEE Publications is accurate, IEC or IEEE cannot be held responsible for the way in
which|they are used or for any misinterpretation by any end user.

In order to promote international “uniformity, IEC National Committees undertake to apply IEC Pyblications
(incluging IEC/IEEE Publications)-transparently to the maximum extent possible in their national ang regional
publicptions. Any divergence between any IEC/IEEE Publication and the corresponding national of regional
publicption shall be clearly.indicated in the latter.

IEC apd IEEE do not @rovide any attestation of conformity. Independent certification bodies provide gonformity
assespment serviceStand, in some areas, access to IEC marks of conformity. IEC and IEEE are not rgsponsible
for any services _carried out by independent certification bodies.

All us¢rs should ensure that they have the latest edition of this publication.

No liapility\shall attach to IEC or IEEE or their directors, employees, servants or agents including |individual
experfssand members of technical committees and IEC National Committees, or volunteers of IEEE|Societies
and the—Standards—Coordinating—Committees—oitheEEE-Standards—-Assosiation{(HEEE-SA)-Standards Board,
for any personal injury, property damage or other damage of any nature whatsoever, whether direct or indirect,
or for costs (including legal fees) and expenses arising out of the publication, use of, or reliance upon, this

IEC/IEEE Publication or any other IEC or IEEE Publications.

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

Attention is drawn to the possibility that implementation of this IEC/IEEE Publication may require use of
material covered by patent rights. By publication of this standard, no position is taken with respect to the
existence or validity of any patent rights in connection therewith. IEC or IEEE shall not be held responsible for
identifying Essential Patent Claims for which a license may be required, for conducting inquiries into the legal
validity or scope of Patent Claims or determining whether any licensing terms or conditions provided in
connection with submission of a Letter of Assurance, if any, or in any licensing agreements are reasonable or
non-discriminatory. Users of this standard are expressly advised that determination of the validity of any patent
rights, and the risk of infringement of such rights, is entirely their own responsibility.
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International Standard |IEC 61523-4/IEEE Std 1801-2013 has been processed through IEC
technical committee 91: Electronics assembly technology, under the IEC/IEEE Dual Logo
Agreement.

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

IEEE Std

FDIS

Report on voting

1801 (2013)

91/1209/FDIS

91/1228/RVD

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

The IEQ

Technical Committee and IEEE Technical Committee have decided that the-
of this publication will remain unchanged until the stability date indicated on thedE€

ontents
veb site

under "Ihttp://webstore.iec.ch" in the data related to the specific publication. At |this date, the

publicat

on will be

* reconfirmed,
* withdrawn,

* replaced by a revised edition, or
+ amepded.
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Grateful acknowledgment is made to the following for permission to use source material:

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

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

Silicon Integration Initiative, Inc.

[aHas W al D = £ O H £ AW) H 2.0
Vo DUTTITIUTT T UWTT T UTTTTIdU YT UITILAtivTl, VCT oIVl .U

Abstract: A method is provided for specifying power intent for-an electronic design, for pse in
verificption of the structure and behavior of the design in the context of a given power management
archit¢cture, and for driving implementation of that power+tnanagement architecture. The method
supports incremental refinement of power intent specifications required for IP-based design|flows.
Keywprds: corruption semantics, IEEE 1801™, interface specification, IP reuse, isolation, level-
shifting, power-aware design, power domains, (power intent, power modes, power states,
progregssive design refinement, retention, retentien strategies

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

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

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

When pthe—ctectronte dpaiéu antomatton (EDA) iuduoh_y busau \Auaﬁus standards—for—tuse—11r ayuifying,
simulafing, and implementing functional specifications of digital electronic circuits in the ,\J98ps, the
primarly design constraint was the transistor area necessary to implement the required functionality] in the
prevailing process technology at that time. Power considerations were simple and easily, assumed [for the
design|as power consumption was not a major consideration and most chips operated on,asingle volthge for
all furlctionality. Therefore, hardware description languages (HDLs) such as VHDE (IEC 61691-1-1/
IEEE $td 1076™)? and SystemVerilog (IEEE Std 1800™) provided a rich set oficapabilities necessary for
capturing the functional specification of electronic systems, but no capabilities) for capturing the|power
architecture (how each element of the system is to be powered).

As the| process technology for manufacturing electronic circuits continged to advance, power (as a|design
constrgint) continually increased in importance. Even above the 90/m process node size, dynamic|power
consuription became an important design constraint as the functional size of designs increased|power
consurhption at the same time battery-operated mobile systems,*such as cell phones and laptop computers,
becamp a significant driver of the electronics industry)» Techniques for reducing dynamic |power
consurpption—the amount of power consumed to trangition a node from a 0 to 1 state or vice yersa—
becamf commonplace. Although these techniques *affected the design methodology, the changep were
relativgly easy to accommodate within the existing HDL-based design flow, as these techniquep were
primarjly focused on managing the clocking for the design (more clock domains operating at different
frequefcies and gating of clocks when logic in a clock domain is not needed for the active operjational
mode){ Multi-voltage power-management ‘methods were also developed. These methods did not directly
impact the functionality of the desigh, requiring only level-shifters between different voltage ddmains.
Multi-yoltage power domains could)be verified in existing design flows with additional, straight-fprward
extensjons to the methodology.

With process technologies below 100 nm, static power consumption has become a prominent and, i many
cases, dominant design, constraint. Due to the physics of the smaller process nodes, power is leaked from
transisfors even when'the circuitry is quiescent (no toggling of nodes from O to 1 or vice versa). New|design
techniques were/developed to manage static power consumption. Power gating or power shut-off turns off
power [for a_set-of logic elements. Back-bias techniques are used to raise the voltage threshold at which a
transisfor/can/change its state. While back bias slows the performance of the transistor, it greatly feduces
leakagp. “These techniques are often combined with multi-voltages and require additional functizrnality:
power-management controllers, isolation cells that logically and/or electrically isolate a shutdown power
domain from “powered-up” domains, level-shifters that translate signal voltages from one domain to
another, and retention registers to facilitate fast transition from a power-off state to a power-on state for a
domain.

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

4nformation on references can be found in Clause 2.
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Automation Conference (DAC) in June 2006, several semiconductor/electronics companies challenged the
EDA industry to define an open, portable power specification standard. The EDA industry standards
incubation consortium, Accellera Systems Initiative, answered the call by creating a Technical
SubCommittee (TSC) to develop a standard. The effort was named Unified Power Format (UPF) to
recognize the need of unifying the capabilities of multiple proprietary formats into a single industry
standard. Accellera approved UPF 1.0 as an Accellera standard in February 2007. In May 2007, Accellera
donated UPF to the IEEE for the purposes of creating an IEEE standard, and in March 2009, the first version
of the IEEE Std 1801 was released. So this standard, although the second version of the IEEE Std 1801,
represents the third version of what is more colloquially referred to as UPF.
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Notice to users

Laws and regulations

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

Copyrights

This dpcument is copyrighted by the IEEE. It is made available for a wide variety of both/public and private
uses. These include both use, by reference, in laws and regulations, and use inVprivate self-regylation,
standafdization, and the promotion of engineering practices and methods. By ‘making this dog¢ument
availale for use and adoption by public authorities and private users, the IEEE does not waive any rights in
copyright to this document.

ting of IEEE documents

Users pf IEEE Standards documents should be aware that these documents may be superseded at arjy time
by thefissuance of new editions or may be amended fronr'time to time through the issuance of amendments,
corriggnda, or errata. An official IEEE document at afiy point in time consists of the current editior] of the
nt together with any amendments, corrigénda, or errata then in effect. In order to determine whether

a given document is the current edition and whether it has been amended through the issuapce of
amendments, corrigenda, or errata, visit’the IEEE-SA Website at http://standards.ieee.org/index.jitml or

contac} the IEEE at the address listed- previously. For more information about the IEEE Stgndards
Association or the IEEE standards development process, visit IEEE-SA Website at http://standards.igee.org/
index.lhtml.

Erratfa

Errata,|if any, for.this and all other standards can be accessed at the following URL: http:/standards.igee.org/
findstds/erratafindex.html. Users are encouraged to check this URL for errata periodically.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to the
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE-
SA Website at http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate
whether the Submitter is willing or unwilling to grant licenses under patent rights without compensation or
under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair
discrimination to applicants desiring to obtain such licenses.
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Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely their
own responsibility. Further information may be obtained from the IEEE Standards Association.
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Design and Verification of
Low-Power Integrated Circuits

IMPORTANT NOTICE: This standard is not intended to ensure (safety, security, health, or
enviropmental protection in all circumstances. Implementers of thé({standard are responsille for
deternlining appropriate safety, security, environmental, and health practices or regulatory requirdments.

This IEEE document is made available for use subject to impoytant notices and legal disclaimers.| These
notice§ and disclaimers appear in all publications containing this document and may be found unfler the
heading “Important Notice” or “Important Notices and ‘Disclaimers Concerning IEEE Documhents.”
They |can also be obtained on request from IEEE" or viewed at http:/standards.ieee.ong/IPR/
disclaipners.html.

1. Overview

1.1 Scope

This sfandard establishes a fermat used to define the low-power design intent for electronic systems and
electropic intellectual property (IP). The format provides the ability to specify the supply network, switches,
isolatign, retention, and other aspects relevant to power management of an electronic system. The standard
define§ the relationShip between the low-power design specification and the logic design speciffication
captur¢d via otherformats [e.g., standard hardware description languages (HDLs)].

1.2 Purpose

The standard provides portability of low-power design specifications that can be used with a variety of
commercial products throughout an electronic system design, analysis, verification, and implementation
flow.

1.3 Key characteristics of the Unified Power Format

The Unified Power Format (UPF) provides the ability for electronic systems to be designed with power as a
key consideration early in the process. UPF accomplishes this by allowing the specification of what was
traditionally physical implementation-based power information early in the design process—at the register
transfer level (RTL) or earlier. Figure 1 shows UPF supporting the entire design flow. UPF provides a
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consistent format to specify power design information that may not be easily specifiable in an HDL or when
it is undesirable to directly specify the power semantics in an HDL, as doing so would tie the logic
specification directly to a constrained power implementation. UPF specifies a set of HDL attributes and
HDL packages to facilitate the expression of power intent in HDL when appropriate (see Table 4 and
Annex B). UPF also defines consistent semantics across verification and implementation, i.e., what is
implemented is the same as what has been verified.

UPF

HDL |_—G=>
(RTL)

Ti

As indicated in Figure 1, (UPF files are part of the design source and, when combined with the
repres¢nt a complete desigh description: the HDL describing the logical intent and the UPF describ
power [intent. Combined with the HDL, the UPF files are used to describe the intent of the designg
collectjon of sourc€ files is the input to several tools, e.g., simulation tools, synthesis tools, and
verificption tools’ UPF supports the successive refinement methodology (see 4.8) where power
information will grow along the design flow to provide needed information for each design stage.

— | Sumulation tools can read the HDL/UPF design input files and perform RTL power

Synthesis

HE

Simulatieh) Logical Equivalence Checking, ...

1

N
Verilog /@ ’
(Netlist

Verilog /@' >
(Netlist

Figure 1—UPF tool flow

HDL,
ing the
r. This
formal

intent

raware

simulation. At this stage, the UPF may only contain abstract models such as power domains and
supply sets without the need to create the power and ground network and implementation details.

— Synthesis tools can read the HDL/UPF design input files and produce a netlist. The tool or user may
produce a new UPF fileset that, combined with the netlist, represents a further refined version of

same design.

— In those cases where design object names change, a UPF file with the new names is needed. A UPF-
aware logical equivalence checker can read the full design and UPF filesets and perform the checks
to ensure power-aware equivalence.

— Place and route tools read both the netlist and the UPF files and produce a physical netlist,
potentially including an output UPF file.
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UPF is a concise power intent specification capability. Power intent can be easily specified over many
elements in the design. A UPF specification can be included with the other deliverables of IP blocks and
reused along with the other delivered IP. UPF supports various methodologies through carefully defined
semantics, flexibility in specification, and, when needed, defined rational limitations that facilitate
automation in verification and implementation (see Annex E).

A UPF specification defines how to create a supply network to supply power to each instance, how the
individual supply nets behave with respect to one another, and how the logic functionality is extended to
support dynamic power switching to these logic instances. By controlling the states and voltages of the
supplies provided to the supply network, and by controlling the states of power switches that are part of the
supply network, the power management logic of a system can cause each functional region to receive the
power required to complete its computational tasks in a timely manner.

1.4 Use of color in this standard

This standard uses a minimal amount of color to enhance readability. The coloring is10t essential arjd does
not affpct the accuracy of this standard when viewed in pure black and white. The-places where color[is used
are the| following:

— | Cross references that are hyperlinked to other portions of this standard are shown in underlingd-blue
text (hyperlinking works when this standard is viewed interactively as a PDF file).

— | Syntactic keywords and tokens in the formal language definitions are shown in boldface-red fext.

— |Command arguments that can be provided increméntally (layered) are shown in boldface-green
text. See also 5.11.

— | Syntactic keywords and tokens that have beenexplicitly identified as legacy or deprecated corjstructs
(see 6.1) may be shown in brown text.

1.5 Cpntents of this standard

The orpanization of the remainder'ofithis standard is as follows:

— | Clause 2 provides refeteénces to other applicable standards that are presumed or required for this
standard.

— | Clause 3 defines.terms and acronyms used throughout the different specifications contained|in this
standard.

— | Clause-4:describes the basic concepts underlying UPF.

— | Clause 5 describes the language basics for UPF and its commands.

— Clause 6 details the syntax and semantics for each UPF power intent command.

— Clause 7 details the syntax and semantics for each UPF power-management cell command.
— Clause 8 defines a reference model for UPF command processing.

— Clause 9 defines simulation semantics for various UPF commands.

— Annexes. Following Clause 9 are a series of annexes.
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2. Normative references

The following referenced documents are indispensable for the application of this standard (i.e., they must be
understood and used, so each referenced document is cited in the text and its relationship to this document is
explained). For dated references, only the edition cited applies. For undated references, the latest edition of
the referenced document (including any amendments or corrigenda) applies.

IEC 61691-1-1/IEEE Std 1076™, Behavioural languages—Part 1: VHDL Language Reference Manual. 1,2

IEEE Std 1800™, IEEE Standard for SystemVerilog—Unified Hardware Design, Specification, and
Verification Language.3

3. D¢
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finitions, acronyms, and abbreviations
e purposes of this document, the following terms and definitions apply. Ahé [EEE Stq
ary Online [B1] should be consulted for terms not defined in this clause. 4= \Certain terms

d reflect their corresponding definitions in IEEE Std 1800 or IEC 61691<1<1/IEEE Std 1076,
ed in Annex A.(’

pfinitions
component: A component that contains one or more input'teceivers and one or more output
values are functions of the inputs, but whose inputs:and outputs are not directly connected;

onstruct(s) that synthesize(s) to an active componerit,

control signal: A control signal that is currently presenting the value (level) or transition (edg
b or triggers an active component to operate;in a particular manner.

power state: A power state whose ‘logic expression and, if present, supply expression eval
a given time.

y: Any change in the value 0f"a net, regardless of whether that change is propagated to an outp

pr: Any instance between the current scope in the logic hierarchy and its root scope. Wi
scope is a top-level module, it does not have any ancestors. See also: descendant.

mous object: An object that is not named in the context of UPF. Implementations may assign
but such'niames are not visible in the UPF context.

hilatch: A retention element style in which a register’s value is saved to a dedicated latch at

ndards
in this
br they

drivers
or any

¢) that

pate to

ut.

len the

a legal

power-

down and the Tatch value is restored to the register at power-up.

boundary instance: An instance that has no parent or whose parent is in a different power domain.

1EC publications are available from the International Electrotechnical Commission (http://www.iec.ch/). IEC publications are also
available in the United States from the American National Standards Institute (http://www.ansi.org/).

2IEEE publications are available from The Institute of Electrical and Electronics Engineers (http://standards.ieee.org/).
3The IEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics Engineers, Inc.

*IEEE Standards Dictionary Online subscription is available at:

http://www.ieee.org/portal/innovate/products/standard/standards_dictionary.html.

>The numbers in brackets correspond to those of the bibliography in Annex A.

“Information on references can be found in Clause 2.
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component: A physical and logical construction that relates inputs to outputs.

composite domain: A power domain consisting of subordinate power domains called subdomains. All
subdomains in a composite domain share the same primary supply set. Any operation performed on a
composite domain has the same effect as performing the operation on each of its subdomains.
configuration UPF: The UPF specification for an intellectual property (IP) block that defines a particular
configuration of the block for use in a given system. The configuration UPF typically includes the

constraint UPF and extends it with configuration-specific details. Sometimes referred to as golden UPF.

connected: Attached together via a direct connection.

constrLint UPF: The UPF specification for an intellectual property (IP) block that defines constraints that
must b met by any configuration of the IP block used in a larger system. Sometimes referred to.as plgtinum
UPF.

corruption semantics: The rules defining the behavior of logic response to reduction.or disconnedtion of
power [to that logic.

currerjt scope: The design hierarchy location that serves as the immediate ‘eontext for interpretatipn and
executjon of UPF commands. Also, the instance specified by the set_scope Command.

NOTE+See 6.52.7
declarpd: Specified in the HDL explicitly or implicitly via a URF command.

descerldant: Any instance between the current scope in the logic hierarchy and its leaf-level instances.
When the current scope is a leaf-level instance, it do€s not have any descendants. See also: ancestor.

descerldant subtree: A portion of a logic hierarchy, rooted at one instance in the hierarchy, and confaining
that inftance and all of its descendants.

design| hierarchy: A hierarchical structure of nested definitions described in an HDL.
directconnection: A physical wire; or any HDL construct(s) that synthesize(s) to a direct connection.
domaipn port: A port that is.on the interface of a power domain.
driverf The souree ‘0r drain of a transistor, if the drain or source is connected to a power [rail; a
compl¢mentary @metal oxide semiconductor (CMOS) inverter that continually connects a node to pdwer or
ground; any_component that sets the value of its output via a transistor or inverter; a constant assighment;

any combinational logic including a buffer of any kind; any sequential logic; or any HDL construct(s) that
synthepize(s) to such combinational or sequential logic.

driver supply: For a driver that is a transistor, the supply connected to its source or drain; for a driver that
is an inverter, the pair of supplies connected to the source/drain of the transistor pair comprising the inverter;
or for an output of an active component, the related supply set of that output.

electrically equivalent: For supply ports/nets, connected (whether the connections are evident or not in the
design) without any intervening switches, and therefore guaranteed to have the same value at all times from
the perspective of any load; for supply sets/set handles, consisting of a set of electrically equivalent supply
nets for each required function.

"Notes in text, tables, and figures are given for information only and do not contain requirements needed to implement the standard.
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equivalent: A pair of supply nets or a pair of supply sets that are considered to be interchangeable for
certain purposes. See also: electrically equivalent; functionally equivalent.

erroneous: A usage that is likely to lead to an error in the design, but that tools may not be able to detect and
report.

extent (of a domain): The set of instances that comprise a power domain.
feedthrough: A direct connection between two ports on the interface of a power domain, where the

connection involves two ports on the upper boundary, or two ports on the lower boundary, or one of each;
also, a direction connection between two ports of the same leaf-level instance.

feedthjrough port: A port on the interface of a power domain that is part of a feedthrough through that
domaif, or a port on the interface of a leaf-level instance that is part of a feedthrough'‘through that
instange.

functi¢nally equivalent: Functioning identically from the perspective of any load, either as a result of being
electripally equivalent, or due to independent but parallel circuitry.

genergte block: In the HDL code, this represents a level of design hierarchy, although a generate Hlock is
not its¢lf an instance. After synthesis, generate blocks do not exist as an‘independent level of hierarcly. It is
illegal to create any UPF objects in a scope that corresponds to a generate block.

golden] source: The design together with the constraint UPF arid’'the configuration UPF.

golder] UPF: See: configuration UPF.

hard macro: A block that has been completely implemented and can be used as it is in other blockfs. This
may b¢ modeled by an HDL module for verification or as a library cell for implementation.

hierarghical name: A series of names separated by the hierarchical separator character, the finall name
of whith may be any legal HDL name ot"UPF name, and each preceding name is the name of an instgnce or
genergte block in which the following name is declared. See also: hierarchical separator character.

hierarfhical separator character: A special character used in composing hierarchical names. The
hierardhical separator character is a slash (/).

High(onn: The sideof a port connection that is higher in the design hierarchy; the actual signal
associgted with @ formal port definition.

implementation UPF: The UPF specification of how power distribution and control is to be implemented
for a slrstem. The implementation UPF typically includes the configuration UPF for each of the intellectual
property (IP) blocks instantiated in the system. Sometimes referred to as silicon UPF.

inactive: A normally active component in a state in which it does not respond to activity on its inputs. Also,
a control signal that is not currently presenting the value (level) or transition (edge) that enables or triggers
an active component to operate in a particular manner.

instance: A particular occurrence of a SystemVerilog module (see IEEE Std 1800), VHDL entity (see IEC
61691-1-1/IEEE Std 1076), or library cell at a specific location within the design hierarchy.

interface of a power domain: The union of the upper boundary and the lower boundary of the power
domain.
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isolation: A technique used to provide defined behavior of a logic signal when its driving logic is not active.

isolation cell: An instance that passes logic values during normal mode operation and clamps its output to
some specified logic value when a control signal is asserted.

leaf-level cell: An instance that has no descendants, or an instance that has the attribute UPF _is_leaf cell
associated with it.

NOTE—See Table 4.

leaf-level instance: See: leaf-level cell.

level-shifter: An instance that translates signal values from an input voltage swing to a different|output
voltag¢ swing.

live slgve: A retention element style in which the slave latch of a master-slave flip-flop (MSEF) is always on
and th¢refore maintains the value of the MSFF during power-down.

logic Bierarchy: An abstract view of a design hierarchy in which only thgse definitions reprefenting
instanges are included.

LowCpnn: The side of a port connection that is lower in the design hierarchy; the formal port defipition.

lower poundary (of a power domain): The HighConn side of each port of cach boundary instanc¢ in the
extent|of another power domain whose parent is in the extent©f this domain, together with the HighConn
side of each port of any macro cell instance in this power domain, for which the related supply set is

neithet identical to nor equivalent to the primary supply,set of this domain.

map: ldentifies a specific model corresponding to«an abstract behavior. An instance of the model cgn then
be usedl to implement the specific behavior.

modelf A SystemVerilog module, VHDL ‘entity/architecture, or Liberty cell.
named power state: A power state defined using add_power_state, add_port_state, or add_pst_state
for a qupply set or power domain, or the DEFAULT_NORMAL and DEFAULT_CORRUPT |power

states predefined for supply.sets:

net: The individual net segments that make up a collection of interconnections between a collection of
ports. |A net may be named or anonymous.

net segment:<A~direct connection within a single instance.

pareng: The immediate ancestor of a given instance within the logic hierarchy.

passive component: A direct connection; a component that has neither a receiver nor a driver, whose
output is connected to its input, and therefore its output is always the same as its input, e.g., a pass transistor;
or any HDL construct(s) that synthesize(s) to a feedthrough component.

pg_type: An attribute of a port that indicates its use in providing power to a cell.

platinum UPF: See: constraint UPF.

port: A connection on the interface of a SystemVerilog module or VHDL entity. Also, a port on the
interface of a power domain.
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power domain: A collection of instances that are treated as a group for power-management purposes. The
instances of a power domain typically, but do not always, share a primary supply set. A power domain
may also have additional supplies, including retention and isolation supplies.

power

power

rail: The physical implementation of a power supply net.

state: The state of a supply net, supply port, supply set, or power domain.

NOTE—See Clause 4.

power state table (PST): A table that captures the legal combinations of power states for a set of supply

ports and/or supply nets

prima
overrid

receiv
an inp
constr

receiv
source
drain g
primar
of the

'y supply set: The supply net connections inferred for all instances in the power damain,
den.

brr: The gate of a transistor; the input to an inverter; any component whose behayier is determi
it signal; any combinational logic including a buffer of any kind; any sequential logic; or an
ct(s) that synthesize(s) to such combinational or sequential logic.

br supply: For a receiver that is the gate of a transistor, the supply” connected to that tran
or drain; for a receiver that is the input to an inverter, the paircof supplies connected to the
f the transistor pair comprising the inverter; or for a receiver<that is part of an active compong
y supply of the power domain to which that receiver belongs or, in some cases, the secondary
fomponent if it has a secondary supply.

regulator: An instance that takes a set of input supply,nets and provides the source for a set of]

supply

signaly.

retent
memot

retent
retain

rooted
a UPF

root sq
modul

nets. The output voltage is a function of thernput voltages and the logical state of any

on: Enhanced functionality associated with selected sequential elements or a memory su
y values can be preserved during, the power-down state of the primary supplies.

on register: A register that_extends the functionality of a sequential element with the ab)
ts memory value duringithe power-down state.

name: The hierarchical name, relative to the current scope, of an object in the logic hierar
object defined.for*a scope in the hierarchy.

ope: The'topmost scope in the logic hierarchy, which contains an implicit instance of each to

h
L.

unless

ned by
y HDL

bistor’s
bource/
nt, the

supply

output
control

th that

ility to

chy or

p-level

root s

pply driver—Theorigimof a supply; ©-g-, 2T OI-SYSIEIT VOItage Tegulator, bias gemerator 1o

HDL, or an off-chip supply source. See also. supply source.

eled in

root supply source: An input or inout supply port that is not connected to an “upstream” supply net; an
input or inout supply port that is not connected to a root supply source defined in an ancestor scope; an
output or inout supply port that is not connected to a supply source defined in a child scope; a supply set or
supply set handle function that is neither associated with a supply port or supply net (via
associate_supply_set) nor connected to another root supply source (via connect_supply_net).

NOTE—See 6.7 and 6.11.

scope:

An instance in the logic hierarchy.
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silicon UPF: See: implementation UPF.
simple name: An identifier that denotes an object declared in a given scope and is not a hierarchical name.
simstate: The level of operational capability supported by a given power state of a supply set.

sink: A receiver; the HighConn of an input port or inout port of an instance; or the LowConn of an output
port or inout port of an instance.

source: A driver; the LowConn of an input port or inout port of an instance; or the HighConn of an output
port or inout port of an instance.

state dlement: A sequential element such as a flip-flop, latch, or memory element. Also, a conditjonally
stored value in register transfer level (RTL) code from which a sequential element would be inferred.

strategy: A rule that specifies where and how to apply isolation, level-shifting, state retenfion, and buffering
in the fmplementation of power intent.

subdomain: A member of the set of domains comprising a composite powerdomain.

supply function: An abstraction of a supply net in a supply set, the namie of which identifies the purpose of
the coffresponding net in the supply set.

supply net: An HDL representation of a power rail.

supply port: A connection point for supply nets.

supply set: A collection of supply functions that in\aggregate provide a complete power source.
supply source: A supply port that propagates but does not originate a supply value.

switch: An instance that conditionally(connects one or more input supply nets to a single output supply net
accordjng to the logical state of one or more control inputs.

top-leyel instance: An implicitinstance corresponding to a top-level module.

upper [boundary (of axpower domain): The LowConn side of each port of each boundary instanc¢ in the
extent|of this pow€r.domain.

3.2 Apronyms and abbreviations

CMOS complementary metal oxide semiconductor
DFT  Design for Test

EDA  electronic design automation

HDL  hardware description language

1P intellectual property

MSFF master-slave flip-flop
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NMOS N-channel metal oxide semiconductor
PG power/ground

PMOS P-channel metal oxide semiconductor
PST power state table

ROM  Read-only Memory

RTL  register transfer level

SAIF | Switching Activity Interchange Format
SoC System On Chip

Tcl Tool Command Language

UPF | Unified Power Format

VCT | value conversion table

VHDL{ VHSIC hardware description language

VHSIC¢ Very High Speed Integrated Circuit
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4. UPF concepts

This clause provides an overview of concepts involved in defining power intent using UPF. These concepts
include those related to the representation of the design structure and functionality in one or more hardware
description languages (HDLs), as well as those related to power-management structures and functionality
defined for and/or added to the design to model intended power-management capabilities.

The structure and functionality of a design is specified using HDLs such as Verilog [B2], SystemVerilog, or
VHDL. Each HDL may have specific terminology and concepts that are unique to that language, but all
HDLs share some common concepts and capabilities. A typical design may be expressed in one or more
HDLs.

UPF ig defined in terms of a generalized abstraction of an HDL-based design hierarchy. This absll’action
enablep the UPF definition to apply to a design expressed in any of the three HDLs previously mentioped, or
in any |combination thereof, while at the same time minimizing the complexity of the UPE definitiop. This
clause [presents the abstract model and maps it to specific HDL concepts.

UPF i intended to apply to a design as its representation changes from an abstraet functional model to a
concrefe physical model, during which process the power intent expressed in“'UPF becomes realized |as part
of the implementation. Because of this, the abstract logic hierarchy that i§ the basis of the UPF definition
shall bp understood in terms of both functional specification and physicdl implementation.

4.1 Dpsign structure
4.1.1 Transistors

At the [lowest level, UPF focuses on controlling power(or more precisely, voltage and current) delivered to
transisfors. These are usually assumed to be digital complementary metal oxide semiconductor ({MOS)
transisfors, but they could be analog devices™as well or implemented in other technologies. The gate
connedtion of a transistor is a receiver; theSource of the signal provided to a gate (in CMOS, typicglly the
outputfof a P/N transistor pair) is a driver.

4.1.2 $tandard cells

Transigtors are seldom modeled individually in an HDL description; typically, collections of transistors are
repres¢nted by standard(ce]ls that have been developed as part of a particular technology library, which is
usually expressed in.the.Liberty library format (see [B7]). Such cells typically have a primary supply [power
and ground) and may-also have a secondary supply for related behavior (e.g., state retention).

4.1.3 Hard'macros

Alb 1 toan oo d hial 1+ dafs d 1l ool 2 1 tots £ h
101 Ty ay arsSO—COTtanT ara raCtTosST— v irCr prov At protCTCa— Py STOAT T PTOITICTITAtIONS 1O muc

larger and more complex functions. A hard macro may have multiple supplies.

4.2 Design representation
4.2.1 Models

Library elements have corresponding behavioral models for use in simulation. These models may or may
not include power and ground pins for their supplies. Standard cell models are usually written as Verilog
modules and use constructs such as Verilog built-in primitives or user-defined primitives (UDPs) to express
the relatively simple behavior of a standard cell. They may also be written as VHDL design entities (entity/
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architecture pairs) using package VITAL, which provides Verilog-like primitive modeling capabilities. Hard
macro models may be written in either language, using more complex behavioral constructs such as Verilog
initial blocks and always blocks or VHDL processes and concurrent statements.

4.2.2 Netlist

A netlist is a collection of unique instances of standard cells and hard macros, interconnected by nets
(Verilog) or signals (VHDL). Such instances are considered to be leaf-level instances, because their models
are not constructed from an interconnection of subordinate instances, but instead are built using behavioral
or functional HDL statements. A netlist may also include hierarchical instances, i.e., instances of a model
that is itself defined as a netlist.

A powgr/ground (PG) netlist is a netlist containing cell and/or hard macro instances that include*power and
ground pins and a representation of the power and ground supply routing for those instances. A ron-PG
netlist is one that does not include any representation of the power supply network.

4.2.3 Behavioral models

Behavioral models that are written using the RTL synthesis subset of Verilgg,or VHDL are synthefizable
modelg, or soft macros, which can be read by an RTL synthesis tool and mapped to a functionally equjivalent
netlist| Synthesis involves identifying or inferring the state elements needed to implement the specified
behavipr and implementing the combinational logic interconnecting/those elements and the model’s ports.

For mgny synthesizable HDL constructs, synthesis creates combinational or sequential logic elements that
are ultjmately defined in terms of transistors, which in turn‘define drivers and receivers. In particulpr, any
synthepizable statement that involves conditional computation or conditional updating of an output willl most
likely ¢reate logic. In contrast, unconditional assignmi€nt statements and port associations typically r¢sult in
intercgnnect, not logic; for such HDL constructs, ng drivers or receivers are created. In particular, pprts do
not crefate drivers; it is the logic driving a port that creates a driver for the port and for the net associat¢d with
the poft.

4.2.4 HDL scopes

An HIPL model defines one or thore scopes. A scope is a region of HDL text within which names|can be
definedl. Such names are typi€ally visible (i.e., can be referenced) within the scope in which they are defined
and, ir] certain cases, in other scopes (e.g., nested scopes). A Verilog model usually defines a singlg scope
for thel whole model. A VHDL model often defines multiple scopes; one for the whole model, plus other
nested|scopes for process statements and block statements. generate statements in either HDL are also
considpred to benested scopes within the model’s top-level scope.

4.2.5 Design hierarchy

A design hierarchy is constructed by defining one model in terms of interconnected instances of other
models. Each instance represents a subtree of the hierarchy; the boundary between this subtree and its parent
instance is defined by the interface of the model that has been instantiated to create the subtree. The interface
consists of the model's ports, together with the nets associated with those ports for the instance that created
this subtree. In Verilog, a port is defined as having two sides: a HighConn and a LowConn. The LowConn
represents the port declaration in the model; the HighConn represents an instance of that port associated with
an instance of the model, and therefore indirectly the net attached to that port instance. In VHDL, a
somewhat different distinction is made between a “formal” port of a model and the “actual” signal
associated with that port for a given instance of the model. In the context of UPF, regardless of what HDL is
involved, the term LowConn means the (formal) port declaration in the model definition, and the term
HighConn means the port of an instance of a model and by extension the net or signal connected to that port.
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An HDL model that is not instantiated in any other instance is a top model, or simply top. A given design
hierarchy usually contains a single top, but it may contain multiple tops in certain cases (e.g., if the design
and the testbench in a simulation are modeled separately—neither instantiates the other). Each top is
considered to be implicitly instantiated within the root scope. In Verilog, the root scope is $root; in
VHDL, the root scope is the root declarative region. The instance name of such an implicit instance is the
same as the model name.

4.2.6 Logic hierarchy

UPF assumes a somewhat more abstract model of the design hierarchy. This abstract model is called the
logic hierarchy. As usual, the topmost scope is still the root scope and modules that are not instantiated

elsewherearcthetopmmodutes-tamd-mstamcesyof the-hrerarchy—However; i thetogrehrerarchy;each scope
corresponds to a whole instance; internal scopes presented in the design hierarchy are not modgled. In
particylar, HDL generate statements, which are considered to be internal scopes in th¢) respective
language definitions, are assumed to be collapsed into the parent module scope in the logic hierarchy

UPF generally allows references to the names of objects defined anywhere in the subfre¢“descending|from a
given |nstance, when the current scope is set to that instance. Such references lare’called rooted pames,
meanifg they are hierarchical names relative to the current scope. If the ‘design hierarchy cpntains
genefate statements that have been collapsed in the logic hierarchy, then the hierarchical nam¢ of an
object in the logic hierarchy may include simple names that encode the colapsed scope names.

UPF allso uses the logic hierarchy as a framework for locating-the power-management objects ysed to
repres¢gnt power-management concepts, e.g., power domains and’ power state tables (PSTs). Each such
object [is effectively declared in a specific scope of the logi¢\hierarchy, and the name of the scope [can be
used a$ the prefix of the name of the object.

The logic hierarchy can be viewed as a purely coriceptual structure that is independent of the eyentual
physichl implementation. Alternatively, the logic hierarchy can be viewed as an indication of the flopr plan
to be yYsed in the physical implementation. Eithier' view can be used, but it is best to adopt one view| or the
other fpr a given design, because the choicersan affect how the power intent is expressed in UPF.

4.2.7 Hierarchy navigation

In UPF, commands are executed in the context of a scope within the logic hierarchy. The set| scope
commgnd (see 6.52) is usedto navigate within the hierarchy and to set the current scope within| which
commgnds are executed;

Consisgtent with SyStemVerilog $root, the root of the logic hierarchy is the scope in which the top nfodules
are implicitly ifistantiated. Other locations within the logic hierarchy are referred to as the design fop
instange, whiclihas a corresponding design top module, and the current scope.

a hierarchical name relative to the root scope) is an instance in the hierarchy representing a design for which
power intent has been defined, and the design top module is the module for which the UPF file expressing
this power intent has been written. The association between the UPF file and the design top module is
specified in the UPF file using set_design_top (see 6.38); this UPF file is then typically applied to each

instance of that module in a larger system.

The current scope is an instance that is, or is a descendant of, the design top instance (represented by a
relative path name from the design top instance).

The set_scope command (see 6.52) changes the current scope locally within the subtree depending on the
current design top instance/module. Since the design top instance is typically an instance of the design top
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module, they both have the same hierarchical substructure; therefore, set_scope can be written relative to the
module, but still work correctly when applied to an instance. The set_scope command is only allowed to
change scope within this subtree. It cannot scope above the current design top instance.

The design top instance and design top module are initially set by the tool, possibly with direction from the
user. They can be changed by invoking load_upf with the —scope argument (see 6.28). The current scope is
reset whenever the design top instance changes. When load_upf completes, all three variables revert back to
their previous settings.

4.2.8 Ports and nets

Ports define connection points between adjacent levels of hierarchy. In HDL, ports are defined as parf of the
interfafe of a module and therefore exist for each instance of the module. Nets define interconngctions
betwedn a collection of ports. In HDL, nets are defined within a module and therefore exist within each
instande of the module.

A portlhas two sides. The top side is the HighConn side, which is visible to the parenpof the instance{whose
interfafe contains the port. The bottom side is the LowConn side, which is visible internal to the ipstance
whose|interface contains the port.

When j net in the current scope is connected to a port on a child instance, the connection is madd to the
HighCpnn side of the port. When a net in the current scope is connéeted to a port defined on the interfface of
the insfance that is the current scope, the connection is made tothe L owConn side of the port.

A port|can be referenced wherever a net is required. Such areference refers to the LowConn side of the port.
A port|can be thought of as being implicitly connected-te’an implicit net created with the same name{and in
the sarhe scope as the LowConn side of the port.

4.2.9 Connecting nets to ports

In an HHDL description, ports are typically required to pass nets from one level of hierarchy to another. In
UPF, 4 net in the current scope canrbe'connected to the LowConn of any port declared in the same s¢ope or
to the HighConn of any port withinits descendant subtree. If the port is not declared in the same scop¢ as the
net, additional ports, nets, and port/net associations may be created to establish the connection from the net
to the [port. Such implicitly)created ports and nets shall have the same simple name as the ne{ being
connedted unless that name conflicts with the name of an existing port or net; in which case, to avoid p name
confligt, the tool shall-cteate a name that is unique for that scope.

NOTE+—Nets are propagated as necessary through the descendant subtree and may be renamed to avoid name c¢llision;
therefofe, the-saine simple name in different scopes may refer to nets that are independent and unconnected.

Implicltly-created ports and nets should not be referenced directly by IPF commands, since the names of
such ports and nets are not guaranteed to be the same as the original net name. These implicitly created ports
and nets are merely a method of implementing a UPF connection in terms of valid HDL connections, when
the UPF-specified power intent is represented in HDL form.

4.3 Power architecture

A UPF power intent specification defines the power architecture to be used in managing power distribution
within a given design. The power architecture defines how the design is to be partitioned into regions that
have independent power supplies, and how the interfaces between and interaction among those regions will
be managed and mediated.
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4.3.1 Power domains

A power domain is a collection of instances that are typically powered in the same way. In the physical
implementation, the instances of a power domain are typically placed together and powered by the same
power rails. In the logic hierarchy, the instances of a power domain are typically part of the same subtree of
the hierarchy, or of sibling subtrees with a common ancestor, and powered by the same supply nets.

A power domain is defined within a scope (or instance) in the logic hierarchy. The definition of the power
domain identifies the uppermost instances of the domain: those that define the upper boundary of the
domain. For any given instance included in the power domain, a child instance of the given instance is
transitively included in the power domain, unless that child instance is explicitly excluded from this power

domaigrortsexptreitty metaded-mrthedefmtromrofamother powerdommam————————

More formally, a boundary instance of a given power domain is any instance that has no parent (|t is an
implicit instance of a top-level module) or whose parent is in the extent of a different power-domain. It is
possible for one boundary instance of a power domain to be an ancestor of another boundary instancg of the
same fower domain. This occurs when one instance is in the extent of a given poweér domain and poth an
ancest¢r and a descendant of that instance are in the extent of a second power domain’ In this case, bpth the
ancestpr and the descendant may be boundary instances of the second domain. A domain with [such a
structure is referred to as a donut power domain.

The upper boundary of a power domain consists of the LowConn side of each port on each boundary
instande in the domain. The lower boundary of a domain consists ofithe HighConn side of each port gn each
child ipstance that is in some other power domain or is a port'ef a macro cell instance that is ppwered
differently from the rest of the domain. Both boundaries include any logic ports added to the desjgn for
power|management. The interface of a power domain‘consists of the upper boundary and the| lower
boundgry.

The inftance in the logic hierarchy in which a pewer domain is defined is called the scope of the|power
domaif. The set of instances that belong to a power domain are said to be the extent of that power domain.
This distinction is important: while a given instance can be the scope of multiple power domains, it cqn be in
the extent of one and only one power domain. As a consequence of these definitions, all instances within the
extent pf a domain are necessarily within the scope of the domain or its descendants.

A power domain can be eithercontiguous or non-contiguous. In the physical implementation, a configuous
power [domain is one in which*all instances are placed together; a non-contiguous power domain is|one in
which [instances in the domain are placed in two or more disjoint locations. A power domain is configuous
within|the logic hieratchy if it contains a single boundary instance; it is non-contiguous within the logic
hierardhy if it includes multiple boundary instances.

For a hon-centiguous power domain, a connection from an instance in the extent of the power dorhain to
some dther instance in the extent of the domain may need to be routed through another power domailr.

Power domains that share a primary supply set may be composed together to form a larger power domain
such that operations performed on this larger power domain apply transitively to each subdomain. In this
way, unnecessary power domains may be aggregated together and handled as one for simplicity.

After UPF-specified power intent has been completely applied, it is an error if any instance is not included in
a power domain.

4.3.2 Drivers, receivers, sources, and sinks

A logic signal in the design originates at an active component (the driver) and terminates at another active
component (the receiver). Along the way it may pass through ports and nets. The driver and any port it
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passes through on the way to a receiver is considered a source; the receiver and any port it passes through on
the way from the driver is considered a sink. For example, a buffer defines both a source and a sink: the
buffer’s output port is a source; the buffer’s input port is a sink.

A signal traversing a power domain may or may not be driven within the power domain. A port is neither a
driver nor a receiver; it merely propagates a signal across a hierarchy boundary. If a port on the interface of
a power domain is connected directly to another port on the interface of the same power domain, without
going through an active component, the connection between those two ports has neither a driver nor a
receiver in that domain. In this case, the connection is a feedthrough path through that domain.

HDL assignment statements may include delays, which may represent inertial delay (resulting from

Tttt T T Te): > 1S tools
y ignore such delays; therefore, the inclusion of such a delay, whether inertial or transporty.dpes not
by itse]f imply that an active component will be inferred from the assignment. For this reason,.déelays jare not
considgred to create drivers or receivers.

A congjection may be thought to “exist” in a given domain, if a user so chooses, but since’a connectidn is by
definitjon a passive component, it has no driver in the domain in which it exists and therefore is not afffected
or corrupted by the power state of the domain in which it exists.

4.3.3 Isolation and level-shifting

Two ppwer domains interact if one contains logic that is the driver'ef a net and the other contains logic that
is a redeiver of the same net. When both power domains are powered up, the receiving logic should plways
see the driving logic’s output as an unambiguous 1 or O valuejexcept for a very short time when the yalue is
in trangition. The structure of CMOS logic typically ensufés.that minimal current flow will occur when the
input value to a gate is a 1 or 0. However, if the drivingjlogic is powered down, the input to the re¢eiving
logic nhay float between 1 or 0. This can cause significant current to flow through the receiving logic] which
can daage the circuit. An undriven input can alsg*cause functional problems if it floats to an unirjtended
logic vfalue.

To avqid this problem, isolation cells arefinserted at the boundary of a power domain to ensure that re¢eiving
logic always sees an unambiguous 1.01.0 value. Isolation may be inserted for an input or for an output of the
power [domain. An isolation cell opérates in two modes: normal mode, in which it acts like a buffer, and
isolatign mode, in which it clamps its output to a defined value. An isolation enable signal determipes the
operatfonal mode of an isolation cell at any given time.

Two infteracting poweirdomains may also be operating with different voltage ranges. In this case, a Jogic 1
value thight be repfésented in the driving domain using a voltage that would not be seen as an unambiguous
1 in the receiving domain. Level-shifters are inserted at a domain boundary to translate from a lower to a
higher[voltagérange, and sometimes from a higher to a lower voltage range as well. The translation ¢nsures
the logic¢value sent by the driving logic in one domain is correctly received by the receiving logid in the
other domdin

Isolation and level-shifting are often implemented in combination, so one standard cell implements both
functions. UPF includes support for such “combo” cells.

Isolation and level-shifter strategies specify that isolation and level-shifter cells are to be inserted in
specified locations. However, there are some cases where implementation tools may choose not to insert
such cells, or to optimize redundant insertion of such cells. For example, isolation/level-shifters on floating
ports that appear to have no drivers or have constant drivers may be removed or transformed, provided the
resulting behavior is unchanged. To prevent implementation tools from applying such optimizations,
isolation and level-shifting strategies can instead specify the respective cells are to be inserted regardless of
optimization possibilities.
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4.3.4 State retention

State retention is the ability to retain the value of a state element in a power domain while switching off the
primary power to that element, and being able to use the retained value as the functional value of the state
element upon power-up. State retention can enable a power domain to return to operational mode more
quickly after a power-down/power-up sequence and it can be used to maintain state values that cannot be
easily recomputed on power-up. State retention can be implemented using retention memories or retention
registers. Retention registers are sequential elements (latches or flip-flops) that have state retention
capability.

For a retention register, the following terms apply:

— | Register value is the data held in the storage element of the register. In functional mode, ¢hi value
gets updated on the rising/falling edge of clock or gets set or cleared by set/reset dignals,
respectively.

— | Retained value is the data in the retention element of retention register. The retention element is
powered by the retention supply.

— | Output value is the value on the output of the register.

Depenfling on how the retained value is stored and retrieved, there are @t Ieast two flavors of refention
registeys, as follows:

a) | Balloon-style retention: In a balloon-style retention register,” the retained value is held| in an
additional latch, often called the balloon latch. In thi$ case, the balloon element is not|in the
functional data-path of the register.

b) | Master/slave-alive retention: In a master/slave-alive retention register, the retained value is held in
the master or slave latch. In this case, the retefition element is in the functional data-path|of the
register.

A ballpon-style retention register typically has‘additional controls to transfer data from a storage element to
the balloon latch, also called the save step,(and transfer data from the balloon latch to the storage element,
also cdlled the restore step. The ports to(control the save/restore pins of the balloon style retention fegister
need tqg be available in the design to-deséribe and implement this style of registers.

A mastfer/slave-alive retention tegister typically does not have additional save/restore controls as the ftorage
element is the same as the retention element. Additional control(s) on the register may park the regisfer into
a quiegcent state and protect some of the internal circuitry during power-down state, and thus enspire the
retentipn state is maintained. The restore in such registers typically happens upon power-up, again oying to
the storage element‘being the same as the retention element. Thus, this style of registers may not $pecify
save/rdstore signals, but may specify a retention condition that could take the register in and out of retention.

4.4 Ppwer distribution

The electric current transported by a supply net originates at a root supply driver, which may be an on-chip
voltage regulator, a bias generator modeled in HDL, or an off-chip supply source. A root supply driver’s
value may be conditionally propagated by a switch (modeled in HDL or created in UPF, see 6.18).

A root supply source (see 3.1) has an implicit root supply driver associated with it. Initially, the root supply
driver drives the root supply source with the value {OFF, unspecified}. The package UPF functions
supply on and supply off may be called to change the driving value of the root supply driver that
drives a root supply source. It shall be an error if either of these functions is applied to an object that is not a
root supply source. A root supply driver may also be created and manipulated via functions defined in
package UPF (see Annex B).
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A supply net may have one or more supply sources, depending upon its resolution type. During UPF
processing, if the number of sources connected to a supply net do not conform to the requirements of its
resolution type, an error shall be reported. At any given time during simulation, if the sources of a supply net
do not conform to the requirements of its resolution type, the resolved value of the supply net at that time is
set to {UNDETERMINED, unspecified}.

A power switch may have one or more input supply ports and one output supply port. Each input supply port
may have one or more state definitions. At any given time during simulation, if the state definitions of a
given input supply port are contradictory, or if multiple incompatible inputs are enabled at the same time, or
if any input supply port is in an error state, the resolved value of the output supply port at that time is set to
{UNDETERMINED, unspecified}.

The sgmantics defined in this standard, such as the supply net resolution functions, presume_an, idpalized
supply| network with no voltage drop; the semantics for supply network resolution with modeled-Yoltage
drop afe outside the scope of this standard.

4.4.1 Supply network elements
Supply network objects (supply ports, supply nets, and switches) are created within the logic hierafchy to
providg connection points for a root supply and to propagate the value of a'foot supply throughout a portion

of the |[design. Supply network objects are created independent of power-domain definitions. This [allows
sharing of common components of the supply distribution network dcross multiple power domains.

4.4.1.1 Supply ports and nets

Supply} ports provide a connection point for supply nets Where they cross a hierarchy boundary. Suply nets
can be|used to create a connection between two supply ports or from a supply port to an instance within a
power |[domain.

Supply ports and nets may be created in UPF or in the HDL design. If created in the HDL, the por{ or net
shall b of the supply net type defined inlthe appropriate package UPF (see Annex B).

4.4.1.2 Supply switches

Supply switches conditionally propagate the value on an input supply port to an output supply port,
depending upon the value.of a control signal. A supply net may be connected to one or more power switches
or supply ports, which-may be connected to one or more root supply drivers.

4.4.1.3 Supply.sets

A supplyns€t represents a collection of supply nets that provide a complete power source for one or more
instances. Each supply set defines six standard functions: power, ground, pwell, nwell, deeppwell, and
deepnwell. Each function represents a potential supply net connection to a corresponding portion of a
transistor. Each function of a given supply set can be associated with a particular supply net that implements
the function.

A global supply set is one that is defined in a given scope and associates supply nets with its functions. One
or more local supply sets, called supply set handles, can be defined for a power domain, a power switch, an
isolation strategy (see 6.41), a level-shifting strategy (see 6.43), or a retention strategy (see 6.49). A supply
set can be associated with a supply set handle as a whole; the functions of a supply set handle can be broken
out and connected to ports of instances. This association creates a connection between the supply nets
represented by corresponding functions of the supply set and supply set handle.
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A supply set function is equivalent to a supply net and may be used anywhere a supply net is allowed. The
supply set function represents the supply net that is or will be associated with that function of the supply set.
The supply set function reference is a symbolic name for the supply net it represents.

A reference to a supply net by its symbolic name is an indirect reference.

NOTE—A supply net may be associated with a function of more than one supply set. The function that a given supply
net performs in one supply set is unrelated to the function it may perform in any other supply set.

4.4.2 Supply network construction

Supply ports and nets are interconnected to create a supply network. Certain definitions and restrictions
constrgin how these interconnections are made.

4.4.2.1 Supply sources and loads

Supply ports define supply sources and supply loads, as follows:

— | The LowConn of an input or inout port is a supply source. The HighConn,of an output or inqut port
is a supply source (including a switch output).

— | The LowConn of an output or inout port is a load. The HighConn of ‘an’input or inout port iy a load
(including a switch input).

A port|that is neither a top-level port nor a leaf-level port is an intetnal (hierarchical) port.
4.4.2.2 Supply port/net connections

Conneftions are made from nets to ports
a) | from a net to (the LowConn of) a port declated in the same scope; or
b) | from a net to (the HighConn of) a port declared in a lower scope; or

¢) | from a net to a pin of a leaf cell.
The LegwConn of a port may be used.as-an implicit net and connected to another port.
Only dne net connection can be made to the LowConn of a port. Likewise, only one net connection|can be
made fo the HighConn of @pert. A source can be connected to a net that is in turn connected to njultiple
loads.

4.4.2.3 Supply net-resolution

A suppjly net'may be unresolved or resolved, as follows:

— | Antunresolved supply net shall have only one supply source connection.

— Arresolved supply net may have multiple supply source connections. The resolution type may restrict
how many supply sources can be on at the same time.

A supply net may have any number of load connections.

4.4.2.4 Supply net / supply set connections

Related supply nets can be grouped into a supply set, with each supply net in the group providing one or
more functions of the supply set. The supply net corresponding to a given function of a supply set can be

specified when the supply set is created or updated (see 6.22). One supply set may be associated with
another supply set (see 6.7); this implicitly connects corresponding functions together and therefore it also
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implicitly connects the supply nets associated with corresponding functions and any instance ports to which
those functions are connected.

4.4.2.5 Supply set function connections

Supply functions of a supply set, and the supply nets they represent, can be connected to instances in one of
the following ways: explicitly, automatically, or implicitly. Connections are made downward, from ports or

nets in

the current scope to ports of descendant instances that are in the extent of the domain.

4.4.2.5.1 Explicit and automatic connections

An exj
also 6.

An au

on the pg yypeof each port, as indicated by the UPF_pg_type attribute ((see 6.46)

Liberty

For au
a)
b)
¢)
d)
e)
f)

4.4.2.
An im
have e

4.2.9.

Implic

a)

b)

licit connection connects a given particular supply set function directly to a specified supply p
|1 and 6.12.

omatic connection connects each supply set function to ports of selected instances,

' pg_type attribute.

omatic connections, the default connection semantics for each functien of a supply set are as f
power is connected by default to ports having the pg_type primary power.
ground is connected by default to ports having the pg_type(primary ground.
pwell is connected by default to ports having the pg type “pwell.
nwell is connected by default to ports having the pg<type nwell.
deeppwell is connected by default to ports having,the pg type deeppwell.
deepnwell is connected by default to ports having the pg fype deepnwell.

b.2 Implicit connections

blicit connection connects the pewer and ground functions of a supply set to cell instances that]
kplicit supply ports. Such cofinections may involve implicit creation of ports and nets, as desc]

t supply set conngetions are made in each of the following cases:
Primary supply set

The funetions of a domain’s primary supply set are implicitly connected to any instance in thd
of the.demain if the instance has no supply ports defined on its interface.

Reétention supply set

rt. See

based
r the

llows:

do not
ibed in

extent

¢)

d)

Fefunctionsof @ Tetention strategy s suppty setare tmpiicitty conmmectedtothestatectermment that

implements retention functionality (e.g., a balloon latch, shadow register, or live slave latch) for any

register in the domain to which the strategy applies.

Isolation supply set

The functions of a supply set for an isolation strategy are implicitly connected to the corresponding

isolation cell implied by the application of the strategy.
Level-shifter supply sets

The functions of a supply set for a level-shifting strategy are implicitly connected as appropriate to

the input, output, or internal supply pins of any level-shifter implied by the application
strategy.

of the
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After UPF-specified power intent has been completely applied, it shall be an error if any instance in the
design does not have a supply set function or supply net connected to each of its supply ports, including any
implicit power and ground ports.

4.4.2.6 Supply set required functions

Although a supply set represents a collection of six standard supply functions, not all functions are required
in every context:

— power and ground are typically required in all cases.

— nwell, pwell, deepnwell, and deeppwell are only required occasionally.

The refuired functions of a given supply set are determined from its usage and include the following
a) | Any function used to define a power state of the supply set,
b) | Any function used for automatic connection of the supply set based on pg fype, and
¢) | Any required function of a supply set handle with which the supply set is associated.

For injplementation, a supply net shall be associated with each required funetion of a supply spt. For
verificption, however, some aspects of the power intent can be verified before associating supply nets with
the required functions. A supply set that does not have supply nets assdciated with each of its r¢quired
functidns is incompletely specified. For any required function of a supply*set that is not associated|with a
supply[net, an implicit supply net is created and associated with the funetion.

4.4.3 Bupply equivalence

Varioys aspects of power management are determined in part by the identify of, and relationships bdtween,
supply| nets and supply sets. For example, selection of\ports to which isolation or level-shifting strptegies
should|be applied can be defined based on the identities of the driver and receiver supplies of the sour¢es and
sinks donnected to a port. Similarly, compositiom:0f power domains is possible provided the supplieg of the
subdorthains involved meet certain constraints.\In some situations, identical supply nets or supply dets are
requirdd; other situations may only require:Supply nets or supply sets that are equivalent.

There gre two kinds of supply equivalenice: electrical equivalence and functional equivalence.

Electrifal equivalence can affect
a) | the number of sources of a supply network, and therefore,

b) | whether resolutiofn is required for that supply network.
Electrifal equivalence implies functional equivalence, but not vice versa.

Functipnal equivalence can affect any of the following:

¢)

d) Determination of power-domain lower boundaries

e) Legality of power-domain composition

f)  Validity of driver and receiver supply attributes

Electrical equivalence is primarily related to supply ports and nets. Functional equivalence is primarily
related to supply sets.

4.4.3.1 Supply port/net equivalence

Electrical equivalence is determined by connection, as follows:
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a) A port P is electrically equivalent to itself.
b) A netN is electrically equivalent to itself.
¢) IfanetNanda port P are connected, then N and P are electrically equivalent.

d) If A and B are electrically equivalent, and B and C are electrically equivalent, then A and C are
electrically equivalent.

e) If A and B are connected via a supply set function (see 4.4.2.4), then A and B are electrically
equivalent.

Electrical equivalence can also be declared, as follows:

— If A and B are declared electrically equivalent, then A and B are electrically equivalent

Electrical equivalence implies the two equivalent objects are electrically connected somewhere.| If the
connedtion is not evident in the design (e.g., if it is inside a hard macro whose internals are not/yisiblg or if it
is a copnection that is required outside the design), then declaration of electrical equivalefice can e used
instead of the explicit connection.

Functipnal equivalence is determined by connection or declaration, as follows:
f) | If A and B are electrically equivalent, then A and B are functionallyequivalent.

g) | If A and B are declared functionally equivalent, then A and B aréfunctionally equivalent.

An infut and the output of a switch are never electrically equivalent; it is an error if they are directly
connedted or declared electrically equivalent. Similarly, the outputs of two different switches are typically
not electrically equivalent, unless they are both driving the same resolved net. However, the outputs|of two
differept switches that each drive an unresolved net can still be functionally equivalent if the input spipplies
of botl] switches are equivalent, the control inputs of betli-switches are equivalent, and the two switch¢s have
the sarhe set of state definitions.

4.4.3.2 Supply set equivalence
A suppily set handle is also a supply set:

A supply set function and its associated supply net are electrically equivalent; thus, for purposes of [supply
net eqyivalence, a supply set«function acts like a supply net.

Corresponding functions‘ef two supply sets are electrically equivalent if
— | their associated supply nets are electrically equivalent, or

— | the twossupply sets are directly associated with one another.

Corresponding functions of two supply sets are functionally equivalent if

— they are electrically equivalent, or

— they have been declared as functionally equivalent.

Two supply sets are (functionally) equivalent if

— they both have the same required functions, and the nets associated with corresponding functions are
equivalent; or

— they are associated with each other directly or indirectly via one or more associate supply_set
commands (see 6.7); or

— they are each associated directly or indirectly via associate supply_set (see 6.7) with two other
supply sets, which are equivalent.
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Two supply sets are also (functionally) equivalent if they have been declared equivalent; in this case, it is an
error if they do not have the same required functions.

As a consequence of this,
a) two anonymous supply sets built from equivalent PG functions are equivalent;
b)  two supply sets that are functionally equivalent can be used interchangeably;

c) asupply set and any supply set handle it is associated with are always equivalent.

4.5 Power management

While fa power supply network is a static structure, the power delivered via the power supply netwgrk can
vary oyer time. Supply sources can provide different voltages; power switches can turn their eutputsg off or
on and| can selectively connect different inputs to the output. As a result, the power availabl¢ to instapces in
the extent of a power domain will vary, and at any given time, each power domain’s supplies may be| in one
of many possible states. To manage these various states, and in particular to manage the interpctions
betwedn power domains that are in different states, power management is required,

Power[management enables a system to operate correctly in a given functional mode with the mihimum
power |consumption. Adding power management to a design involves andlyzing the design to determine
which [power supplies provide power to each logic element, and if the-driver and receiver are in different
power [domains, inserting power-management cells as required to €nsure that neither logical nor el¢ctrical
problems result if the two power domains are in different power States.

4.5.1 Related supplies
connedted to an active component provide power_for this logic. The supply nets that provide power [for the

logic that receives or drives a given input or outpat, respectively, are called the related supplies of thgt input
or outpjut. Related supplies typically include-power and ground supplies and may also include bias supplies.

An ac{ve component consists of logic elements thatteceive inputs and drive outputs. The power sppplies

At the [library cell level, related supplies may be identified for each input or output pin of a cell. Each [related
supply| is a supply pin on that c€lly‘the pin typically has a pg type attribute indicating what [supply
functidn it provides (primary power, primary ground, etc.). For a cell that has one set of supply conndctions,
all inputs and outputs would:-have the same set of related supplies. For a cell that has multiple [supply
connedtions, such as a cell.with a backup power supply, different pins may have different sets of frelated
suppligs. This is particularly true of certain power-management cells, such as a level-shifter, which fisually
has diffferent relatedysupplies for the input and output.

Related supplynets are often considered in a group, as an implicit supply set. An implicit supply set njade up
of the supply-pins of a cell that are the related supplies of a given input or output is by definition equfivalent
to any upply set that has been connected to those supply pins.

4.5.2 Driver and receiver supplies

Each output of an active component is typically connected to the input of some other active component in
the design. The net connecting the two has a driver on one end (the logic driving the output port) and a
receiver on the other end (the logic receiving the input). The driving logic is powered by a supply set called
the driver supply; the receiving logic is powered by a supply set called the receiver supply.

The driver supply and the receiver supply may be the same supply set, e.g., if both components are in the
same power domain; or the driver supply and the receiver supply may be different supply sets, e.g., if the
two components are in different power domains. The driver supply and the receiver supply may also be
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different, but nonetheless equivalent, e.g., if they are connected externally or if they are generated by supply
networks that ensure they always have the same values.

In some cases, the logic driving or receiving a given port is not evident. In particular, the logic inside a hard
macro instance may not be represented in a way that can be used by a given tool. Similarly, the logic that
drives primary inputs of the design and receives primary outputs of the design is typically not represented as
part of the design. In such cases, it is convenient to be able to associate the driver supply or receiver supply
of the missing logic with the port that is connected to that logic. UPF defines attributes that can be used to
associate this information with ports of a model.

4.5.3

Logic

For a Ipgic port that is connected to a driver, the supply of the.connected driver is also the driver su

the po
a defa

port thiat is not connected to a driver is not a source, dand therefore, does not have a driver supply

design
driver

For a Jogic port that is connected to one ormore receivers, the supplies of the connected receivers
receivgr supplies of the port. A primary.Qutput port is assumed to have an external receiver and theref

sink; s
attribu

receivgr supplies.

454

Power

interadtions between power domains that are in different states at various times. There are four specifi

addres

Logic sources and sinks

borts can be a source, a sink, or both, as follows:

The LowConn of an input or inout logic port whose HighConn is connected to an extesnal dri
source.

The HighConn of an output or inout logic port whose LowConn is connected t0 an internal d
a source.

The LowConn of an output or inout logic port whose Highconn is connécted to an external r
is a sink.

The Highconn of an input or inout logic port whose LowConn is conniected to an internal rec
a sink.

t. A primary input port is assumed to have an externaldriver and therefore is a source; such a
It driver supply if it does not have an explicitly defined UPF_driver_supply attribute. An i

To model this in verification, an anonymous default driver is created for such an undriven po
hlways drives the otherwise undriven port in'a manner that results in a corrupted value on the

ich a port has a default receiversupply if it does not have an explicitly defined UPF_receiver_|
e. An internal port that is not/connected to a receiver is not a sink, and therefore, does not h3
Power-management requirements

managementisrequired to mediate the changing power states of power domains in the system

bed by-power management, as follows:

Ifa power domain is powered down in certain situations, its state registers may need to hay
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values—saved—before—power-down—andrestored—after subsequentpower-up—either—to—
persistent data or to enable faster power-up.

If the distance between driver and receiver is long (the capacitive load is high), buffers (rep

intain

eaters)

may be required to strengthen the signal along the way, or to ensure that it stabilizes within the

required time.

If a receiver is powered on, but its driver is not, an isolation cell is required between driver and
receiver to drive the receiver with a known value despite the fact that the ultimate driver is powered

off.

If the driver and receiver supplies (or isolation and receiver supplies, or driver and isolation supplies,
etc.) are operating at different voltage levels, a level-shifter is required between them to translate

between voltage levels.
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UPF provides commands for specifying where power-management structures should be added to a design to
address each of these areas.

4.5.5 Power-management strategies

Addition of power-management cells to a design is driven by rules or strategies. UPF provides commands
for specifying retention strategies (see 6.49), repeater strategies (see 6.48), isolation strategies (see 6.41),
and level-shifting strategies (see 6.43). Each of these strategies can be defined in various ways to apply to
specific design features or more generally to classes of features. Precedence rules (see 5.8) define how
multiple strategies for the same feature are to be interpreted. In general, more specific strategies take
precedence over more general strategies.

Retentjon strategies apply to specific state variables in a given power domain or to all state yariables in a
domaif. A retention strategy also defines the power supplies, the control signals and their interpretatipn, and
certain| behavioral characteristics of the retention registers to be used for the state variables to which it
applieq.

Repeafer, isolation, and level-shifting strategies apply to ports of a power domain'.The ports to which|one of
these gtrategies applies can be defined by name or can be selected by filterss.Source and sink filter§ select
ports Hased on the driver supply and receiver supply, respectively, of each.port. The filters typicallyl match
equivalent supplies unless an exact match is specified. Ports may also be'selected by direction. Each df these
strategjes also specifies the relevant power supplies and control sigials and their interpretation to be used for
any pofwer-management cells added by the strategy.

4.5.6 Power-management implementation

Implerhentation of power-management strategies\involves adding power-management cells—refention
registefs, repeaters (buffers), isolation cells, anddevel-shifter cells—to the design. Each added cell nfay add
new diiving and receiving logic and as a result'may change the driver and receiver supplies of a givgn port,
which fcould potentially affect the application of other strategies based on source and sink filters. Tolensure
the int¢raction of multiple strategies is well defined, strategies are applied according to the following|rules.

a) | Strategies are implemented)in the following order: retention strategies, followed by rgpeater
strategies, followed byisolation strategies, followed by level-shifter strategies.

b) | A retention strategy may affect the driving supply of the retention cell output. If so, the new (Iriving
supply of the retention cell is visible to, and affects the result of, a source filter of any subsequently
applied strategy:

c) | A repeater strategy causes insertion of a buffer, which has a receiver and a driver; this insertion
therefore affects both the receiving supply of ports driving the repeater input and the driving|supply
of ports receiving the repeater output. The new driving supply and receiver supply are visible fto, and
affect the result of, source and sink filters, respectively, of any subsequently applied strategy

d) An isolation strategy may cause insertion of an isolation cell, which has a receiver and a driver;
therefore if such insertion occurs, it affects both the receiving supply of ports driving the isolation
cell input and the driving supply of ports receiving the isolation cell output. However, the new
driving supply and receiver supply are not visible to, and do not affect the result of, source and sink
filters, respectively, of any subsequently applied isolation or level-shifting strategies.

e) A level-shifting strategy may cause insertion of a level-shifting cell, which has a receiver and a
driver; therefore if such insertion occurs, it affects both the receiving supply of ports driving the
level-shifting cell input and the driving supply of ports receiving the level-shifting cell output.
However, the new driving supply and receiver supply are not visible to, and do not affect the result
of, source and sink filters, respectively, of any subsequently applied level-shifting strategy.
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Repeater, isolation, and level-shifting strategies apply to all ports on the interface of a power domain, both
those on the upper boundary of the domain and those on the lower boundary of a domain. As a result, a port
on the boundary between two domains—the upper boundary of one, and the lower boundary of the other—
may have multiple strategies of a given type defined for it, one from each of the two domains. In such a case,
both strategies may cause addition of power-management cells.

4.5.7 Power control logic
Power-management elements require control signals to coordinate their activity. In particular, isolation cells

require enable signals, retention cells may require save and restore signals or related control inputs, and
power switches (see 4.4.1.2) require switch control signals. Logic ports and nets that implement these

. 1 1 ] I SOV 1 . 41 1 111 . 11D 1
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Contrdl logic ports and nets defined in UPF are created within the logic hierarchy independeént of power-
domaiI definitions. This allows the power control network to be created and distributed ldcross|power
domaims

4.6 Ppwer states

Supply ports, supply nets, supply sets, and power domains have associated\power states. The power §tate of
a supply port or net at a given time is the value propagated by that port or net. For a supply set or| power
domaif, power states are defined based on supply port/net power states'and other conditions.

Power|switches also have named states. These are not power states of the switch, but rather states| of the
contro] expressions that determine which inputs of a switch affect the switch output (see 4.4.1.2).

4.6.1 Power state of a supply port or supply net
Supplyl ports and nets are represented by type supply net_type, defined in package UPF (see Anmex B).
This tyjpe models electrical values as a combination of two values: a supply state and a voltage level] which

togeth¢r constitute the power state of the supply port or net.

The supply state value may be OFF; UNDETERMINED, PARTIAL_ON, or FULL_ON. The supply state
value is not affected by or determined by the supply voltage level.

The vqltage level is represented as an integer number of microvolts. The voltage level is relevant oply for
the PARTIAL_ON and\EULL_ON supply states; it is undefined for the OFF and UNDETERMINED
supply|states.

4.6.2 Power_ state of a supply set

A supply §et consists of a collection of functions that represent supply nets. A supply set has a reference
supply Tiet. The default reference is an implicit supply net with a supply state of FULL_ON and a voltage
value of zero. The default reference supply can be explicitly overridden by specifying a supply net that is
used as the reference supply for every supply net in the set. The voltage value of each supply net in a supply
set is relative to the reference supply, which, in turn, may be at any voltage relative to the implicit reference

supply.

Power states of a supply set are defined in terms of the power states of the supply functions that comprise the
supply set, and the supply nets those functions represent, as well as related control conditions. The combined
states of the constituent supply functions/nets and control conditions determine the following:

—  Whether there is current available to power an instance, and

— The voltage level of the supply.
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Power state definitions for a supply set are predicates: each one defines a set of conditions that, if satisfied,
indicates that the supply set is in the corresponding state. Power state definitions need not be mutually
exclusive; multiple power state definitions can be satisfied at any given time.

A supply set handle is also a supply set. Power states may be defined for a supply set handle as well as for a
supply set.

Power state definitions for supply sets and supply set handles are only associated with and only apply to the
supply set or supply set handle for which they are explicitly defined. They do not propagate to or apply to
other associated supply sets or supply set handles.

4.6.3 Predefimed-suppty setpower-states

Every [supply set has two predefined power states: DEFAULT _NORMAL and DEFAULT,\CORRUPT.
These [ power states are identical to explicitly defined power states except: Ityisan efror if
DEFAULT NORMAL and DEFAULT_CORRUPT are used as the state name in an add_power_state
commgnd (see 6.4).

A supqjly set is in the DEFAULT_NORMAL state when all of its required supply-functions are FULL_ON.

The sypply set is in the DEFAULT_CORRUPT power state when it«s*not in one of the defined|power
states ¢f the supply set, including the DEFAULT_NORMAL predefinéd state, for the supply set.

4.6.4 Power states of power domains

A power domain typically represents a collection of instances that are powered with the same sypplies.
Power|states of such a domain can be defined in terms,df’ the power states of supply sets associated with the
domainp. Such definitions implicitly act as constraints‘en the power supplies provided to the domain.

A powler domain may also be used to represent the interface to an IP block, which may contain njultiple
power |[domains. Power states of such a dom@in can be defined in terms of power states of the other dpmains
in the [P block. Such definitions typically Tepresent abstract power states of any given instance of| the IP
block.

For example, the definition of a°domain’s POWER_ON power state would logically require the grimary
supply| set be in a power state in which all supply nets of the primary supply set are on and the furrent
deliveted by the power ¢irguit is sufficient to support normal operation. Similarly, a SLEEP power sfate for
the d011ain may require.the primary supply set to be in power state in which sufficient voltage and cufrent is
provided to maintain-the state of registers, but not enough to support normal operation. A POWER OFF
power |state may_require the primary supply set to be switched off, while the appropriate retentipn and
isolatign supplies are on.

The State nflngip elements mav be g relevant aqpp(‘f to the cppr‘iﬁr‘afinn of a domain’s pow er anfp’ a g., for

a user-defined power domain called DSP_PD,
a) DSP PDisinthestatemy on pd state when:
1) The logic signal that controls the switch for the domain’s primary supply set is active.
2) The logic signal(s) enabling isolation are inactive.
b) DSP PDisinthe statemy off pd state when:
1) The logic signal that controls the switch for the primary supply is inactive.

2) If the isolation or retention supplies are switched, the control signals for those supplies are
active (the power switch is on).

3) Clock gating enable signals for the domain are typically inactive.
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¢)

4) The isolation enable(s) are active.
5) The retention control signal(s) are active.

The power domain’s power state may also be dependent on the clock period or similar

signal

interval constraint. For example, a domain in an operational bias mode needs to scale its clock
frequency to a slower level to match the slower switching performance supported by the state of the
primary supply set. The primary supply set’s power state can include in the -logic_expr

specification a constraint on the clock period or duty cycle interval. See 6.4.

4.6.5 Power states of systems and subsystems

What

onstitutes a system is contextual. In one context, a system may be considered as complete/by

e.g., ofje chip of a multi-chip or multi-board low-power system. Although it might seem reasonable to
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states of a system or subsystem are attributed on a power domain. The use of the'term system i
M subsystem.

ystem power state may depend on the state of more than one\pewer domain, the pows
cation for a power domain may include references to the states ©of*domains defined on scopeg
ierarchy that are descendants of the “higher-level” power domain. (Here, “higher-level” refer
n of the power domain’s scope being closer to the design’s top-level root instance relative

ce the power state of any power domain or supply¢set; or the port state of any supply port or
t is declared in the descendant subtree of the scope,of that power domain.

hmple, assume the domain CORE_PD is défined on the root scope of a processor design, the
f CORE_PD can reference lower-level power domains such as CACHE PD, ALU_PD, and FP
pcification of its power states. Thus;)an example power state of FULL OP for CORE_PD
hbly require that its primary supply set is in a NORMAL simstate (all supply nets of the p
set are on and the voltage of the-supply is sufficient for normal operations) and that the CACH
D, and FP_PD are all in an\equivalent fully operational mode. In contrast,a NON_FP OP m
RE PD may be definedvidentically to FULL OP, except the FP_PD may be in a SLEEP md
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may be

faster and more concise when the power state specification is not captured until after the supply network is specified.
However, flat power state specifications may be less flexible and more difficult to maintain over time and require
visibility into and understanding of all aspects of the design.

4.6.6 Incremental refinement of power states

Prior to having the golden source (the HDL and UPF source used as input to implementation tools), the
supply network may not be defined or may be partially defined. The design may have a power-management
block and associated power control signals that turn power switches on/off or control bias generators and
voltage regulators once the supply network is fully specified. At this stage of design specification, the power
domain’s power states may be defined only in terms of the state of logic elements, i.e., control signals.
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Power states of the domain’s supply set handles may be added later as the supply network definition is
completed. Through support of incremental refinement of the power state specification, early UPF
simulations can be performed with only the logic net expressions defining the states. The power state
definitions can be updated with add_power_state (see 6.4) to incorporate supply network expressions
(-supply_expr) or additional logic expressions (-logic_expr).

4.7 Simstates

Simstates specify the simulation behavior semantics for a power state. A simstate specifies the level of
operational capability supported by a supply set state. The simstate specification provides digital-simulation

1 Walald PR — £ . — 41 h DRI B T | . £1 . P RV ) 1
tOO S SprIrerentmrorniatronr 1or appuu\uuauug UIC PUWCI'ICIGLCU UlllaVviul Ul lUBlb COULICUICU U UIv Dupp y

set with sufficient accuracy.

Simstates are associated with power states of supply sets and supply set handles. A simstate” defings how
instandes powered by the supply set or supply set handle react to a given power state. In"patticular, sifnstates
can belassociated with power states of the primary supply of a power domain, to define how instances in the
power [domain that are implicitly connected to that primary supply will behave under various power sfates of
the prijnary supply.

UPF dpfines several simstates that can be associated with supply set or Supply set handle power statgs. The
simstafes defined in UPF are an abstraction suitable for digital simulation. The following simstaftes are
definedl (from highest to lowest precedence):

a) | CORRUPT—The supply set is either off (one or.more supply nets in the set are switched off,
terminating the flow of current) or at such a low-yeltage level that it cannot support switching and
the retention of the state of logic nets cannot beguaranteed to be maintained even in the abs¢nce of
activity in the instances powered by the supply.

b) | CORRUPT_ON_ACTIVITY—The power characteristics of the supply set are sufficient fqr logic
nets to retain their state as long as there'1s no activity within the elements connected to the $upply,
but they are insufficient to supportactivity.

c¢) | CORRUPT_ON_CHANGE-The power characteristics of the supply set are sufficient fqr logic
nets to retain their state as fong as there is no change in the outputs of the elements connected|to that

supply.
d) | CORRUPT_STATE,"ON_ACTIVITY—The power characteristics of the supply set are sufficient

to support normal yoperation of combinational logic, but they are insufficient to support activity
inside state elements, whether that activity would result in any state change or not.

e) | CORRUPE STATE ON_ CHANGE—The power characteristics of the supply set are suffi¢ient to
suppert:normal operation of combinational logic, and they are sufficient to support activity] inside
state elements, but they are insufficient to support a change of state for state elements.

operational (switching) capabilities with character

omplete

ized timing.

The predefined power states for a supply set have corresponding simstates. The simstate for power state
DEFAULT NORMAL is NORMAL. The simstate for power state DEFAULT_CORRUPT is
CORRUPT.

Simstate simulation semantics for a supply set are applied to instances implicitly connected to a supply set
unless simstate behavior has been disabled (see 6.53).

NOTE 1—When greater accuracy is desired or required, a mixed signal or full analog simulation can be used. Since
analog simulations already incorporate power, this format provides no additional semantics for analog verification.
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Simulation results reflect the implemented hardware results only to the extent the UPF simstate specification
for a given power state of a supply set is correctly specified. For example, if verification is performed with
simulation of a supply set in a power state specified as having a CORRUPT_ON_ACTIVITY simstate, but
the implementation is more accurately classified as CORRUPT_STATE_ON_CHANGE, the simulation

results will differ.
NOTE 2—1In this example, the inaccuracy in simstate specification is conservative relative to the implemented hardware

behavior. However, in other situations, inaccurate specifications can be optimistic, resulting in errors in the implemented
hardware that simulation failed to expose.

4.8 Successive refinement

Desigr] and implementation of a power-managed system using UPF proceeds in stages. Durifig, the|design
phase, |a UPF-based specification of the power intent may be developed incrementally, first at’the IF block
level, [and later at the system level. During implementation, UPF commands are'’added tq drive
implerhentation details, and a series of implementation steps map the design and the UPF-commands into the
final ithplementation (see Figure 2).

Constraint Configuration Implementation

HpL (RTL) HDL(RTL) @
|| |_|Constraint & Constraint/~ @
+ [:> Configuration @

bnstraint +
i Configuration +
UPF Implementation
UPF

lco

Constraint @
Configuration @

L

Constraint @

Configuration &
UPF

Simylation, Equivalence Checking, ...

Implementation
UPF update

Figure 2—Successive refinement of power intent

The power intent specification for an IP block to be used in a larger design typically defines the power
interface to the block and the power domains within the block. This specification also typically includes
constraints on the use of the block in a power-managed environment. These constraints include (at least) the
following:
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a)  The atomic power domains in the design.

These can be composed but not split during implementation. [Use create_power_domain —atomic
(see 6.17).]

b) The state variables that need to have their values retained if a given power domain is powered down.

This does not involve specifying how such retention would be controlled. [Use
set_retention_elements (see 6.51).]

c¢) The clamp values of signals that would need to be isolated if a given power domain is powered
down.

This does not involve specifying how isolation is to be controlled. [Use set port_attributes
—clamp_value (see 6.46).]

d) | The legal power states and power state transitions of the IP block’s power domains.

This need not involve specifying absolute voltage ranges for the power supplies involved. [Use
add_power_state (sce 6.4) and describe_state_transition (see 6.24).]

A powler intent specification containing such basic information about an IP block ds often referrefl to as
constrgint UPF, or sometimes as the platinum UPF.

When hn IP block is being prepared for use in a given system, information may be added to the speciffication
to reflgct the specific requirements of the block in the context of the system{For example, an instancg¢ of the
block fnay be used in a manner that will definitely require isolation, levelsshifting, retention, or repeajer cell
insertipn. These strategies can be added to the constraint UPF for thie block in order to configure the| power
intent pf the block for use in this system. Such strategies impose _a requirement to insert specified power-
managpment cells for an instance of the IP block and typically ‘include information about how such power-
managpment cells are controlled.

A powgr intent specification containing this level ofsififormation is often referred to as configuration UPF,
or somietimes as the golden UPF.

To driye implementation of a power-managed design, information may be added to the specification to
define [the power distribution network forthe system and the control logic for power-management dells. A
power [intent specification containing thig kind of information is often referred to as implementation {/PF, or
sometifnes as the silicon UPF.

4.9 Tool flow

A UPH-based tool flew typically begins with RTL verification of the design together with the goldgn UPF
that deffines the power intent for this design. After that, a series of implementation steps occur in whiich the
RTL design is\reduced to a gate-level implementation and the power intent is integrated info that
implementation. After each implementation step, power-aware verification may be performed again|, using
the dedighvtepresentation output by that stage along with the UPF description corresponding to that|design

representatton{see Fietre2)-

The power intent expressed in UPF can be implemented incrementally in successive steps. Each step may
add implementation details, such as power-management cells, control logic, or supply distribution networks.
The design itself may also evolve during implementation, even after the RTL stage, as a result of
implementation steps such as test insertion.

Implementation may be incremental at various levels of granularity as follows:
— By aspect: isolation, level-shifting, retention, repeaters, control logic, power distribution
— By command: isolation strategy A, isolation strategy B, etc.

— By element to which a command applies: isolation for port p1, for port p2, etc.
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For any given tool run, the tool needs to know the following:

a)
b)

What part of the UPF power intent specification is supposed to be implemented already, and

What part of the UPF power intent specification is to be included in the processing done by this tool.

This standard does not define how the preceding information is made available to a tool; this is tool/flow
information that is outside the scope of the standard. Typically, such information would be provided to the
tool either explicitly via command-line arguments or other control inputs, or implicitly as part of the
specification of the tool itself.

A tool also shall be able to determine what part of the UPF specification has been implemented so far. This
standard defines a method for documenting what has been done so far to implement the power intent, by
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5. Language basics

5.1 UPF is Tcl

UPF is based on Tool Command Language (Tcl). UPF commands are defined using syntax that is consistent
with Tcl, such that a standard Tcl interpreter can be used to read and process UPF commands.

Compliant processors reading UPF files use full Tcl interpreters to process the UPF files. Compliant
processors shall use Tcl version 8.4 or above. The following also apply:

— _1IPE power intent commands are executed in the order of occurrence. jan as Tcl commands are

executed and return values can be used by subsequent commands.

— |The only UPF commands that support regular expressions are find_objects (sce) 6.26) and
query_upf (see C.1).
— | All of the commands and techniques of Tcl may be used, including procs andDlibraries off procs.

However, the procs and libraries of procs should, in the end, only rely on UPFy¢ommands for|design
information.

— |find_objects (see 6.26) shall be the only source used to programmatically access the HDIL when
defining the power intent. The processing of information returned\by find_objects using standard
Tcl commands [B5], such as regexp, is allowed.

— |UPF is intended to be used across many tools, so it is €rfoneous to use proprietary tool specific
commands when constructing power intent.

— |Once the Tcl processing has completed, the end. résult can be expressed as a series df UPF
commands.

Librarfes used for design or methodology standardization or ease of expression that define additiona|l procs
are conpsidered to be part of the design file and_need to be visible to any processor interpreting the UPF file.

5.2 Cpnventions used

Each YPF command in Clause 6 and Clause 7 consists of a command keyword followed by one or more
paramg¢ters. All parameters-begin with a hyphen (-). The meta-syntax for the description of the syntax rules
uses thie conventions showiin Table 1.

Table 1—Document conventions

Visual cue Represents

courier The courier font indicates UPF or HDL code. For example, the following line indicates
UPF code:

create power domain PDI

bold The bold font is used to indicate key terms, text that shall be typed exactly as it appears.
For example, in the following command, the keywords “create_power_domain” shall be
typed as it appears:

create_power_domain domain_name

italic The italic font represents user-defined UPF variables. For example, a supply net shall be
specified in the following line (after the “connect_supply net” key term):

connect_supply_net net name
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Table 1—Document conventions (continued)

Visual cue

Represents

list

list (or xyz_list) indicates a Tcl list, which is denoted with curly braces {....} oras a

double-quoted string of elements “....”. When a list contains only one non-list element
(without special characters), the curly braces can be omitted, e.g., {a}, “a”, and a are

acceptable values for a single element. See also 5.3.4.

xyz_ref

xyz_ref can be used when a symbolic name (i.e., using a handle) is allowed as well as a

declared name, e.g., supply_set ref.

time_literal

time_literal indicates a SystemVerilog or VHDL time literal.

the bracketed parameter may be repeated. For example, the following parameter is
optional:
[-elements element list)
The following is an example of optional parameter that,canbe repeated:
[-ack_port {port_name net_name [{boolean ‘expression}]}|*

* astefisk An asterisk (*) signifies that a parameter can be repeated. For example, the followinp line
means multiple acknowledge delays can be specified for this command:
[-ack_delay {port name delay}]*
[ ] sqyare brackets Square brackets indicate optional parameters. If an asterisk (*) followSithe closing bracket,

[]bo
brack

d square
bts

Bold square brackets are required. For exampley in the following parameter, the bold
square brackets (surrounding the 0) need to betyped as they appear:

domain_name.isolation_name.isolation_supply set|0]

{}cu

rly braces

Curly braces ({ }) indicate a parametetlist that is required. In some (or even many
cases, they have (or are followed by) an asterisk (*), which indicates that they can b
repeated. For example, the following shows one or more control ports can be specifi
this command:

{-control_port {port name}}*

d for

{} bo

d curly braces

Bold curly braces arg-required, unless the argument is already a Tcl list. For examplg
the following parameter, the bold curly braces need to be typed as they appear:

[-off_state {state_name {boolean_expression}}]*

In cases where variable substitution is needed, Tcl’s list command can be used, e.g.,
-off 'state [list $state name [list Sexpression]]

,in

<> at

gle brackets

Anglebrackets (< >) indicate a grouping, usually of alternative parameters. For exa
the-following line shows the “power” or “ground” key terms are possible values for
“4ype” parameter:

-type <power | ground>

mple,
he

| sepa

ator bar

The separator bar (| ) character indicates alternative choices. For example, the follow
line shows the “in” or “out” key terms are possible values for the “-direction” param

-direction <in | out>

ing
cter:

5.3 Lexical elements

Names created in UPF should not conflict with HDL reserved words.

Command names, parameter names, and their values are case-sensitive.
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5.3.1 Identifiers

Identifiers adhere to the following rules:

a)
b)

¢)

The first character of a identifier shall be alphabetic.
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All other characters of a identifier shall be alphanumeric or the underscore character ().

Identifiers in UPF are case-sensitive.

5.3.2 Keywords and reserved words

The following record field names are reserved in the specified context and cannot be redefined:

a) [ Domain record Tield space
1) primary
2) default_retention
3) default_isolation

b) | Switch record field space
1) supply

c) | Level-shifter strategy record field name space
1) input_supply_set
2) output_supply_set
3) internal supply_set

d) | Isolation strategy record field name space
1) isolation_supply_set
2) isolation_signal

e) | Retention strategy record field name space{(see 6.33)
1) retention_ref
2) retention_supply_set
3) primary_ref
4) primary_supply_set
5) save_signal
6) restore_signal
7) UPF_GBNERIC_CLOCK
8) UPESGENERIC_DATA
9) URF GENERIC_ASYNC_LOAD
10)\UPF_GENERIC_OUTPUT

5.3.3 Names

Names identify objects in the design and in the power intent specification.

5.3.3.1 Simple names

A simple name is a single identifier. An identifier is used when creating a new object in a given scope; the
identifier becomes the simple name of that object.

In a given scope, a given simple name may only be defined once, with a unique meaning; it is an error if two

objects are declared in the same scope with the same simple name.
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A simple name, optionally followed by an index or record field specification as appropriate for the type of
an object in a given HDL context, is an object name. An object name can be used to refer to an existing
object or part of an existing object that is declared in the current scope. Object names also refer to objects
defined in UPF that do not exist in a scope of the hierarchy.

The simple name of an instance in a given scope is an instance name.
5.3.3.2 Dotted names

A dotted name is a compound name designating a UPF object. A dotted name is made up of simple names
separated by . characters.

A dottgd name is used to refer to a strategy associated with a power domain, a supply set associated| with a
strategly or a power domain, or a function of a supply set. A dotted name for a supply set assdciated|with a
strategly or domain is called a supply set handle. A dotted name for a supply set function is called a|supply
net hagdle.

— | Power-domain strategy names
<domain name> . <strategy name>
— | Supply set handles

<domain name> . <supply set name>
<domain name> . <strategy name> . <supply segt\name>

— | Supply net handles
<supply set name> . <function name>

<domain name> . <supply set name> . &function name>
<domain name> . <strategy name> . <supply set name> . <function nage>

A dottgd name is also an object name.
5.3.3.3 Hierarchical names

A hierprchical name is a name that refers to an object declared in a non-local scope. A hierarchicall name
consisfs of an optional leading / character, followed by a series of one or more instance name$, each
followgd by the hierarchy separator character /, followed by an object name.

A hiergrchical name that starts:with an instance name is a scope-relative hierarchical name. A scope-felative
hierardhical name is int€rpréted relative to the current scope. The first instance name is the namg¢ of an
instande in the current'scope; each successive instance name is the name of an instance declared in th¢ scope
of the previous instance. The trailing object name is the simple name or dotted name of an object declared in
the scqpe of the(last instance. A scope-relative hierarchical name is also called a rooted name.

A hierfirchical name that starts with a leading / character is a design-relative hierarchical name. A dlesign-
relative hierarchical name is interpreted relative to the current design top instance, by removing the leading
/ character and interpreting the remainder as a rooted name in the scope of the current design top instance.

5.3.3.4 Name references

Many command arguments require references to object names, such as the names of instances, ports,
registers, nets, etc., in the design, or the names of power domains, strategies, supply sets, supply nets, etc., in
the power intent. Unless otherwise specified or contextually restricted, an object name reference can be a
simple name, a dotted name, or a hierarchical name. In particular, a supply set handle is a form of supply set
name and a supply net handle is a form of supply net name. In the absence of any statement to the contrary,
a supply set handle can be used wherever a supply set name may appear, and a supply net handle can be used
wherever a supply net name may appear.
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5.3.4 Lists and strings

A Tcl list is an ordered sequence of zero or more elements, where each element can itself be a list. In Tcl, a
string can be thought of as a list of words.

Tcl strings can be specified in two different ways: by enclosing the words within double-quotes (“”) or
between curly braces ({ }). Upon finding a list of words within double-quotes, Tcl continues to parse the
string, looking for variable (strings started with $), command (strings between square brackets []), and
back-slash (strings contain \) substitutions. To use any of the special characters within design object names,
first wrap them in curly braces ({ }). Upon finding a list of words between curly braces, Tcl treats the list as
a literal list of words, preventing further processing on the list before it is used.

Therefpre, in the syntax for UPF, the construct —option xxx list can be satisfied bypahy|of the
follow|ng, when no special characters are used in the object names:

-option foo

-option “foo”

-option “foo bar bat”
-option {foo}

-option {foo bar bat etc}
5.3.5 $pecial characters
Special lexical elements (see Table 2) can be used to delimit tokens in the syntax.

Table 2—Special.characters

Type Character
Logic hierarchy delimiter /
Escape character \ (only escapes the next character)

Bus delimiter, ind¢xX operator, or | |[]
within a regex

Range sepasator (for bus ranges)

Record\field delimiter

When [Tcl special characters need to be used literally for design object names, always escape the fpecial
characfer or.wrap the name with {}, even if a single value is used, to protect from Tcl interpretatiop, e.g.,
-elenerts’/ [1list foo {foo/bar} a\[0\]].

5.4 Boolean expressions

A Boolean expression may be used to define a control condition or a supply state. A Boolean expression
may include references to the following.

a)  VHDL names, values, and literals of the following types or any subtype thereof:
std.Standard.Boolean
std.Standard.Bit
std.Standard.Real for voltage values

std.Standard. Time for use with the interval function
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b)

ieee.std logic 1164.std ulogic

ieee.UPF.state

A VH
provid

A Boo|

A nam
instang
scope

shall r{

In a B
(handl
unless

InaB
name
prefix,

A Boq

equivajents in SystemVerilog or VHDLE;as appropriate for the objects involved in each subexpressio

SystemVerilog names, values, and literals of the following types:
reg
wire
Bit
Logic
time literal for use with the interval function
real, shortreal for voltage values
DL or SystemVerilog name may also be the name of an element of any composite_type

bd the element itself is of a supported type.
ean expression may also contain special expression forms for referring to power states (see 6.1

e of an object referred to in a Boolean expression may be prefixed by a;path name identify
e in the scope of which the name is declared. Any such path name is interpreted relative to the
when the command defining the expression is executed. If no path @ame prefix is present, th
fer to an object declared in the current scope.

oolean expression used as a supply expression in the definition of a power state of a sup
), the name of any function of that supply set (handle) ‘may be referred to directly without a
such a reference would be ambiguous.

olean expression used as a logic expression inthe definition of a power state of a power dom:
f any supply set handle associated with that power domain may be referred to directly wi

unless such a reference would be ambiguous.

lean expression may include the ‘operators shown in Table 3, which map to their corresp

Table 3—Boolean operators

object

.

ng the
Current
E name

ply set
prefix,

iin, the
hout a

pnding
.

Operator. Sy:(tl?:;;]leeﬁlt()g VHDL equivalent Meaning

! ! not Logical negation

e ~ not Bit-wise negation
Fessthar

<= <= <= Less than or equal

> > > Greater than

>= >= >= Greater than or equal

== == = Equal

1= 1= /= Not equal

& & and Bit-wise conjunction

A ~ XOor Bit-wise exclusive disjunction
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Table 3—Boolean operators (continued)

Operator Sy:;il;i,zleer;l:g VHDL equivalent Meaning
| | or Bit-wise disjunction
&& && and Logical conjunction
| [ or Logical disjunction

A BOO vall bAPlbDbiUll D‘llal} 1lJ\./ PlUVid\/d as d Dtl illé, adS ;udiuatud ill t}lb D)’lltaA fUl ba\all uuuuuaud 111
Boolegn expression can appear. Subexpressions may be grouped with parenthesis ( () ). Logical‘op
have lpwest precedence; bit-wise operators have next higher precedence; relational operatdrs, hay
higher|precedence; negation operators have highest precedence.

A Boofean expression or subexpression is considered to evaluate to the logical value Zrue if evalug
the expression (according to the semantics of the VHDL or SystemVerilog operators-and types involed, as
appropriate) results in a bit or logic value of 1 or a Boolean value of True;.otherwise it is consid
evaluafe to the logical value False.

A Bodllean expression may contain references to objects in different language contexts provided t

given

ubexpression that evaluates to a logical (True/False) valug-edntains only references to one la

contex}. Logical negation, conjunction, and disjunction of logical’values shall be performed accor
standafd Boolean logic semantics and need not be implemented with language-specific operators.

A simple expression is a Boolean expression containingan optional negation operator (! or ~), folloy
optiongl white space and a single object name.

Examples
{ |top/sv_inst/ena == 1’bl(&& top/vhdl inst/ready == ‘0’ }
{ |supplyl.state == FULL ON && supplyl.voltage > 0.8 }
{{top/sv/wall.supply[0] != FULL ON) || (top/vhdl/battery.supply(l) ==

UNDEFINED) }

5.5 Opject declaration

All UHF commands are executed in the current scope, except as specifically noted.

As a rgsult] most objects created by a UPF command are created in the current scope within the
therefore, the names of those objects shall not conflict with a name that is already declared within the same

scope

vhich a
crators
€ next

tion of

ered to

lat any
hguage
ling to

wed by

lesign;

Some UPF objects are implicitly created. Implicitly created objects result from implied or inferred semantics
and are not the direct result of creating a named UPF object. For example, supply nets are routed throughout
the extent of a power domain as needed to implement the implicit and automatic connection semantics. This
routing results in the creation of implicit supply ports and supply nets. UPF automatically names implicitly
created objects to avoid creating a name conflict. The name_format command (see 6.35) can be used to
provide a template for some implicitly created objects (such as isolation). Supply nets may be implicitly
created and connected to supply ports, and logic nets may be implicitly created and connected to logic ports
(see 4.4.1.1).
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UPF objects may have record fields. These records comprise a name and a set of zero or more values.
Record field names are in a local name space of the UPF object, e.g., a power domain may have strategies
and supply set handles. Strategies themselves may also have supply set handles.

The . character is the delimiter for the hierarchy of UPF record fields, e.g., top/a/
PDa.MY SUPPLY SET refers to the supply set MY SUPPLY SET in power domain PDa in the logical
scope top/a.

5.6 Attributes of objects

HDLs |include a mechanism for specifying properties of objects. These properties are called ‘aftfibutes.
Certaifg UPF properties can be annotated directly in HDL source descriptions using attributes. The sgmantic
for properties specified using HDL attributes is the same as the corresponding behavior. defined by the UPF
commgnd alternative (see Clause 6). Table 4 enumerates the HDL attributes defined, for UPF-compliant
implementations.
Table 4—Attribute and command correspondence
HIDL attribute name Attrlb.ute v'alue Equivalent/'UPF command arguments See
specification
UPF_flamp_value <"0"|"1"|"Z"| | set_port)attributes -clamp_value 4.46
l'latchl' | l'any" |
"value'">
UPF fink_off clamp_value <"O"|"1"|"Z" |~ set port attributes -sink off clamp_value .46
"latch" | "any" |
"value"'>
UPF _pource_off _clamp_value | <"0" |[\WA1'"|"Z"| | set_port_attributes -source_off _clamp_value 4.46
"latch" | "any" |
"valie">
UPF_pg_type pg type value set_port_attributes -pg_type 4.46
(see 4.4.2.5)
UPF _[elated_power_port supply _port_ name | set_port_attributes -related_power_port 4.46
UPF _felated_ground- port supply _port_ name | set_port_attributes -related_ground_port 4.46
UPF _[elated<bias_ports szltpply _port_name | set_port_attributes -related_bias_ports 4.46
list
UPF _(driver_supply supply_set_ref set_port_attributes -driver_supply 46
UPF _receiver_supply supply set ref set_port_attributes -receiver_supply 6.46
UPF _feedthrough <"TRUE" | set_port_attributes -feedthrough 6.46
"FALSE">
UPF_unconnected <"TRUE" | set_port_attributes -unconnected 6.46
"FALSE">
UPF_retention <"required" | set_retention_elements -retention_purpose 6.51
"optional''>
UPF_simstate_behavior <"ENABLE" | set_simstate_behavior 6.53
"DISABLE">
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Table 4—Attribute and command correspondence (continued)

HDL attribute name Attrlb.ute v‘alue Equivalent UPF command arguments See
specification
UPF _is_leaf cell <"TRUE" | set_design_attributes -is_leaf cell 6.37
"FALSE">
UPF _is_macro_cell <"TRUE" | set_design_attributes -is_macro_cell 6.37
"FALSE">
The HPL attributes i 1abic 4 ait tTake valucs that arc Siring fiterats. Where a 1ist ot names 15 requifed, the

names|in the list should be separated by spaces and without enclosing braces ({ }). To attach a URF.aftribute
to an |object in a VHDL context, the UPF attribute shall be declared first, with a-data type of
STD. $tandard.String (or the equivalent), before any attribute specification for that attribute.

It shal] be an error if any of the attributes in Table 4 is defined multiple times withrdifferent values [for the

same dbject, regardless of whether the attribute is defined as an HDL attribute or'using UPF commgnds or
both.

Examples

A porttsupply relationship can be annotated in HDL using the following attributes:
Attribute name: UPF _related_power_port and UPF_related_ground_port.

Attribute value: "supply port name", where supply port name is a string whose value|is the
simple name of a port on the same interface as the, attributed port.

SystemVerilog or Verilog-2005 attribute specification:
(* UPF_related power poxnt™= "my VDD",
UPF related ground port = "my VSS" *)
output my Logic Pqort;
VHDL attribute specification:
attribute UPF.r€lated power port : STD.Standard.String;

attribute UPF related power port of my Logic Port : signgl is
"my_VDD";

attribute UPF related ground port : STD.Standard.String;

attribute UPF related ground port of my Logic Port : signgl is
"myivssn;

Attribiite name: UPF _related_bias_pin.
Attri )

space-separated list of one or more gimple names of port(s) on the same interface as the attributed
port.

SystemVerilog or Verilog-2005 attribute specification:
(* UPF_related bias ports = "my VNWELL my VPWELL" *)
output my Logic Port;

VHDL attribute specification:
attribute UPF related bias ports : STD.Standard.String;
attribute UPF related bias ports of my Logic Port : signal
is "my VNWELL my VPWELL";
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The same attributes can be specified in UPF, using the set_port_attributes command and its
generic -attribute option, or they can also be specified in UPF using the set_port_attributes
command and its specific options -related_power_ port, -related_ground port, and
-related_bias_ports, respectively (see 6.46).

Isolation clamp value port properties can be annotated in HDL using the following attributes:

pg_type port properties can be annotated in HDL using the following attributes:

The U

When

Attribute name: UPF_clamp_value
Attribute value: <"0" | "1" | "Z" | "latch" | "any" | "value">

SystemVerilog or Verilog-2005 attribute specification:

(* IPF clamp valne = "I" *) ontput my Logic Port:
VHDL attribute specification:
attribute UPF clamp value : STD.Standard.String;
attribute UPF clamp value of my Logic Port : signal.,is "1";

The same attributes can be specified in UPF, using the set port_attributes command pnd its
generic -attribute option, or it can also be specified in UPF, using the set port_ attfibutes
command and its specific option -clamp_value (see 6.46).

Attribute name: UPF_pg_type

Attribute value: <"primary_power" | "primary_ground" |
"backup_power" | "backup_ground" >

SystemVerilog or Verilog-2005 attribute specification:

(* UPF_pg type = "primary pewer" *) output myVddPort;
VHDL attribute specification:

attribute UPF pg type~: STD.Standard.String;

attribute UPF pg type of myVddPort : signal
is "primary power";

The same attributes can b€ specified in UPF, using the set port_attributes command and its
generic -attribute eption, or it can also be specified in UPF using the set port_ attfibutes
command and its spe¢ific option -pg_type (see 6.46).

PF leaf-cell treatment of a model or instance can be annotated in HDL using the following attributes:
Attribute name: UPF _is_leaf cell
Attfibute value: <"TRUE" | "FALSE">

SystemVerilog or Verilog-2005 attribute specification:

(* UPF_is leaf cell="TRUE” *) module FIFO (<port list>);
VHDL attribute specification:

attribute UPF _is leaf cell : STD.Standard.String;

attribute UPF is leaf cell of FIFO : entity is “TRUE";

The same attribute can be specified in UPF, using the set_design_attributes command (see 6.37).

any register (specified or implied) with the UPF_retention attribute value set to "required" is

included in a power domain that has at least one retention strategy, the register shall be included in a
retention strategy defined for the domain.
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Elements requiring retention can be attributed in HDL as follows:
Attribute name: UPF_retention
Attribute value: <"required" | "optional">
SystemVerilog or Verilog-2005 attribute specification:
(* UPF_retention = "required" *) module my mod;
VHDL attribute specification:
attribute UPF retention : STD.Standard.String;
attribute UPF retention of my flip : variable is "required";

he same attribute can be specified in and its

specific option -retention_purpose (see 6.51).

5.7 Ppwer state name spaces

Power| states are attributed to specific objects in the design. The power states-can be referenged by
specifying the object name, where object name can be a hierarchical name denoting a power domain,
supply|set, or supply net. Power states are attributes of the object. Specifically; power states of a donjain are
attribufes of the domain and not attributes of the scope of the domain. Thus{an instance may be the scppe for
multiple domains, each domain containing states with the same namei{(e.g., sleep) without incufring a
name gpace collision.

The fo]lowing objects may have power states attributed to thems
— | Power domains
— | Supply sets
— | Supply nets
— | Supply ports

The add_power_state command (see 6.4)-1s used to define the legal and illegal power states of|power
domaips and supply sets. The set péwer state function in the package UPF is used to set the|power
state of an object during simulatioq.

The rahge of possible states.for supply nets and ports is defined by the type supply net typdin the
package UPF. The statecof-supply nets and ports can be set through the assign supply2supply or
assign supply state functions in the package UPF. assign supply2supply propagates the
associgtion of the source supply net’s root supply driver as well as the source’s state and voltage vqlues to
the dedtination, &és)sign supply state is used to assign a supply port that is a root supply drivef.

A powgr state’shall be defined before it can be referenced. Semantically, the transition of an object frpm one
power |staté to another is a power state event for the object. The state of a supply net is referenc¢d as a
Boolean expression (see 5.4) in the same manner that the state of a logic net is referenced. The power state
of a supply set or power domain can be referenced in an expression simply through the supply set or power-
domain name.

Examples

supply set 1i == SLEEP
-— Returns TRUE if supply set 1i is in a state consistent with state SLEEP

ALU PD != FULL OP
-— Returns TRUE if the ALU PD is in a state inconsistent with FULL OP
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5.8 Precedence

To support concise, easily written low-power specifications, UPF commands may range from very specific
to very generic in their scope of application. This enables specification of generic defaults that apply widely
except where more specific commands provide more focused information. This subclause describes the
precedence relations that determine which of several commands that potentially apply in a given situation
will actually apply.

A create_power_domain command (see 6.17) that explicitly includes a given instance in its extent shall
take precedence over one that applies to an instance transitively (i.e., applies to an ancestor of the instance,
and therefore to all of its descendants). A create_power_domain command that creates an atomic power

domait

If mull
multip
in ordg
and on|

a)
b)
¢)
d)
e)

If mul

actuallly apply to the port or part thereof, to the extent.allowed by the strategy.

A prefl
specifi
and se

the name_format command (see 6:35); A prefix or suffix explicitly specified using the name_{

commi
name |

If mulfiple supply connections potentially apply to the same port, the actual application is determined|

follow

f)
2

1 takes precedence over one that creates a non-atomic power domain.

tiple set_isolation commands (see 6.41), or multiple set level_shifter commands’ (see 6.
e set_repeater commands (see 6.48) potentially apply to the same port, the following'criteriaj
r from highest precedence to lowest precedence) determine the relative precedenice of the com
[y the command(s) with the highest precedence will actually apply:

Command that applies to part of a multi-bit port specified explicitly by name
Command that applies to a whole port specified explicitly by name

Command that applies to all ports of an instance specified explieitly by name
Command that applies to all ports of a specified power domdin with a given direction

Command that applies to all ports of a specified power domain

iple strategies of the same type have the sameshighest precedence, then all of those coni

x or suffix to be used to create names for'inserted isolation, level-shifter, and repeater cells
ed by the —name_prefix or —-name_suffix options, respectively, of set_isolation, set_level §
_repeater, takes precedence over, any user-defined prefix or suffix for these commands speci

ind in turn takes precedence)over the default prefix or suffix specified in the definition
format command.

ng precedence order, from highest to lowest precedence:
Command that explicitly connects to part of a port

Command that explicitly connects to a whole port
(e’gwconnect supply net -ports/-pins)

13), or
(listed
mands,

mands

that is
hifter,
fied by
ormat
of the

by the

h)

ral ot 4 41 1 tat s £ : vs L
comanaaratutoatearry  ConCOts O PpoOTts O ar MstanCe =T

e.g., connect supply set -connect -elements)

Command that automatically connects to ports of any instance in a given region
(e.g., connect supply set -connect or
connect supply net -pg type -domain/-cells)

Any explicit connection command takes precedence over implicit connections made by default.

For attribute specifications, there is no definition of precedence to select which of several potentially
applicable specifications apply. It is an error if any two UPF, HDL, or Liberty attribute specifications
provide different values for the same attribute of the same object.
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For simstates that apply to a given object at any given time, a more conservative (i.e., more corrupting)
simstate takes precedence over a less conservative (less corrupting) simstate.

The following also apply:
j)  The precedence of a command is independent of the current scope during the command processing.
k) It shall be an error if the precedence rules fail to uniquely identify the power intent that applies to an
object.

1)  The find_objects command (see 6.26) returns a list of explicit names; these names can refer to
whole objects or to elements thereof. When /ist arguments to command options are created using
find_objects, the level of precedence is based on the expanded value used as the argument, not as

the nattern or regular expression used-in find obiects
r o r u— J

m) | The symbol . in —elements {.} is an explicit reference to the instance corresponding tothe) furrent
scope.

5.9 Generic UPF command semantics

All mgp_* commands specify the elements to be used in implementation. Thesé specifications overtide the
elemenjts that may be inferred through a strategy. The behavior of this mahual mapping may lead to an
implerhentation that is different from the RTL specification. Therefore, itdnay not be possible for [logical
equivajence checking tools to verify the equivalence of the mapped elentent to its RTL specification.

5.10 effective_element_list semantics

The effective_element list is the set of elements to which‘a'‘ecommand applies. The effective_elemeni list is
constrycted from the arguments provided to the comimiand. The terms used in the description jof this
constryction include: element list, exclude list aggregate element list, aggregate exclufle list,
prefiltgr _element_list, and effective_element list-The element list and exclude_list are lists that contain the
elements specified by an instance of the command. The effective_element list, aggregate_element list, and
aggredate_exclude_list are associated with fhe named object of the command.

The fo]lowing arguments can determine’the effective_element _list:

a) | -elements element list addsthe rooted names in element _list to the aggregate_element list. It is not
an error for an element\to appear more than once in this list.
b) | -model model name/adds the rooted name of each instance that is an instance of the mode] to the
aggregate_element list.

c) | -models model list or -model model list adds the rooted name of each instance that is an instpnce of
any of the models in model list to the aggregate _element list. It is not an error for a model tolappear
more than once in this list.

d)

aggregate_element list.

e) If -lib /ib_name is specified along with -model model name or -models model list, the model is
selected only if it is present in /ib_name. This results in rooted names for only those models that are
present in the /ib_name library.

f) If -lib [ib name, -model, or -models is specified with an -elements option, the
aggregate_element _list is constructed by adding the rooted names from -elements and rooted names
resulting from any -lib/~-model/-models options.

g) -exclude_elements exclude list adds the rooted names in exclude list to the
aggregate_exclude_list. It is not an error for an element to appear more than once in this list. It is not
an error for an element in the exclude list to not be in the aggregate element _list.
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h)
i)
)
k)

)

When -elements element_list is specified with a period (. ), the current scope is included as a
instance in the aggregate_element list.

It shall be an error if the element list is not specified as one of {}, {.}, or {list}.

rooted

When -transitive is specified with the (default or explicit) value TRUE, elements (see 5.10.1) in
aggregate_element list that are not leaf cells are processed to include the child elements (see

5.10.2).

The prefilter _element_list comprises the aggregate _element list with any matching elements from

the aggregate _exclude list removed (see 5.10.2).

The command arguments identified as filters are predicates that shall be satisfied by elements in the
effective_element list. The prefilter _element list is filtered by the predicates to produce the

fa RV

m)

5.10.1

The d¢
figureq

a)

b)

e e L L L A 10
CJA/CLLLVC_CLCII!CILL_[A)L \D\/b L. AU, }.
The range of legal element types is command dependent for each command that usesi-elé

Each command specifies the effect of an empty aggregate element list. An expligitly em
may be specified with {}.

Transitive TRUE

tailed semantics of -transitive TRUE are described using Figure 3. Figure 4, and Figure

ments.
pty list

5. The

are exemplary; the text provides a semantic for the validation of the/result.

Given a design as shown in Figure 3 with a instance A in th& current scope, where A hal
elements B, C, and D; B has child elements E and F, C has ehild' elements G and H, and D ha
elements T and J.

(Current scope)

A
B C D
E F G H | J

Figure 3—Element processing example design fragment

If the specification:

5 child
s child

~e¥ements {A A/C/H} -exclude elements {A/C A/D} -transitive TRUE

is applied to the design fragment shown in Figure 3, then Figure 4 shows the four specified elements

by indicating them as boxed; those specified with exclude are shown with strike-through text
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(Current scope)

A

E F G H I J

Figure 4—Element processing specification

c) | Figure 5 shows the results of the effective_element list. The list includes
{A A/B A/B/E A/B/F A/C/H}

The elements included or excluded by transitivity are shown as dashed=boxes or with strike-through
text, respectively.

(Current scope)

Figure 5—Element processing result

5.10.2 Result

The required result is derived as follows:

Begin // at the current scope.

Initialize by traversing the hierarchy and set element.mark := exclude
For each element in the aggregate element list do
set element.mark := includeP

if (transitive = TRUE AND element NOT Leaf Cell) then
foreach child in element call mark child(child, include)

end if

done

For each element in the aggregate exclude list do
set element.mark := excludeP
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if (transitive = TRUE AND element NOT Leaf Cell) then
foreach child in element call mark child(child, exclude)
end if
done
For each element in the aggregate element list call check and add(element)
done

proc mark child(element, value)
if (element.mark != excludeP AND element.mark != includeP ) then
element.mark := value
if (element NOT Leaf Cell) then
foreach child in element call mark child(child, value)
end 1T

end if
erjld proc

pyoc check and add(element)
if (element.mark = includeP OR element.mark = include) then
if (for all filters filter (element) = TRUE) then
add element to effective element list
if (transitive = TRUE AND element NOT Leaf Celyl) then
foreach child in element call check andyadd(child)
end if
end if
end if
erld proc

NOTE+-Implementations may use any data structure or algorithm®that produces the same results as the prpceding
method|

5.11 Command refinement

Some JPF commands support incremental refinement. Commands that support incremental refinemjent are
called fefinable commands. A refinable command may be invoked multiple times on the same obj¢ct and
each ifjvocation may add additional arguments to those specified in previous invocations. The arguments of
a refinpble command that may be\added after the first invocation are called refining arguments; thgse are
shown| in boldface-green text and labeled with an R in their respective arguments listings. Certain
commgnds have refinable arguments; such arguments may have additional information about that argument
added pfter the first invaCation of the command, in much the same way that refinable commands mgy have
additignal arguments added later.

The fiffst instance of a refinable command identifies the object to which it applies; all mandatory arghments
shall bg declared in this call and any other arguments may also be included. Subsequent occurrenceq of the
commy
option

command applies (the object name following the command or option name, and for strategies, the domain
specification as well) shall also be included in each subsequent occurrence, but other mandatory arguments
are not required in subsequent occurrences of the command. The end result will be as if all of the arguments,
other than the -update argument, had been included in the initial occurrence of the command, either
individually (e.g., -clamp_value or -isolation_supply_set) or merged together into a single argument (e.g.,
-elements or -exclude_elements).

For example, the set_isolation command (see 6.41) can be invoked for the first time in a given scope to
define a strategy name for a particular domain. Subsequent set_isolation commands executed in the same
scope can specify the same strategy and domain names and also specify additional arguments to further
characterize the isolation strategy defined by the previous command. Similarly, the add_power_state
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command (see 6.4) can be invoked initially in a given scope to define a set of power states for a supply set.
A subsequent invocation of add_power_state in the same scope and for the same supply set may use the
-update option to add a -simstate specification to each power state definition.

When —update is used for command refinement, the following apply:

It shall be an error if —update is specified on the first command of a given kind that applies to a given

object.

It shall be an error if —update is not specified on subsequent commands of the same kind that apply

to the same object.

Except for those command arguments that aggregate (see 5.10 and 6.4), it shall be an error if

Examp
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previously specified value for the same argument.
e

ows a multiple-part refinement for a usage of set_isolation (see 6.41).
Constraint specification using port attributes

t port attributes
-elements {a b c¢ d}
-clamp value 0

Logical configuration

t isolation demo_strategy -domain pda
-elements {a b c d}
-isolation signal {iso_en}
-isolation sense {LOW}

Adding elements to the strategy

t isolation demo_strategy -doma@n pda -update
-elements {e f g}

Supply set implementation

t isolation demo_strategy -domain pda -update
-isolation supply set pda isolation supply

plementation-independent part of the power intent [see item a)] could also be declared

1 Verilog HDL usigjthe following attributes:
UPF clamp~value = "O" *) out a;
UPF _clamp value = "0" *) out b;
UPF ¢&lamp value = "O" *) out c;
UPE clamp value = "O" *) out d;

In this

case, the declaration shall have identical semantics to the equivalent UPF command.

5.12 Error handling

licts a

in the

If an error condition occurs, e.g., an incorrect command-line option is specified, then a TCL ERROR
exception shall be raised. This exception can be caught using the Tcl catch command, so these errors can
be prevented from aborting the active load_upf command (see 6.28). These errors shall have no impact on
further commands. Processing may continue after the error is caught. Sequencing of the error catch and
the choice of continuation is tool-dependent. The state of the design after an error is not defined.
Specifically, a command that raises an error may partially complete before aborting.
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In general, all commands that fail shall raise a TCL_ERROR. As described in the Tcl documentation, the
global variables accessible after an error occurs include errorCode and errorinfo.

NOTE—The message string returned by the Tcl catch command is not specified in this standard.

5.12.1

errorCode

After an error has occurred, this variable contains additional information about the error in a form that is
easy to process with programs. errorCode consists of a Tcl list with one or more elements. The first element
of the list identifies a general class of errors and determines the format of the rest of the list. There are
several formats for errorCode used by the Tcl code; see also the Tcl command reference [B6].

Errors
applicd
UPF .

a)

defined in this standard are prefixed with UPF_, as shown in the following definitionsNnd|
tions that implement this standard may define and use additional error codes that deyhot sta
Implementations need to use errors appropriate to their application.

UPF_RETURN NOT VISIBLE error data

This error code indicates the objects referenced in the response of a query~ are not in the
scope. Queries return object names rooted in the current scope. Beeause they are called
current scope that may be different from the scope in which all objects’to be returned are vis
shall be an error if the query cannot represent the objects to be returiied as a rooted name.

The UPF RETURN NOT VISIBLE error may be raised dn these cases where there are n
errors. When this code is returned, the error data is{defined to be the same as the query|
have returned, but with fully qualified names for the gbjécts not visible in the current scope.

UPF_QUERY OBJECT NOT DEFINED erro¥idata

This error code indicates a query is called with{@specific name argument and the named objed
defined in the current scope.

UPF_UPDATE CONFLICT error.ddata

This error code indicates a command has been called with arguments that conflict with pre
specified values.

UPF UPDATE MISSING error_data

This error code indicates a command has been called without the -update argument and the
object has already been defined.

UPF UPDATENOBJECT NOT FOUND error data

This errer.€ode indicates a command has been called with the -update argument and the
object has’not been previously defined.

UPF-OBJECT NOT FOUND error data

ividual
rt with

current
from a
ible, it

b other
would

t is not

iously

named

named

I'his €rror code mdicaics a name referenced 1m a command 1S not deTined 1n the current sCope

5.12.2 errorinfo

See the Tcl command reference [B6].

5.13 Units

Voltage values are expressed as real number literals that represent voltage measurements with the implicit
unit of 1 V. For example, the literal 1.3 represents 1.3 V, or equivalently 1300 mV, or 1 300 000 uV.
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6. Power intent commands

This clause documents the syntax for each UPF command. For details concerning the simstate semantics,
see Clause 9.

6.1 Categories

Each command in this clause is categorized based on the following definitions. Unless otherwise mentioned,
all constructs (commands and/or options) in this standard are considered Current. Constructs considered as

Legacy-er-Peprecated-shat-be-expheithy-deneted:

a) | Current—A construct defined in the standard with the following characteristics:
1) Itis recommended for use.
2) Its semantics fully support the latest concepts.
3) Its interaction with other related constructs is well defined.
4) Itis expected to be part of the standard and be considered for gxtension in future versiorfs.
b) | Legacy—A construct defined in the standard with the following-characteristics:
1) [Itis not recommended for use for new code.
2) Its semantics are not interoperable with all of the\latest UPF concepts.
3) It will not be considered for extensions in future versions.

4) It is included for backward compatibility only, e.g., set_isolation -isolation_power_nlet (see
6.41).

Legacy constructs (commands and/gryjoptions) have not had their syntax and/or semantics updated to
be consistent with other commands'in this version of the standard, so their descriptions may ¢ontain
significant obsolete information’ and their semantics may not be interoperable with the lateft UPF
concepts.

c) | Deprecated—A construct defined in the standard with the following characteristics:
1) Itis not recommended for use for any code.
2) It will'not be considered for extensions in future versions.

3) Itimay be deleted from future versions, e.g., merge_power_domains (see 6.34).

Deprecated commands are noted in this standard without syntax definitions or sgmantic
anlonatioane 1) tad antione AF (4 4 ande gra pmoatad 10 tha oxoatoy Ao e oo Pthose
explanations—Depreeated-options—of Current-commeands-are-notedin-the-syntax—definition-of
commands, but are not mentioned in the semantic explanations of those commands. For more details
on any deprecated constructs, see IEEE Std 1801™-2009 [B3].

For recommendations on how to use Current constructs to replace Legacy and Deprecated ones, see
Annex D.

6.2 add_domain_elements [deprecated]

This is a deprecated command; see also 6.1 and Annex D.
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6.3 add_port_state [legacy]

Purpose | Add states to a port

add_port_state port name

Syntax {-state {name <nom | min max | min nom max | off>}}*
port_name The name of the supply port. Hierarchical names are allowed.
Arouments| ~State {name <nom | The name and value for a state of the supply port. The value can be a
g | min max| min nom max nominal voltage; a pair specifying the minimum and maximum voltage; a
| off>} triplet of values specifying the minimum, nominal, and maximum voltages;
or off.

Refurn | Return the fully qualified name (from the current scope) of the created port or raise a TCL Y\ERRDOR if
vdlue any of the port states are not added.

This is|a legacy command; see also 6.1 and Annex D.
The add_port_state command adds state information to a supply port. If the yoltage values are sp¢cified,
the supply net state is FULL_ON and the voltage value is the single noniifial value or within the rgnge of
min tofmax; otherwise, if off is specified, the voltage value is OFF.
It shall be an error if port name does not already exist.

It shall be an error if nom < min or max < nom.

Syntax example:

aqd port state VNI
-state {active state 0.88 0+80 0.92}
-state {off state off}

6.4 agdd_power_state

Purpose | Define powerstate(s) of a power domain or supply set

add_power_state object_name
[Esupply | -domain]
[ystate {state_name [-supply_expr {boolean_expression}]
Symtax [-logic_expr {boolean_expression}]
[-simstate simstate] [-legal | -illegal]}]*
[-complete]
[update]
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object_name Simple name of a power domain or supply set.
-supply | -domain These arguments specify the kind of object to which this command

applies. If -supply is specified, the object name shall be the name of a
supply set or a supply set handle. If -domain is specified, the
object_name shall be the name of a power domain. If neither is
specified, the type of object name determines the kind of object to
which the command applies.

-state {state name ...}  state_name is the simple name of the state being defined or refined.

-supply_expr -supply_expr specifies a Boolean expression defined in terms of R

{boolean_expression} supply ports, supply nets, and/or supply set handle functions that

evaluates to True when the object is in the state being defined.

-logic_expr -logic_expr specifies a Boolean expression defined in termg-oflogic| | R
{boolean_expression} nets and/or power states of supply sets and/or power domains that

evaluates to True when the object is in the state being defiried.
Arguiments

-simstate simstate -simstate specifies a simstate for the power states\@ssociated with a R
supply set. Valid values are NORMAL, CORRUPT ON_CHANGE
CORRUPT _STATE_ON_CHANGE,
CORRUPT_STATE_ON_ACTIVITY,
CORRUPT_ON_ACTIVITY, CORRUEPT, and NOT NORMAL.
See 4.4.2.6.

-legal | -illegal These options specify the legality of the state being defined as either R
legal or illegal. The defaultis’-legal.

-complete Specifies that all power states to be defined for this object have been R
defined. This impli€s'that all legal power states have been defined an
any state of the ebject that does not match a defined state is an illegal
state.

-update Indicates-this command provides additional information for a previoug | R
commiand with the same object name and executed in the same scopd.

Return | Return an empty string if successful or raise a TCL_ERROR if not.
vallue

Semanfics

add_ppwer_state defines one or more power states of an object. Each power state definition is indegendent
of any|other powerstate definition. Two different power states of the same object may have intersedting or
overlapping -supply_expr and/or -logic_expr expressions. Such states may have different legalifies. A
power |[domain'er a supply set may be in a state that matches more than one power state definition.

The power states defined for a given object include only those defined explicitly for that object [and for
power states of a supply set or supply set handle, the default power states DEFAULT_NORMAL and
DEFAULT_CORRUPT (see 4.6.3)]. Power states defined for one object are not inherited implicitly by any
related object (e.g., by a supply set handle with which a supply set has been associated or vice versa).
However, power states of one object may be defined in terms of power states of another object, to represent
dependencies or correlation of power states.
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The set of power states for a given object may be specified incrementally by using -update. The first
add_power_state for that object may define one or more power states. Subsequent add_power_state
-update commands for the same object may define additional power states.

A power state definition itself may also be specified incrementally by using -update. The initial definition
of the power state defines at least the power state name and may specify additional information about this
power state. Subsequent add_power_state -update commands for the same power state of the same object
may specify additional details about that power state.

If a power state definition defined with a -supply_expr is updated with another -supply_expr, the definition
becomes the conjunction of the two.

Simila
definit

A logi
one val
errone

The -1

clock {
expres

a)

b)

d)

supply expr' = (previous supply expr) && (-update supply expr)

ly, if a power state definition defined with a -logic_expr is updated with another --logic_ex|
on becomes the conjunction of the two.

logic_expr' = (previous logic_expr) && (-update logic_expr)

Lal contradiction exists when a logic net or supply set or power domaif is specified to be mo
lue for the state, e.g., (enable == ‘1’) and (enable == X0”,). A power state defin|
pus if it contains logical contradiction(s).

pgic_expr boolean expression shall be a Boolean expression (see 5.4) referencing control §

sion forms may appear in this expression:
interval(signal _name edgel edge?2)

Equivalent to
the time between the most recent two specified edges of signal name
(returns the largest supported time value until both edges have occurred)

where
edgel, edge? shall be one of posedge or negedge.

interval(signal _name edge)

Equivalent to
interval(signal -name edge edge)

interval(signal name)

Equivalentto
interval(signal _name posedge posedge)

supply _set == power_state

pr, the

re than
ition is

ignals,

ignal intervals, and/or power states of a supply set or power domain. For convenience, the following

e)

Equivalcut to
{ logic_expression && supply expression }

where

logic_expression and supply expression are the boolean expressions used to define the

power_state of supply _set.
power_domain == power_state

Equivalent to
{ logic_expression }

where

logic_expression is the boolean_expression used to define the power_state of power _domain.
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Examples
-logic_expr { enable == 1'bl && interval (clk) < 5ps }
-logic _expr { core pd.primary == ON 1d2v }
-logic expr { core pd == turbo && ram pd != sleep }

Within a logic expression specified as part of a power state definition for a given power domain, the supply
set handles of that power domain may be referenced directly without prefixing the name with the supply set
or supply set handle name. To refer to an object declared in the current scope with the same name as a
supply set handle of the power domain, the object name shall be prefixed with . /.

The -sppply_expr boolean_expression shall be a Boolean expression (see 5.4) that may referenée[supply
nets, sppply ports, and/or functions of supply sets or supply set handles. For convenience,.the following
exprespion forms may appear in this expression:

f) | supply _net == net_state

Equivalent to
{ supply net.state == net _state }

where
supply net is the name of a supply port or net or a supply set (handle) function
net_state is the name of a state associated with supply net.

g) | supply_net == { net_state min_voltage max_voltage }

Equivalent to
{ supply net.state == net_state &&
min_voltage <= supply net.voltage && supply._net.voltage <= max_voltage }

where
supply net is the name of a supply port ornet or a supply set (handle) function (see 4.6.1)
net_state is the name of a state associated with supply net.

h) | supply net == { net _state nom_voltage }

Equivalent to
{ supply net == { net_stateanin_voltage max_voltage }} for verification.

where
supply net is the name of a supply port or net or a supply set (handle) function
net_state is the.name of a state associated with supply net
min_voltage="nom_voltage — threshold
max_voltage= nom_voltage + threshold
threshgld'= 0.000001 * 106 — min(6,sigdigits)) / 2
sigdigits = # of significant digits to the right of the decimal point in nom_voltage.

Thisform is for verification only; it is an error if it is used for implementation.

It is an error if min_voltage > max_voltage.

NOTE 1—The value of the Tcl variable tcl precision, which specifies how many digits of precision are preserved
when converting a floating-point number to a string, may affect the result of the preceding transformation if it is set to a
number less than sigdigits.

1) supply net == { net_state min_voltage nom_voltage max_voltage }

Equivalent to
{ supply net == { net_state min_voltage max_voltage }} for verification.
Implementation tools may use all three values to help make implementation choices.

It is an error if min_voltage > nom_voltage or nom_voltage > max_voltage.
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Examples
(VDD == { FULL ON 0.8 } }isequivalentto { VDD == { FULL ON 0.75 0.85 }}
{Pwr == { FULL ON 0.925 } }isequivalentto { Pwr == { FULL ON 0.9245 0.9255 }}
{Gnd == { FULL ON 0.00 } }isequivalentto { Gnd == { FULL ON -0.005 0.005 }}

Within a supply expression specified as part of a power state definition for a given supply set or supply set
handle, the functions of that supply set or supply set handle may be referenced directly without prefixing the
name with the power domain name. To refer to an object declared in the current scope with the same name
as a function of the supply set or supply set handle, the object name shall be prefixed with . /.

Restri

i)

k)

D

p)
Q
r)

t)

LIONS

If a supply expression is used to define a power state of a given supply set or supply'sét hapdle, it
shall only refer to supply ports, supply nets, and/or functions of the given supplynset-or supply set
handle. It is an error if such a supply expression refers to functions of anothersupply set or [supply
set handle.

If a logic expression is used to define a power state of a given supply set ot supply set handle, [it shall
only refer to logic ports, logic nets, interval functions, and/or power states of the given supply set or
supply set handle. It is an error if such a logic expression refers to fanctions of a supply set or|supply
set handle, power states of another supply set or supply set handle, or power states of a domajn.

If a logic expression is used to define a power state of a given power domain, it shall only fefer to
logic ports, logic nets, interval functions, power states of supply sets or supply set handles,|and/or
power states of other power domains. It is an error if.such a logic expression refers to supply ports,
supply nets, or functions of a supply set or supply setshandle.

It is an error if a supply expression is used to define a power state of a power domain.
It is an error if a simstate is associated with a power state of a power domain.

When -simstate

1) s first specified for a named state, any of the arguments may appear.

2) 1is specified as NOT_NORMAL, the effect shall be the same as if CORRUPT hafl been
specified, see (4.6.3), except that the definition may be subsequently refined to any s{mstate
other than NORMAL.

3) has previously Jbeen’ specified as NORMAL, CORRUPT, CORRUPT_ON_ACTIVITY,
CORRUPT_ON' CHANGE, CORRUPT_STATE_ON_CHANGE, or CORRUPT_STATE
_ON_ACTIVITY, it shall be an error if an add_power_state -update command for the same
object speoifies any simstate other than that originally specified (e.g., once CORRUPT has
beenspecified for a particular state, it shall remain as CORRUPT in any subsequent ypdates
forthe definition of that state).

Theé simstate for DEFAULT_NORMAL is NORMAL.
The simstate for DEFAULT CORRUPT is CORRUPT.

There is no default simstate for a user-defined power state.

The supply set is in the DEFAULT _CORRUPT power state when it is not in one of the defined
power states of the supply set that have simstates defined on them, including the
DEFAULT_NORMAL predefined state.

If -illegal has been specified in the definition of a power state for a given object, it is an error if that
object is in a state that matches the definition of that power state. A verification tool shall emit an
error message when an object is in an illegal power state.

If -complete has been specified in an add_power_state command for a given object, it is an error if
that object is in a state that does not match any of the defined power states. A verification tool shall
emit an error message when an object is in such an undefined state.
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v) If-complete has been specified on an add_power_state command for a given object, it is an error if
a subsequent update to that command is executed.
NOTE 2—The choice of state name has no simstate implications.

NOTE 3—Implementation tools may optimize a design based on the presumption illegal states never occur. Such
optimizations are allowed only if they do not change the behavior of the design.

NOTE 4—If the add_power_state command for the primary supplies of two interconnected domains are both defined
as complete, this implies that all intended legal states have been defined for each domain, and, therefore, all possible
state combinations of the two domains have been defined.

Syntax examples:

aqd power state PdA.primary -supply
-dtate {GO_MODE
—logic expr SW ON -simstate NORMAL

-supply expr { (power == {FULL ON 0.8})
&& (ground == {FULL ON 0})
&& (nwell == {FULL ON 0.8})}

-qtate {OFF MODE

-logic expr {!SW _ON}

-supply expr {power == {OFF}}

—-simstate CORRUPT}

-qtate {SLEEP MODE

-logic_expr {SW _ON && (interval (clk dyn peSedge negedge) >= 100ns)}

-supply expr { (power == {FULL ON 0.8})
&& (ground == {FULL ON 0})
&& (nwell == {FULL ON 1.0})}

-simstate CORRUPT STATE ON CHANGE}
adqd power state PdA.primary -supply’-update -complete
add power state PdTOP -domain

-state {GOGO -logic expr {ul/PdA.primary == GO MODE} }
aqd power state PdTOP -statfie {GOGO -legal} -update

6.5 add_pst_state [legacy]

Purlpose | Define the states of cach of the supply nets for one possible state of the design

add)pst_state state name
Syntax -pst table_name
-state supply states

STare TIame ThesimpteTrame of the state-beingdefined:
-pst pst_name The power state table (PST) to which this state applies.
Arguments
-state supply states The list of supply net state names (see 6.20), listed in the corresponding

order of the -supplies listing in the create_pst command (see 6.19).
A * in place of a state name indicates this is a “don’t care” for that supply.

Return | Returna 1 if successful or raise a TCL_ERROR if not.
value

This is a legacy command; see also 6.1 and Annex D.
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The add_pst_state command defines the name for a specific state of the supply nets defined for the PST
table_name.
It shall be an error if

The number of supply states is different from the number of supply nets within the PST.

A state_name is defined more than once for the same PST.

Syntax example:

create pst pt -supplies { PN1 PN2 SOC/OTC/PN3 }

add pst state sl —-pst pt —state

s08 s08 s08

adg
ag

6.6 aj

bply_power_model

{ }
d pst state s2 -pst pt -state { s08 s08 off }
d pst state s3 -pst pt -state { s08 s09 off }

Purlpose | Connects the interface supply set handles of a previously loaded power model

Syntax [-elements instance_list]

apply_power_model power model name

[-supply_map {{lower_scope_ handle upper scope supphiset}*}]

Arguments

power_model_name The name a previously defined power model. See 6.8.

-elements instance_list ~ The list of instances to which the specified power model applies.

-supply_map How the interface.sGpply handles of the corresponding power model
{{lower_scope_handle nect with the actual supply sets or supply set handles in the current s
upper_scope_supply set

3*}

con-
ope.

Re|

vdlue

urn | Returna 1 if successful or raise a’TCL_ERROR if not.

The apply_power_model command describes the connections of the interface supply set handls

previo
instant

If -ele
macro
3.8 apy

isly loaded power model with the supply sets in the scope where the corresponding macro ¢
ated.

ments is net'specified, the specified supply association is applied to all instantiations of t
cells by.the specified power model (see 6.8) under the current scope. The general precedence 1§
ly here\as well.

s of a
tlls are

rgeted
ules in

Each pai

general form:

associate supply set upper scope supply set
-handle lower scope handle

The arguments of the -supply_map option need to be such that the implied associate_supply_set
commands are legal.

The supply connection specified by -supply _map overwrites any implicit or automatic supply set
connection. It is an error if a specified supply connection in -supply_map conflicts with any explicit
connections.
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The following also apply:
a) It is an error to update any power intent command specified within a power model from outside of
this model.
If a power model has any power state specified with simstate NOT_NORMAL, it cannot be
updated with a specific simstate from commands outside of the power model. As a result, the
CORRUPT simulation semantics shall apply to the power state (see 9.4).
b)  The processing of this command shall follow the description in Clause 8.

¢)  When apply_power_model is used with -elements, it is an error if the underlying cell name of each
instance does not match the corresponding macro cell name specified in the -for option of
begin_power_model (see 6.8) or the power model name when the -for option (of

begimpower_modeh s ot speetfied:
Syntax example:

agply power model upf model -elements Il -supply map {{PD.sshl,s81} {PD.|ssh2
ss2}}

For otljer examples of using these commands, see Annex E.

6.7 agsociate_supply_set

Purpose | Associate a supply set with a power domain, power switch,or strategy supply set handle

associate_supply_set supply set name

Syptax -handle supply set handle
supply_set_name The rooted name-of a supply set to associate with a supply set handlq.
Argyments -handle The supply set handle with which the supply set is associated.

supply set_handle

Return | Return an empty string if suceessful or raise a TCL_ERROR if not.
value

The askociate_supply_setCommand associates a supply set with a power domain, power switch, or sfrategy
supply| set handle (see 5.313.2). As a result, each function of the named supply set is associated with the
corresponding functiofivof the supply set handle, which makes the named supply set and the supply set
handle|equivalent {see 4.4.3). Both the supply set _name and the supply set handle shall refer to predefined
or preyiously created supply sets.

The supply ,set_handle may be a predefined supply set handle. The predefined supply set handles| are as
follows:
a) The predefined supply set handles for a power domain domain name (see 6.17) include:
domain_name.primary, domain_name.default_retention, and domain_name.default_isolation.
User-defined names for supply set_handle are also permitted.

b) The predefined supply set handle for a power-switch switch name (see 6.18) is
switch_name.supply.

c¢) The predefined supply set handles for an isolation cell strategy isolation name (see 6.41) are
domain_name.isolation_name.isolation_supply_set, if there is only one isolation supply set, or
domain_name.isolation_name.isolation_supply_set[index|, where index starts at O, if there are
multiple isolation supply sets. The named supply set may be associated with one of these supply set
handles using the associate_supply_set command as follows:
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d)

e)

It shall

Syntax

ag

NOTE-
transitiy

ag
ag

ag

6.8 begin_power_model

associate supply set ULl/PDl.my iso.isolation supply set\[1\]
-handle U1/PDl.my iso.clamp

The predefined supply set handles for a level-shifter strategy level shifter name (see 6.43) are

domain_name.level _shifter name.input and domain_name.level shifter name.output.

The predefined supply set handle for a retention strategy retention_name (see 6.49)

domain_name.retention_name.supply.

be an error if

The supply set handle is defined for a strategy and more than one supply set is associated with that

supply set handle.

The associations of supply sets with supply set handles form a loop of associations;

examples:

sociate supply set some supply set
-handle Ul1/PDl.mem_ss

—A supply set handle can also appear as the supply set name in an associate_supply_set command. Thi
¢ association of supply sets, such as the following:

sociate supply set top level SS -handle PDI{primary
sociate supply set PDl.primary —handle RDZ.backup

sociate supply set PDl.primary —handle PD3.default isolation

ancestor scope is associated with that supply set handle or more than one supply set defined i
scope of the power domain or a descendant scope is associated with that supply set handle:

allows

Purfpose | Define a power model

Sy

begin_power_model power_model name

Hax [-for model list]

Arguments

power_model -udme The name of the power model.

-for modelMist The names of the hard IP or macro cells to which the power model applies.

urn | Returfia 1 if successful or raise a TCL_ERROR if not.

faining

[]
other UPF commands. A power model is used to define the power intent of a hard IP and shall be used in
conjunction with one or more model representations. A power model defined with begin_power_model is
terminated by the first subsequent occurrence of end_power_model in the same UPF file.

-for indicates that the power model represents the power intent for a family of model definitions. When -for
is not specified, the power _model name shall also be a valid macro cell name. It is an error if the targeted
model has a UPF_is leaf cell attribute set to FALSE. It is also an error if any design objects referred
to in a power model cannot be found in the corresponding library model or behavioral model of the cell.

A power model can be referenced by its simple name from anywhere in a power intent description. It is an
error to have two power models with the same name.
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It is also an error if the following commands are specified within the model:
— name_format (see 6.35)
— save_upf (see 6.36)
— set_scope (see 6.52)
— load_upf -scope (see 6.28)
— begin_power_model (see 6.8)

— apply_power_model (see 6.6)

— | Any deprecated/legacy commands/options (see Annex D)

To sperify supplies coming into or out of the model, or a supply that has at least one datalport relatqd to it,
use thq -supply option of the create_power_domain command (see 6.17) for the top-Sedpe power domain
of the power model. In addition, the system power states defined upon these supply/set/handles becoame the
power |state definition at the interface of the power model, which shall be consistent with the uppet-scope
systen] power states into which the corresponding upper-scope supply sets are mapped (see 6.4). The
definedl supply set handles are also called interface supply handles of the power model. Finally, the simstate
simulaion semantics described in 9.4 applies to all supply sets or supply:set handles defined within a power
model

All popver commands within a power model describe power intént that has already been implementg¢d with
the tarpeted cells. No new logic or design objects shall be, inferred within the cell instances target¢d by a
power model.

A power model can be applied to specific instances using apply_power_model (see 6.6). A power|model
that is hot referenced by an apply_power_model command does not have any impact on the power ifjtent of
the dedign.

Syntax example:

bggin power model uypf model -for cellA
create power=domain PDl1 -elements {.} -supply {sshl} -supply {ssh2}
; # otheflcommands ..

erjd_powex-model

For mqrésexamples of using these commands, see Annex E.

6.9 bind_checker

Purpose | Insert checker modules and bind them to instances

bind_checker instance name
-module checker name

Syntax [-elements element list]

[-bind_to module [-arch name]]

[-ports {{port name net_name}*}]
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instance_name The name used to instance the checker module in each instance.

verification code itself shall be written in SystemVerilog, but it can b
bound to either a System Verilog or VHDL instance.

-module checker_name  The name of a SystemVerilog module containing the verification code. The

c

Arguments| -elements element list ~ The list of instances.

name) instances are the target of this command.

-bind_to module [-arch  The SystemVerilog module or VHDL entity/architecture for which all

-ports {{port_name The association of signals to the checker’s ports.
net nﬂmo}*}

Re

vdlue

urn | Return an empty string if successful or raise a TCL_ERROR if not.

The bind_checker command inserts checker modules into a design without modifying-the design ¢

intrody
Systen
withou
design

Signal
list. TH
adding]

If -bind_to is specified, an instance of checker is creatéd in every instance of the module. Otherw

instang

port n
scope

It shall
This ¢

Syntax

ind chegker chk p clks

cing functional changes. The mechanism for binding the checkers toninstances relies

1 Verilog bind directive. The bind directive causes one module to be instantiated within a|
t having to explicitly alter the code of either. This facilitates the complete separation betwyq
implementation and any associated verification code.

b in the target instance are bound by position to inputs in the bound checker module through ¢
us, the bound module has access to any and all signals ifhthe scope of the target instance, by
them to the port list, which facilitates sampling of arbitrary design signals.

e of the checker is only created within the current scope.

ime is a port defined on the interface of-¢/iecker _name and net_name is a name of a net relativ
where checker _name is being instantiated.

be an error if instance_name already exists in -bind_to module.

mmand is for verification only; implementation tools shall ignore it.

example:

odufeNassert partial clk

iAd _ to aars

ode or
on the
hother,
en the

he port
simply

ise, an

e to the

\ - 4 13 N PR
OTrCS {1PLCI CIKIIECZ T {POrto neta 7

Modeling mutex assertions

To model mutex assertions (see 6.50 and 6.49), the assertions can be put in a SystemVerilog
checker module with following interface:

module checker module ( save, restore, reset a, clock a );

input save, restore, reset a, clock a;

different mutex assertions

endmodule
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The bind_checker command would look like the following:

b

{
{
{

6.10

ind checker mutex checker inst -module checker module \
ports { {save PDA.test retention.save signal } \
restore PDA.test retention.restore signal } \

reset a reset a } \

clock a clock a } }

connect_logic_net

1801-2013

Pu

rpose | Connect a logic net to logic ports

Syntax -ports port_list

connect_logic_net net name

[-reconnect]

Arguments are located in the current scope and its descendants.

net_name A simple name.

-ports port_list A list of ports on the interface of the current scep¢ and/or on instanc

s that

existing net and connected to net name.

-reconnect Allows a port that is already connected to“a net to be disconnected frgm the

Return | Return an empty string if successful or raise a TCL_ERROR if not.
vdlue

The cannect_logic_net command connects a logic netto-the specified ports. The net is propagated t

implic
scope

net_ndame in the active UPF scope to any element in port_list shall not cross any power-domain boun|

The net and ports shall be of a compatible-type. The following HDL types are compatible with each g

It shall be an error if:

a)

b)

tly created ports and nets throughout the logic hierarchy in the descendant subtree of the actiy
ps required to support connections created by connect_logic_net (see 9.2). The connectio

SystemVerilog logic
VHDL std ulogic

net_name is.110t*the name of a logic net defined in the current HDL scope either explid
implicitly @s-a'result of a create_logic_net command.

-re¢onnect option is specified.

¢)

ALowConn port in port_list is already connected to a different net than net name.

hrough
e UPF
h from
daries.

ther:

itly or

A HighGenn port in port list is already connected to a different net than net name, unlgss the

d)

NOTE

The same port name occurs in the port_list of multiple connect_logic_net commands with different

net_name arguments.

1—Use create_logic_port (see 6.16) to create new logic ports on power-domain boundaries.

NOTE 2—This command exists to allow for the propagation of signals from a power-management block. Using this

command to provide non-power control connections may cause the logic function to diverge from the HDL and is
strongly discouraged.

Syntax

Cco

example:

nnect logic net tree top
-ports {s b}
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6.11 connect_supply_net

Purpose | Connect a supply net to supply ports
connect_supply_net net name
[-ports ports_list]
[-pg_type {pg type list element list}]*
Svntax [-vet vet name]
y [-cells cells_list]
[-domain domain_name]
[-pins pins_list]
[-rail_connection rail type]
net_name A simple name.
-ports ports_list A list of rooted port names.
-pg_type {pg type list  An indirect connection specification via the pg type-onthe instance’§ ports.
element list}
Arguments
-vet vet_name A value conversion table (VCT) defining how Values are mapped fromp UPF
to an HDL model or from the HDL model‘toJUPF.
-cells cells _list A list of cells to use for -pg_type or=rail_connection.
-domain domain_name  The domain indicates the scopé\te use for -pg_type or -rail_connectjon.
-pins pins_list A list of pins on cells to¢onnect.
This is a deprecated 6ption; see also 6.1 and Annex D.
Deprecated
arguments . . . . .
-rail_connection The rail type (fer.older libraries).
rail_type This is a deprecated option; see also 6.1 and Annex D.
Return Return an empty string if successfulor raise a TCL_ERROR if not.
value
The cqnnect_supply_net command connects a supply net to the specified ports. The net is progagated
through implicitly created ports, and nets throughout the logic hierarchy in the descendant subtree| of the
current scope as required tg support supply port/net connections made explicitly, automatically, or implicitly
(see 9]2) This explicitconnection overrides (has higher precedence than) the implicit and aufomatic
connedtion semantics.(see 9.2) that might otherwise apply. -domain or -cells is required when the -pg_type
optionlis specified:
If connect_'supply_net is used to connect a supply net defined with create supply net -domfin D
(see 6.P0)%0 a pg pin of an instance, then the instance shall be in the extent of power domain D.

Use the following:
-ports to connect to supply ports.
-cells to connect to all pins of the appropriate type (power or ground) on the specified cells.
-pg_type to connect to ports on the instances that have the specified pg type.

-vet to indicate that for every HDL port to which the net is connected, the supply net state shall be
converted if it is being propagated into the HDL port (see 6.23) or the HDL port value shall be
converted if it is being propagated onto the supply net (6.14). -vet is ignored for any connections of
the supply net to supply ports defined in UPF.
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The following also apply:

It shall be an error if any cell, domain, port, supply net, or instance specified in this command does

not exist.

It shall be an error if the value conversions specified in the value conversion table (VCT)
match the type of the HDL port.

do not

It shall be an error if neither -ports nor -pg_type is specified in a connect_supply_net command.

The -ports option is mutually exclusive with the -cells, -domain, and -pg_type options.

Automatic propagation of a supply net throughout the extent of a power domain is determined by its

usage within the domain, such as primary supply, retention supply, etc.

Syntax

Ccdq

Ccdq

Tt IS 1 1 . P P P PEEET I
IUSHAIT DC dll CITO 1L i€l AIdrie 11ds TI0U DCCIL PICVIOUSTY CICALCd, TIT U1LS CdST, d U SIIdll DC TTLUL

If -pg_type is specified, it shall be an error if an instance does not exist or the specified attribul
not exist on any port of the instance.

examples:

nnect supply net fb
-ports {jk Jb}

nnect supply net mc
-ports {rl}
-vct SV _TIED HI

1ed.

te does

The fo]lowing command connects the supply net VDDX to.the VDD port of a hierarchical instance I1)I2:
cqdnnect_supply net VDDX -ports I1/I2/VYDD
The following command connects the supply net&VDDX to the VDD ports of all instances within hierarchical
instande I1/12:
cqnnect supply net VDDX ~gorts [find objects I1/I2 -pattern “*/VDD” -
object type port]
6.12 ¢onnect_supply_set
Purfpose | Connecta supply set to particular elements
eonnect_supply_set supply set ref
{-connect {supply function pg type list}}*
Syptax -elements element_list
yr——[[—e*el-uel-e—e}emeﬂtgmjludc tistt
[-transitive [<TRUE | FALSE>]]
supply_set_ref The rooted name of the supply set.
-connect Define automatic connectivity for a supply function of the supply set ref
{supply_function as ports having the specified pg_fype_list attributes (see 6.11).
Arguments pg_type_list}
-elements element list ~ The list of instance names to add.
-exclude_elements The list of instances to exclude from the effective_element list.
exclude list
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Arguments| -transitive [<TRUE | If -transitive is not specified at all, the default is -transitive TRUE.
FALSE>] If -transitive is specified without a value, the default value is TRUE.

Return | Return an empty string if successful or raise a TCL_ERROR if not.
value

The connect_supply_set command connects a supply set to the specified elements. The nets of the set are
propagated through implicitly created ports and nets throughout the logic hierarchy in the descendant
subtree of the current scope as required to implement the supply net connection (see 9.2) This explicit
connection overrides (has higher precedence than) the implicit and automatic connection semantics (see 9.2)

that ml'ght otherwise ayyl_y T

This ¢

a)

b)

¢)

d)

-conng
the add

NOTE-
specifid

It shall

mmand applies to elements in the effective_element list (see 5.10) as follows:

filtered to only include elements within the extent of the domain.

filtered to only include all elements connected to the strategy’s supply-

When supply set ref refers to a handle associated with a domaintand the aggregate elemen
empty, all elements in the extent of the domain are added td'the aggregate element list.

When supply set ref refers to a handle associated with a strategy and the aggregate elemen

aggregate_element list.

ct is additive, i.e., on a particular supply fanction, a subsequent invocation setting pg type li
itional pg_type list.

d via an explicit or implied element: list.

be an error if

-connect.

More than‘one supply net is connected to the same port in an instance, even if the connectio

cennect_supply net, etc.

When supply set ref refers to a handle associated with a domain, the prefiltér element| list is

When supply set ref refers to a handle associated with a strategy,. the' prefilter element| list is

| list is

' list is

empty, all elements connected to the respective strategy supply are added {o the

¢ adds

-The exclude list in -exclude_elements can specify elements that have not already been explicitly or impplicitly

A particular pg #pe_list is associated with more than one supply net for any given instgnce in

is the

result )of more than one command that connects supply nets, e.g, connect supply_set,

Any element of element list or exclude_list is not in a specified domain or strategy referenced in the

supply set_handle.

Syntax example:

connect supply set some supply set

-elements {Ul/U_mem}
-connect {power {primary power}}
-connect {ground {primary ground}}
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6.13 create_composite_domain

Purpose | Define a composite domain comprised of one or more subdomains
create_composite_domain composite_domain_name
Svntax [-subdomains subdomain_list]
y [-supply {supply set handle [supply set ref]}]
[-update]
composite_domain_ The name of the composite domain; this shall be a simple name.
name
-subdomains The -subdomains option specifies a list of rooted domain names, R
subdomain_list including any previously created composite domains.
Arguments| -supply The -supply option specifies the supply set handle for R
{supply_set _handle composite_domain_name. If supply set_ref'is also specified, the
[supply_set refl} domain supply set handle is associated with the specified
supply _set _ref. The supply set ref may be any supply.set visible in the
current scope. See also 6.7.
-update Use -update if the composite_domain_name’has already been definefl.| R
Relum Return an empty string if successful or raise a TCL_ERROR if not,
vajue

A composite power domain is a simple container for a set<of power domains. Unlike a power dorpain, a
compokite domain has no corresponding physical region on the silicon. Attributes like power states gnd the
primarfy supply set_handle can be specified on a composite domain, but these attributes shall not be gpplied
to subdomains. However, operations performed ‘on’” the composite domain shall be applied tp each
subdorpain, e.g., defining a strategy.

The following commands, applied to a composite domain, are applied to each subdomain if and only if the
applicgtion of that command does not result in an error in any subdomain:

connect_supply_net
map_power_switch
map_retention (cell
set_isolation
set_level shifter

set (repeater

set” retention

use_interface_cell

Only the primary supply handle can be specified in the -supply option. The following also apply:
a) Composite power domains can be used as a subdomain of other composite power domains.

b) Since a composite domain is simply a container, commands can still be applied to subdomains after
composition.

¢) For each subdomain: If a supply set is associated with the primary supply set handle of a
subdomain, that supply set shall be equivalent to the primary supply set of the composite domain or
declared as equivalent to the primary supply set of the composite domain (see also 6.40).
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d)
e)

Commands applied to a subdomain do not affect any other subdomain or the composite domain.

Subdomains of a composite domain can still be referenced after composition, in the sens

¢ their

elements lists are valid after composition, and all aspects of the subdomain (e.g., strategies defined

on them) can be referenced.

When the primary supply set handle and a supply set ref are specified in -supply, it is equivalent to the
following:

assoclate supply set supply set ref

-handle composite domain name.primary

Syntax

cHy

example:

eate composite domain my combo domain name
-subdomains {a/pdl b/pd2}
-supply {primary could be on ss}

6.14 ¢reate_hdl2upf_vct
P Define a VCT that can be used in converting HDL logic values into state type
ulpose
values
create_hdl2upf _vct vet name
Syntax -hdl_type {<vhdl | sv> [typename]}

-table {{from_value to_value}*}

Arguments | [fypename]}

vct_name The VCT name.

-hdl_type {<vhdl | sv>  The HDL type for which the value conversions are defined.

-table {{from_value A list of the values of the HDL type to map to UPF state type valy
to_value}*}

Refurn | Return an empty:stting if successful or raise a TCL_ERROR if not.
value
The create_hdI2upf vct command defines a value conversion table (VCT) from an HDL logic typg to the
statg¢ type.ofithe supply net value (see Annex B) when that value is propagated from HDL port toja UPF
supply| net.( It shall provide a conversion for each possible logic value that the HDL port car have.
create| upf2hdl_vct does not check that the set of HDL values are complete or compatible with any HDL
port type:

vet_name provides a name for the value conversion table for later use with the connect_supply net
command (see 6.11). A VCT can be referenced by its simple name from anywhere in a power intent
description. It is an error to have two VCTs with the same name.The predefined VCTs are shown in

Annex

F.

-hdl_type specifies the HDL type for which the value conversions are defined. This information allows a
tool to provide completeness and compatibility checks. If the fypename is not one of the language’s
predefined types or one of the types specified in the next paragraph, then it shall be of the form

library . pkg . type.
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The following HDL types shall be the minimum set of types supported. An implementation tool may support
additional HDL types.

a) VHDL
1) Bit,std [ullogic,Boolean
2) Subtypesof std [u]logic

b) SystemVerilog

reg/wire,Bit, Logic

-table defines the 1:1 conversion from HDL logic value to the UPF partially on and on/off states. The values
are consistent with the HDL type values.

For exgmple:
— | When converting from SystemVerilog logic type, the legal values are 0, 1, X, and Z.
— | When converting from SystemVerilog or VHDL bi t, the legal values are O or 1.
— | When converting from VHDL std_[u] logic, the legal values are U, X, 0,.1/Z, W, L, H, apd -.

The conversion values have no semantic meaning in UPF. The meaning of the conversion value is rglevant
to the HDL model to which the supply net is connected.

Syntay examples:

cfeate hdl2upf vct
vlog2upf vss
-hdl type {sv reg}
-table {{X OFF} {0 FULL ON} {1 OFF}({Z PARTIAL ON}}
cgeate hdl2upf vct
stdlogic2upf vss
-hdl type {vhdl std logic}
-table {{‘'U’" OFF}

{'X’ OFF}

{0’ OFF}

{1’ FULL ON}

{‘'2’ PARTIAL ON}

{‘W" OFF}

{‘L" OFF}

{‘H’ FULL) ON}

{ ‘=" «OFF}}

6.15 ¢reate-logic_net

Purbose Define a ]ngl(‘ net

Syntax create_logic_net net name

Arguments| 7el_name A simple name.

Return | Return an empty string if successful or raise a TCL_ERROR if not.
value

The create_logic_net command creates a logic net in the current scope or identifies a logic net in the current
scope.

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



https://iecnorm.com/api/?name=279146a979eafb6dff243ad9e1538f49

IEC 615

23-4

IEEE Std 1801-2013 70

The net’s type is determined by the language of the scope where it is created. If the scope is

— SystemVerilog, the type is logic

— VHDL, the type is std_ulogic

NOTE—This command exists to allow for the propagation of signals from a power-management block. Using this
command to provide non-power control connections may cause the logic function to diverge from the HDL and is
strongly discouraged.

Synt:

ax example:

create logic net iso ctrl

6.16 ¢reate_logic_port

Purpose | Define a logic port

create_logic_port port name

Syntax [-direction <in | out | inout>]
port_name A simple name.
A t Lo . irecti is i
rguments| .. ection <in | out | The direction of the port. The default is in.
inout>

Re‘urn Return an empty string if successful or raise a TCLOERROR if not.
va

ue

The crpate_logic_port command creates a logic pert in the current scope. Logic ports are effectively

before
strateg|
regard
set_ley
strategjy.

The pdrt’s type is determin€d, by the language of the scope where it is created. If the scope is

SystemVerilog, the'type is Logic
VHDL, the{fype is std_ulogic

The crgatedport is equivalent to a module port created in SystemVerilog or VHDL with the same na
directipn{Logic ports are sources, sinks, or both.

a)
b)
¢)
d)
e)
f)

treated

isolation and level-shifting strategies arg applied (see 4.3.3); therefore, any isolation or level-ghifting
y defined for a power domain may apply to logic ports created on the boundary of that power domain,
ess of the order in which the-create logic_port command and the set_isolation (see 6|41) or
el_shifter (see 6.43) commands-occur, provided the logic port matches the criteria specified in the

me and

The LowConn of an input port 1s a source.

The HighConn of an input port is a sink.

The LowConn of an output port is a sink.

The HighConn of an output port is a source.

The LowConn of an inout port is both a source and a sink.

The HighConn of an inout port is both a source and a sink.

NOTE—This command exists to allow for the propagation of signals from a power-management block. Using this
command to provide non-power control connections may cause the logic function to diverge from the HDL and is
strongly discouraged.

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



https://iecnorm.com/api/?name=279146a979eafb6dff243ad9e1538f49

71

Syntax example:

create logic port test lp

-direction out

6.17 create_power_domain

IEC 61523-4
IEEE Std 1801-2013

Purpose | Define a power domain and its characteristics
create_power_domain domain_name
[-simulation_only]
[-atomic]
[-elements element list]
[-exclude_elements exclude list]
Syntax [-supply {supply_set_handle [supply set ref]}]*
[-available_supplies supply set ref list]
[-define_func_type {supply function pg type list}]*
[~update]
[-include_scope]
[-scope instance name]
domain_name The name of the power domain; this'shall be a simple name rooted in|the
current scope.
-simulation_only Define a power domain for simulation purposes only.
-atomic Define the minimumsextent of the power domain.
-elements element list  The list of instances to add. R
-exclude_elements The list of instances to exclude from the effective_element _list. R
Arguments| exclude list
-supply The -supply option specifies the supply set handle for domain_namel | R
{supply _set _handle H supply set ref'is also specified, the domain supply set handle is
[supply_set ref]} associated with the specified supply set ref. The supply set ref may
be any supply set visible in the current scope. The predefined
supply set _handles are: primary, default_retention, and
default_isolation. See also 6.7.
-available supplies A list of additional supply sets that are available for use by implement
supply_set_ref list tation tools to power cells inserted in this domain.
“define_func_type Define automatic connectivity for a supply function of R
{supply_function domain_name.primary (see 6.7) having the specified attributes in
Arguments| pg type list} pg type list.
-update Use -update if the domain_name has already been defined. R
-include_scope Define the extent of the domain to include the current scope and, by default,
all of its descendant scopes. See also 5.8.
Deprecated This is a deprecated option; see also 6.1 and Annex D.
arguments
-scope instance_name  Create the power domain within this scope.
This is a deprecated option; see also 6.1 and Annex D.
Return Return an empty string if successful or raise a TCL_ERROR if not.
value
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create_power_domain defines a power domain and the set of instances that are in the extent of the power
domain. It may also specify whether the power domain can be partitioned further by subsequent commands.

-elements specifies a set of rooted instances contained within the power domain. Although the syntax of this
command does not include a -transitive option, its semantics are as if any occurrence of the command has
the value -transitive TRUE (see 5.10.1). The following also apply:

— element _list shall contain instance names rooted in the current scope.

— Each design top instance (see 4.2.7) and each of its descendant instances shall be in the extent of
exactly one power domain.

— When -simulation_only is specified, signal names and process labels may also be specified in /ist.

i ion—ox i e H—is—inten i has : hesizing

elements.
— | When -atomic is specified, all elements originally included in the extent of the power‘\domain shall
always remain in the extent of that power domain.

— | The power domain shall be created in the current scope.

— | The -elements option shall be used at least once in the specification of‘\@)power domair} using
create_power_domain; this can be in the first invocation (i.e., withQut the -update optjon) or
during the subsequent updates (i.e., with the -update option).

— |If the value of effective _element list (see 5.10) is an empty\list, a domain with thel name
domain_name is created, but with an empty extent.

— |If the value of the effective_element list (see 5.10) is a period{( . ), the current scope is included in the
extent of the domain.

NOTE [[—A design top instance can be included in the extent of a.power domain created in the scope of that instance by
specifylng —elements {.} inthe create_power_domain command.

NOTE P—If the current scope is set to instance i0, then eéreate power domain PD -elements {.] would
include| the current scope (10) and all of its\\descendants in the power domain PD. In dontrast,
creatfe power domain PD -elements {il/i2 ... ik} would notinclude 10 in the power dompin, but
would pnly include its descendants 11, 12, .. .,~1K. In either case, the scope of the power domain PD is thg same,
becausg in both cases the current scope was 10, when the create_power_domain command was executed.

An ingtance that has no parent or whese parent is in the extent of a different power domain is cplled a
boundqry instance.

The uglper boundary of a pewet domain consists of

— |the LowConn side 6f each port of each boundary instance in the extent of this domain.

The loper boundary of a power domain consists of

— | the HighConn side of each port of each boundary instance in the extent of another power domain,
where the parent of the boundary instance is in the extent of this domain, together with

— | the"HighConn side of each port of any macro cell instance in this power domain, for which the
related supply set is neither identical to nor equivalent to the primary supply set of this domain.

The interface of a power domain consists of the union of the upper boundary and the lower boundary of the
power domain.

create_power_domain also defines the supply sets that are used to provide power to instances within the
extent of the power domain. The -supply option defines a supply set handle for a supply set used in the
power domain.

A domain supply set_handle may be defined without an association to a supply set ref. The association can
be completed separately (see 6.7).
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When both a supply set _handle and a supply set ref are specified with -supply, the following supply set
association is implied:

associate supply set supply set ref
-handle domain name.supply set handle

Three supply set handles are predefined for each power domain: primary, default isolation, and
default_retention.

The primary supply set is implicitly connected to instances and logic inferred from the instances in the
power domai—Howeverthe primansupphsetshallnotbe-imaphcithy connectedhenanvofthe o
apply:

a) | An instance has at least one supply net explicitly or automatically connectel and
set_simstate behavior (see 6.53) has not been enabled.

b) | An instance has set_simstate_behavior disabled.

¢) | An instance is created as a result of a UPF command, e.g., isolationccells, level-shifters,|power
switches, and retention registers.

Implic|t connections imply simulation semantics as specified in 4.6.2.

The dé¢fault_isolation supply set is the default supply for any isolation cell inserted into this domain if no
isolatign supply is specified in the set_isolation command:(see 6.41). The applicable default_is¢lation
supply| is based upon the domain in which the isolatiofi'cell is inserted, not the domain for which the
isolatign strategy is defined.

The dgfault_retention supply set is the default supply for any retention cell inserted into this domain if no
retentipn supply is specified in the set_retention command (see 6.49).

Withinj a power domain, the predefined supply sets primary, default_isolation, and default_retentjon are
available for use by implementation.tools as required to power instances in the extent of the domain,
isolatign cells placed in the domain, and retention cells placed in the domain, respectively. Supply sets
identifled by command options of set_isolation (see 6.41), set_level shifter (sce 6.43), set_repeater (see
6.48), and set_retention (see)6.49) are also available to power isolation, level-shifter, repeater, and refention
cells, gespectively, inserted into the domain. Collectively, the predefined supply set handles of a|power
domaih and the supply:sets identified by options of strategies associated with the domain are referrgd to as
the locully available supplies of that domain.

The -available_supplies option specifies whether any additional supplies are also available for use and if
so, which\supplies are available. If -available supplies does not appear, all supply sets and supply set
handles defined in or above the scope of the power domain are available for use by tools to power cells
inserted into the power domain. If -available_supplies appears with an empty string argument, only the
locally available supplies are available for use by tools to power cells inserted into the power domain. If
-available_supplies appears with a non-empty string, the string shall be a list of the names of additional
supply sets or supply set handles defined at or above the scope of the power domain that are also available
for use by tools to power cells inserted into the power domain, in addition to the locally available supplies.

Any restrictions on the availability of supply sets or supply set handles for use by tools to power cells
inserted into a given domain have no effect on the legality of referencing such supply sets or supply set
handles in UPF commands to associate supply sets with supply set handles or to connect supply set functions
explicitly, implicitly, or automatically to supply pins of an instance.
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-define_func_type specifies the mapping from functions of the domain’s primary supply set to pg type
attribute values in the pg type list. This mapping determines the automatic connection semantics used to
connect the domain’s primary supply to instances within the extent of the domain.

-update may be used to add elements and supplies to a previously created domain. It shall be an error if
-update is used during the initial creation of domain_name.

It shall be an error

— if an implementation tool encounters a -simulation_only power domain.

— for any instance in the descendant subtree of an atomic power domain to be included in the extent of

— |to remove an element from an atomic power domain.
— | to specify -atomic with -update.

— | to specify -elements or -exclude_elements with -update for an atomic powérydomain.
Syntay example:

ceate power domain PD1 -elements {top/Ul}

-qupply
-4upply
-qupply
-4upply

cyjeate power domain PD2 -elements {.}

6.18 ¢reate_power_switch

another power domain, unless that instance name 1s, or 1s in the descendant subtree of, an ipstance
whose name appears in the exclude_list.

{primary}
{default isolation}
{default retention}

{mem array ss.mem}

Pugpose

Define a power switch

Syptax

create_power_switch switch_name

-output_supply.port {port name [supply net name]}
{-input_supply) port {port name [supply net name]}}*

{-contrgl ‘port {port name [net_name]}}*

{-on.State {state_name input supply port {boolean_expression}}}*
[-off<state {state name {boolean expression}}]*

[ssupply_set supply set ref]

[-on_partial_state {state_name input supply port {boolean_expression}}|*
[-ack_port {port_name net_name [logic value]}]*

[-ack_delay {port_name delay; |™

[-error_state {state name {boolean_expression}}]*
[-domain domain_name]

[-instance {{instance name}*}]

[-update]

switch_name The name of the switch instance to create; this shall be a simple name.

Arguments

-output_supply_port The output supply port of the switch and, optionally, the net where

{port_name this port connects. net_name is a rooted name of a supply net or

[supply _net namel} supply port. It shall be an error if the net_name is not defined in the
current scope.
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-input_supply_port An input supply port of the switch and, optionally, the net where this
{port_name port is connected. net_name is a rooted name of a supply net or supply
[supply _net_namel} port. It shall be an error if the net_name is not defined in the current
scope.
-control_port A control port on the switch and, optionally, the net where this control
{port_name port connects. net_name is a rooted name of a logic net or logic port.
[net_namel} It shall be an error if the net_name is not defined in the current scope.

-on_state {state name A named on state, the input_supply_port for which this is defined, and
input_supply port its corresponding Boolean expression.
{boolean_expression}}

-off_state {state name A named off state and its corresponding Boolean expression.
{boolean_expression}}

-supply_set A supply set associated with the switch. supply set ref is\a rooted
supply set ref name of a supply set or a supply set handle. It shall be-an/érror if the
supply set ref'is not defined in the current scope.

-on_partial_state A named partial-on state, the input_supply part for which this is
{state_name defined, and its corresponding Boolean expression.
input_supply port

Argyments| {boolean_expression}}

-ack_port {port name  The acknowledge port on the switch and the logic net to which this
net_name [logic_value]} port connects. A logic value €analso be specified. net_name is a
rooted name of a logic net‘or logic port. It shall be an error if the
net_name is not defined\in, the current scope.
If a null string is usedas’the net_name for -ack_port, the port and itg
logic value are defined, but the port itself is unconnected.

-ack_delay {port name The acknowledge delay for a given acknowledge port.
delay}

-error_state A nained error state and its corresponding Boolean expression.
{state_name
{boolean_expression}}

-domain domain_name  If specified, the scope of the domain is the scope in which the switch
instance is created.

-instance The hierarchical name of a technology leaf-cell instance that R
{{instarice .name}*} implements all or part of the specified switch. Instance names are thd
hierarchical names of the switch instances.

“update Use -update to allow the addition of -instance. R

Returr ~ | Return an empty string if successful or raise a TCL_ERROR if not.
vahre

The create_power_switch command defines an abstract model of a power switch. An implementation may
use detailed power-switching structures that involve multiple, distributed power switches in place of a single
abstract power switch.

Power-switch port names and port state names are defined in the scope of the switch instance and, therefore,
can be referenced with a hierarchical name in the same way that any other instance ports can be referenced.
For example, the command
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create power switch PS1

-output supply port {outp}
-input supply port {inp}

creates an instance PS1 in the current scope and creates supply ports outp and inp within the PS1
instance. The switch supply ports can then be referred to as PS1/inp and PS1/outp.

The abstract power-switch model has one or more input supply ports and one output supply port. Each of the
input supplies may contribute to the output supply as determined by control expressions. Each input supply
port is effectively gated by one or more control expressions defined by on_state or on_partial state

expres

limiting current. An on_partial state expression specifies when a given input supply contributes

output
expres

The a
error_.
for thal

The abstract power-switch model may also have a single off statecexpression defined. The o

expres
specifi
on_sta

the off]

expres

A confributing input supply port is one that has anon-'state expression or on_partial_state expressi

. N . .« 4 . . 4 . 4
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kions.

bstract power-switch model may also have one or more error state expressions define
btate expressions defined for a given power switch represent control input eonditions that are
switch.

sion represents the condition under which no on_state or on_pdrtial state expression is True
ed explicitly, the off state expression defaults to the comiplement of the conjunction of
fe, on_partial state, and error_state expressions defined for'the power switch. It shall be an

kion also evaluates to True.

ithout
to the

in a current-limited manner. Each input supply may have multiple on_state and/or op'partidl_state

. Any
illegal

i state

If not
all the
brror if

| state expression is explicitly defined and it evaluates.to True when an on_state or on_partidl state

on that
e of the
port is

ue, or

port

evaluafes to True at a given time. The contributed-value of a contributing input supply port is the valu
supply]source connected to that input supply port. The degraded value of a contributing input supply
the contributed value, except that if the confributed value’s net state is FULL_ON, the degraded valie’s net
state i PARTIAL_ON.
The vdlue of the output supply port-ef a power switch is determined as follows. At any given time:
a) | The output supply takes‘on the value {UNDETERMINED, unspecified} if
1) any error_state-condition is True, or
2) an explicit\dff state condition and any on_state or on_partial_state condition are both 7]
3) anynput supply port’s contributed value has a net state of UNDETERMINED, or
4) _anytwo input supply ports’ contributed values have different voltage values.
b) | Othetwise, the switch output takes on the contributed value of any contributing input supply
whese-net-stateis FULE—ONif there-is-one-
c) Otherwise, the switch output takes on the degraded value of any contributing input supply port
whose net state is PARTIAL_ON, if there is one.
d) Otherwise, the switch takes on the value {OFF, unspecified}.

An anonymous root supply driver originates the state of the output supply port when the state of the output

supply

port is explicitly set to UNDETERMINED or OFF in the preceding algorithm.

If an —ack_port argument is specified, an acknowledge value is driven onto the specified port_name delay
time units after the switch output transitions to a FULL_ON state and the inverse acknowledge value is
driven onto the specified port_name delay time units after the switch output transitions to an OFF state.
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If the supply set of the power switch is in a power state with a NORMAL simstate, then the acknowledge
value is a logic O or logic 1. If a logic_value is specified for -ack_port, that logic value shall be used as the
acknowledge value for a transition to FULL_ON, and its negation is used as the acknowledge value for a
transition to OFF; otherwise the acknowledge value defaults to logic 1 for a transition to FULL_ON and
logic O for a transition to OFF. If -ack_delay is specified, the delay may be specified as a time unit, or it
may be specified as a natural integer, in which case the time unit shall be the same as the simulation
precision; otherwise, the delay defaults to 0.

If -supply_set is specified for a switch, it powers logic or timing control circuitry within the switch and
powers any specified -ack_ports. When the supply set simstate is anything other than NORMAL, the state
of the output supply port of a switch is UNDETERMINED and the acknowledge ports are corrupted. If a

1 et 4 PRI | il . ) PR | 111 bl 1 1o . b Al |
Supp }’ SUL IS TTUT Ad3SULIAICU WIUL d SWILLLL, 1U SIIdIT UL dll UITUL 1T au_y aumluw1uu5u PUI S div DP\/DILLMU.

-instarjce specifies that the power-switch functionality exists in the HDL design and instance_lame denotes
the ingtance providing part or all of this functionality. If -instance is specified, and a list of instahces is
given, [then the switch may be implemented as multiple switches, in which case the multiple instancps may
have characteristics different from those specified by the create_power_switch comrand, particular]y with
regard|to input and output supply connections.

An inftance name is a hierarchical name rooted in the current scope. If anempty string appear$ in an
instange_name, this indicates that an instance was created and then optimized’away. Such an instance|should
not be [reinferred or reimplemented by subsequent tool runs.

Updating —instance adds the new instance names to the existing instance list. —update adds informdtion to
the bade command executed in the same scope in which the ebjeet exists or is to be created.

The following also apply:

— | Any name in a boolean_expression shall refer'to a control port of the switch.

— | All states not covered by the on, on_partial, ‘off, and error states are anonymous error states.

— | If the implementation of a switch can niot be inferred, map _power_switch (see 6.32) can be psed to
specify it.
— |If net_name is not specified forlany of the switch’s port definitions, connect_logic_net (see §.10) or
connect_supply_net (see 6.1h1') can be used to create the port connections.
— | Each state name shall bg unique for a particular switch.

— | Any port_names specified in this command are user defined (e.g., input supply).

NOTE [l—create_power. switch can be used to define an abstract power switch that implementation tools may|expand
into myltiple switches, €reate_power_switch can also be used to specify the need for a specific switch that canfthen be
mapped to a specifie’§witch implementation using map_power_switch. It is not meant to be used as a single dqfinition
represepting multiple physical switches to be mapped with map_power_switch.

NOTE P—ereate_power_switch provides relatively simple, general abstract functionality. HDLs can be used t¢ model
switch functionality that cannot be captured with create_power_switch.

Power-switch examples
Example 1—Simple switch

This switch model has a single supply input and a single control input. The switch is either on or off, based
on the control input value. Since net names are not specified for each port, connect_supply_net (see 6.11)
can be used to connect a net to each port.

create power switch simple switch
-output supply port {vout}
-input supply port {vin}
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-control port {ss ctrl}

-on_state {ss_on vin { ss_ctrl }}
-off state {ss off { ! ss ctrl }}

The following is a variant of the simple switch in which the nets associated with the ports are defined as part
of the create_power_switch command (see 6.18).

create power switch simple switch2
-output supply port {vout VDD SW}
-input supply port {vin VDD}
-control port {ss ctrl sw ena}

-on state {ss on vin { ss ctrl }}

-
Exam
This sy

contro
the seq

ff state {ss off { ! ss ctrl }}
le 2—Two-stage switch
vitch model represents a switch that turns on in two stages. The switch has one §upply input aj

inputs. One control input represents the enable for the first stage; the other répresents the con|
ond stage. When only the first control is on, the switch output is in a partial On state; when the

is on, the switch output is in a fully on state. The switch is off if neither contrel input is on.

cHy

-3
-q
-q

—-d
—g

The fo
switch
-ack_g
driving
varianf
conneq

eate power switch two stage switch

utput supply port {vout}

nput supply port {vin}

ontrol port {trickle ctrl}

ontrol port {main ctrl}

n _partial state {ts_ton vin { trickle {¢trl }}

n state {ts mon vin { main ctrl }}

ff state {ts off { ! trickle ctrl %& ! main ctrl }}

[lowing is a variant of the two-stage swit¢h model in which an -ack_port signals completion
turning on. The time required for the switch to turn on is modeled by the -ack_delay. Si
ort is involved, the command needs-to include specification of the supply set that powers th|
the ack signal. The ack signal i§ defined separately. In this model, as in the preceding simple
, the supply and control pOrts*are associated with corresponding nets, so they do not neeq
ted in a separate step.

eate power_ swabch two_stage switch2

utput supply pert {vout VDD SW}

nput suppdy~port {vin VDD}

ontrol pott {trickle ctrl t ena}

ontrol\pért {main ctrl m ena}

n partial state {ts ton vin { trickle ctrl }}
n{state {ts mon vin { main ctrl }}

nd two
trol for
second

of the
nce an
e logic
switch
| to be

1
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-ack port {ts ack 1}
-ack delay {ts _ack 100ns}
-supply set ss aon

Example 3—Muxed switch

This switch model represents a mux that determines which of two different input supplies is connected to the
output supply port at any given time. The two input supplies can be driven by different root supply drivers
and may have different state/voltage values. One control input determines which of the two input supplies is

selecte

d; the other control input gates the selected supply to the output supply.
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create power switch muxed switch

-output supply port {vout}

-input supply port {vinO}

-input supply port {vinl}

-control port {ms sel}

-control port {ms ctrl}

-on_state {ms_on0 vin0 { ms_ctrl && ! ms sel }}
-on state {ms onl vinl { ms ctrl && ms sel }}

-off state {ms off { ! ms ctrl }}

The following is a variant of the muxed switch in which there are two independent selection cOntrol [inputs,
and anferror state is defined to ensure mutual exclusion.

cfeate power switch muxed switch2

-qutput supply port {vout}

—-input supply port {vinO}

—-input supply port {vinl}

-¢ontrol port {ms_selO}

-q¢ontrol port {ms sell}

-¢ontrol port {ms ctrl}

-gn_state {ms _on0 vin0 { ms ctrl && msgselO }}
-qn_state {ms_onl vinl { ms ctrl && ms sell }}
-qff state {ms off { ! ms ctrl }}

-drror state {conflict { ms sgl0 && ms sell }}

Exampjle 4—Overlapping muxed switch

This syitch model represents.a\supply mixer that allows a smooth transition between two different sypplies.
Like te muxed switch, it has)two supply inputs and both selecting and gating control inputs, but in tHis case
it can delect both input supplies at the same time. The input supplies may have different states, and mdy even
be driyen by differentroot supply drivers, provided that their voltages are the same when both inputs are
enablefl (in an on-staté or on_partial state).

cedlte power switch overlapping muxed switch

-Ooutput_supply port {vout]

-input supply port {vinO}

-input supply port {vinl}

-control port {oms_ selO}

-control port {oms sell}

-control port {oms ctrl}

-on_ state {oms on0 vinO { oms ctrl && oms sel0 }}
-on_state {oms onl vinl { oms ctrl && oms sell }}

-off state {oms off { !oms ctrl || { !oms sel0 && !oms sell } }}
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6.19 create_pst [legacy]

Purpose | Create a power state table (PST)
Svntax create_pst table name

¥ -supplies supply list

table_name The PST name. table_name is a simple name in the current scope.
Arguments -supplies supply_list The list of supply nets or ports to include in each power state of the design.
The supplies are listed as rooted names in the current scope.

Rjum Return the name of the created PST or raise a TCL_ERROR if the PST is not created.

value

This is|a legacy command; see also 6.1 and Annex D.

The create_pst command defines a PST name and a set of supply nets for use in.add_pst_state conjmands
(see 6.p). The PST fable_name is defined in the namespace of the current scope,

A PST]is used for implementation—specifically for synthesis, analysis, and optimization. It defines tHe legal
combinations of states, i.e., those combinations of states that can exist at the same time during opergtion of

the dedign.

create| pst can only be used with add_pst_state (and)vice versa). This combination and
add_ppwer_state (see 6.4) are two methods for specifying power state information. Powef state
specififations and default state definitions form an exhaustive specification of all of the legal power sfates of

the sydtem.

It shalll be an error if

— | table_name conflicts with any name declared in the namespace of the current scope.

— | a specified supply net or supply port specified in supply list does not exist.

Syntax example:

cgeate pst MyPowerStateTable -supplies {PN1 PN2 SOC/OTC/PN3}

6.20 ¢reate supply_net

use of

Purpose | Create a supply net
create_supply_net net_name
Syntax [-domain domain name][-reuse]
[-resolve <unresolved | one_hot | parallel | parallel_one_hot>]
net_name A simple name.
-domain domain_name  The domain in whose scope the supply net is to be created.
Arguments -
-reuse Extend availability of a supply net previously defined for another domain
into this domain.
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-resolve <unresolved | A resolution mechanism that determines the state and voltage of the supply
Arguments| one_hot | parallel | net when the net has multiple supply sources (see 6.20.2). If no option is
parallel_one_hot> specified, the behavior for resolution is the same as for unresolved.

Return | Return an empty string if successful or raise a TCL_ERROR if not.
value

The create_supply_net command creates a supply net. If -domain is not specified, the supply net is created
in the current scope, and the supply net is available for use by tools to power cells in any domain created at
or below this scope. The net is propagated through implicitly created ports and nets throughout the logic

hierarchy in the descendant tree of the scope in which the net is created as required by implicit and automatic
connedtions of supply sets (see 6.17).

If -dorpain is specified, the supply net is created in the scope of that domain, and the supply met.is available
for usq by tools to power cells only in the extent of the domain.

If —reyse is specified, a supply net with this name needs to have been created by.-alpreviously executed

commgnd, and this existing supply net is made available for use in another domain\by the —domain pption.
In this|case:

a) | -domain shall also be specified on both this and the creating command;
b) | -resolve shall not conflict with that of the creating command.

The following also apply:

It shall be an error if domain_name is not the name of'a previously created power domain.

When -reuse is specified, it shall be an error if net “nwame is not defined for another power domain in
the same scope by another create_supply net.command.

When the parameter for -resolve is unresolved, the supply net shall have only one sourge (see

6.20.1). For all other parameters to -resalye, the requirements on the drivers and sources of fthe net
are as defined in 6.20.2.

NOTE+Use set_scope (see 6.52) to change thé scope prior to calling this command to set the current scopg to the
correct cope for the net.

Syntay example:

cfeate supply net _Jlocal vdd 3
-resolve qne.hot

6.20.1 Supply net resolution

Supply nets age often connected to the output of a single switch. However, certain applications, suchl as on-
chip voltage’ scaling, may require the outputs of multiple switches or other supply drivers to be conndcted to
the same Supply Tet (either directly of via Supply pOIt CONMECONS). 11 TIESE Cases, a IesoIution mechanism
is needed to determine the state and voltage of the supply net from the state and voltage values supplied by
each of the supply drivers to which the net is connected.

A supply net that specifies an unresolved resolution cannot be connected to more than one supply source.

6.20.2 Resolutions methods

The semantics of each possible resolution method are as follows:

a) unresolved

The supply net shall be connected to at most one supply source. This is the default.
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b)

d)

one_hot

Multiple supply sources, each having a unique driver, may be connected to the supply net.

A supply net with one_hot resolution has a deterministic state only when no more than one source
drives the net at any particular point in time. If at any point in time more than one supply source
driving the net is anything other than OFF, the state of the supply net shall be UNDETERMINED,
the voltage value of the supply net shall be unspecified, and implementations may issue a warning or
an error.

)

If all supply sources are OFF, the state of the supply net shall be OFF, and the voltage value of

the supply net shall be unspecified.

2) If only one supply source is FULL_ON and all other sources are OFF, the state of the supply
net shall be FULL_UN, and the voltage value ol the corresponding source shall be assigned to
the supply net.

3) If only one supply source is PARTIAL_ON and all other sources are OFF, the-state| of the
supply net shall be PARTIAL_ON and the voltage value of the corresponding source shall be
assigned to the supply net.

4) If any source is UNDETERMINED, the state of the supply net shall b UNDETERMI|INED,
and the voltage value of the supply net shall be unspecified.

parallel

Multiple supply sources, sharing a common root supply driver, may be connected to the supp

The parallel resolution allows more than one potentially eonducting path to the same root
driver, as if the switches had been connected in parallel. It shall be an error if any of these potg
conducting paths can be traced to more than one root.supply driver.

1)
2)

3)

parallel_one.het

Multiple~supply sources may be connected to the supply net. A source may share a comm
supply-driver with one or more other sources. At most one root supply driver shall be FULL |
any\pdrticular time with all sources sharing that driver resolved using parallel resolution.

Thé parallel one hot resolution allows resolution of a supply net that has multiple root

If all of the supply sources are FULL_ONthen the supply net state is FULL_ON 3
voltage value is the value of the root supplydriver.

If all the supply sources driving the supply net are OFF, the state of the supply net s
OFF and the voltage is unspecified,

If any of the sources is UNDETERMINED, the resolution is UNDETERMINED; othg

i)  If there is at least one PARTIAL_ON source, the supply net shall be PARTIAL _(
the voltage value is the'value of the root supply driver.

ii) If there is at least one source that is OFF and at least one that is FULL _
PARTIAL_ON; the supply net shall be PARTIAL_ON and the voltage value is th
of the ropt-supply driver. The voltage value of the PARTIAL_ON supply net shall
voltage value of the root supply driver.

ly net.
supply

ntially
nd the

hall be

rwise,
DN and

ON or
e value
be the

n root
| ON at

supply

drivers where each driver may have more than one path through supply sources to the supply net.
Each unique root supply driver is identified and one_hot resolution shall be applied to the drivers,
then parallel resolution shall be applied to each supply source connecting the one_hot root supply
driver to the supply net.

6.20.3 Supply nets defined in HDL

The declaration of any VHDL signal or SystemVerilog wire or reg as a supply net type from
the package UPF (see Annex B) is equivalent to calling create_supply net for every instance of that
declaration, where the net_name is the name of the VHDL signal or SystemVerilog wire or reg, and
the scope is the instance.
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6.21 create_supply_port
Purpose | Create a supply port on a instance
create_supply_port port name
Syntax [-domain domain name]
[-direction <in | out | inout>]
port_name A simple name.

A -domain domain_name  The domain where this port defines a supply net connection point.
rguments

-direction <in | out | The direction of the port. The default is in.
inout>

ReTlrn Return an empty string if successful or raise a TCL._ERROR if not.
vajue

The crpate_supply_port command defines a supply port at the scope of the power,domain when -domain is
specified or at the current scope if -domain is not specified.

-direction defines how state information is propagated through the supply network as it is connected to the
port. If the port is an input port, the state information of the external supply net (see 6.20) connected to the
port shall be propagated into the instance. Likewise, for an outpuf port, the state information of the i

nternal
supply[net connected to the port shall be propagated outside thé\instance.

Supply ports connected to a net shall be inout for supply nets that have both loads and sources within that
modul¢. Supply ports are loads, sources, or both, as follews:

a) | The LowConn of an input port is a source,

b) | The HighConn of an input port is a sink:

¢) | The LowConn of an output port is,d sink.

d) | The HighConn of an output port:is a source.

e) | The LowConn of an inout port'is both a source and a sink.

f) | The HighConn of an inout port is both a source and a sink.

Supplyy ports may becdefined in HDL. If a VHDL or SystemVerilog port is declared as a
supply net type\ from the package UPF (see Annex B), this is equivalent to [calling

create| supply_port._for every instance of that declaration, where the port_name is the name of the VHDL
or SysfemVerildg port, and the scope is the instance.

Syntax example:

create supply port VNI
—-direction inout
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6.22 create_supply_set

Purpose | Create or update a supply set, or update a supply set handle
create_supply_set set name
- i *
Syntax [-function {func_name net_name}]
[-reference_gnd supply net name]
[~update]
set_name The simple name of the supply set or a supply set handle.
-function {func_name  The -function option defines the function (func_name) a supply net R
net_name} provides for this supply set. net_name 1s a rooted name of a supply ne
or supply port or a supply net handle. It shall be an error if the
net_name is not defined in the current scope.
Argyments -reference_gnd The -reference_gnd option defines the rooted name of a supply net R
supply net_name that serves as the reference ground for the supply set~A’Supply net
handle may be used.
Default: if not specified, the voltages in this supply set shall be evalu
ated with no offset from the assumed default reference supply.
-update Use -update if the set_name has alreadybeen defined. R
Rekurn Return an empty string if successful or raise a TCL_ERROR if not.
vglue
create| supply_set creates the supply set name within the’ current scope in the UPF name spade. The
refererjce ground can be specified in any invocation of this command. This command defines a suppl} set as
a colleftion of supply nets each of which serve a specific function for the set.
-updat¢ is used to signify that this create_supply_set call refers to a supply set that was previously defined
using ¢reate_supply_set, or to a supply settiandle that was previously defined implicitly or explicitly using
create| power_domain (see 6.17). Referencing a previously created supply set or supply set handle without
the -ujpdate argument shall be an_error. Using the -update argument for a supply set that has nqt been
previopsly defined shall be an errer! Specifying a supply set handle that has not been previously defined
shall b an error.
When |-function is speéified, func name shall be one of the following: power, ground, nwell, [pwell,
deepnyvell, and deeppwell. The —function option associates the specified func name of this supply set with
the spqcified supply~net name. If the same func _name is associated with two different supply nets, fit shall
be an drror if those/supply nets are not the same. The supply net name may be a reference to a supply net in
the degcendanthierarchy of the current scope using a supply net handle (see 6.22.1).
pp 2 G Re he-o 8PP etth SFv-e eFefcrence

ground for the supply set. The voltage value for each supply net in the supply set is interpreted in reference
to this supply net. If this parameter is not specified, the voltages shall be evaluated with no offset or scaling.
If -reference_gnd has previously had a supply net name specified, then it shall be an error if this
supply net name and the supply net name previously specified as reference ground are not equivalent nets.

Syntax example:

create supply set relative always on_ss

-function {power vdd}
-function {ground vss}
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create supply set relative always on ss -update
-reference gnd {earth ground}
create supply set PDl.primary -update
-function {nwell bias}

6.22.1 Referencing supply set functions

The supply set function may also be referenced using a supply net handle as a member of the supply set
(whether or not a supply net has been associated with the function name), as follows:

supply set_ref.function

6.22. 2tmmpticit supply et

If no sppply net is associated with a supply set’s function and that function is used in the design,)an implicit
supply| net with an anonymous name shall be created for use in verification and analysis,*When tHe UPF
specififation is used for implementation, a supply net shall not be implicitly created for@supply set fiinction
that has no associated supply net. A tool may issue a warning or an error if a supply sét’s function dpes not
have ap explicit supply net association.

6.23 ¢reate_upf2hdl_vct

Purlpose | Define VCT that can be used in converting UPF supply.Sget type values into HDL logic vplues

create_upf2hdl_vct vet name
Syptax -hdl_type {<vhdl | sv> [typename]}
-table {{from_value to_value}*}

vct_name The VCT name.

-hdl_type {<vhdl | sv>  The HDL ‘type for which the value conversions are defined.
Arguments | [fypename]}

-table {{from_value AMlist of UPF state type values to map to the values of the HDL tyjpe.
to_value}*}

Return | Return an empty string if successful or raise a TCL_ERROR if not.
vdlue

The [create upfZhdl vet command defines a value conversion table (VCT) for the
supply net (type.state value (see Annex B) when that value is propagated from a UPF supply net
into a |logicpart defined in an HDL. It provides a 1:1 conversion for each possible combination|of the
partially on‘and on/off states. create_upf2hdl_vet does not check that the values are compatible wjth any
HDL port.type.

vet_name provides a name for the value conversion table for later use with the connect_supply_net
command (see 6.11). The predefined VCTs are shown in Annex F.

-hdl_type specifies the HDL type for which the value conversions are defined. This information allows a
tool to provide completeness and compatibility checks. If the #ypename is not one of the language’s
predefined types or one of the types specified in the next paragraph, then it shall be of the form

library . pkg . type.

The following HDL types shall be the minimum set of types supported. An implementation tool may support
additional HDL types.
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a)

b)

VHDL

1) Bit,std [ullogic,Boolean
2) Subtypesof std [u]logic
SystemVerilog

reg/wire,Bit, Logic

-table defines the 1:1 conversions from UPF supply net states to an HDL logic value. The values shall be

consist

ent with the HDL type values. For example:
When converting to SystemVerilog logic type, the set of legal values is 0, 1, X, and Z.

AVARARY S

The cg
to the ]

Syntax

cH

6.24 describe_state_transition

AS VAN s $a O s Lol JAR S IS PN | 1 1 fa 4
VW OCIT COTTV OIS tO- I y STCHT vV CITTU S O v ITD 1T O T G, tHuICogdar v arats—arc—o o T

When converting to VHDL std_[u] logic, the legal values are U, X, 0, 1, 2, W, L, H, and

nversion values have no semantic meaning in UPF. The meaning of the conversionyalue is r
HDL model to which the supply net is connected.

examples:

eate upf2hdl vct upf2vlog vdd

-hdl type {sv}

-table {{OFF X} {FULL ON 1} {PARTIAL ON 0}}

eate upf2hdl vct upf2vhdl vss

-hdl type {vhdl std logic}

-table {{OFF 'X’} {FULL ON ‘1’} {PARTIAINON ‘H’}}

clevant

Pullpose | Describe a state transition’s legality

Syntax [-from from_list -to to" list]

describe_state_transition ansition name
-object object name.

[-paired {{from state to_state}*}]
[-legal | -illegaly

transition_name Simple name.
-objéét object name Simple name of a power domain or supply set.
~from from_list from_list is an unordered list of power state names active before a stgte
-to to_list transition.

Arg11ments to_list is an unordered list of power state names active after a state
-paired {{from_state A list of from-state name and to-state name pairs.

to_state}*}

-legal | -illegal Define the state transition as legal or illegal, the default is -legal.

value

Return | Return an empty string if successful or raise a TCL_ERROR if not.

describe_state transition specifies the legality of a transition from one object’s named power state to
another.
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The option -from and -to specify many-to-many transitions. The option -paired specifies one or more one-
to-one transitions. At least one of these two choices shall be specified.

If an empty list is specified in either the -from or -to /ist, it shall be expanded to all named power states for
the specified object name.

Verification tools shall emit an error when an illegal state transition occurs.

It shall be an error if the state name in a /isr does not refer to a power state of the specified supply state or
power domain (see 6.4).

SyntaA \/Aaulplu N

dgscribe state transition turn on -object PdA -from {SLEEP MODE}
-to {HIGH SPEED MODE} -illegal

6.25 end_power_model

Pullpose | Terminate the definition of a power model

Syhtax end_power_model

Arguments N/A

Return | Returna 1 if successful or raise a TCL_ERROR dfuiot.
value

The b¢gin_power_model (see 6.8) and end_power_model commands define a power model confaining
other YPF commands. A power model is used\to define the power intent of a hard IP and shall be yised in
conjungtion with one or more model representations. A power model defined with begin_power_mjodel is
terminpted by the first subsequent occutrence of end_power_model in the same UPF file.
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6.26 find_objects

Purpose | Find logic hierarchy objects within a scope

find_objects scope
-pattern search_pattern
[-object_type <model | inst | port | net | process>] |
[-direction <in | out | inout>]

Syntax [-transitive [<TRUE | FALSE>]]
[-regexp | -exact]
[-ignore_case]
[-non_leaf | -leaf only]
scope The search is restricted to the specified scope.
-pattern search_pattern  The string used for searching. By default, search_pattern is treated ap an
Tcl glob expression.
-object_type <model |  Limits the objects returned. By default, instancesgnanted processes, ports,
inst | port | net | and nets are returned; this can be restricted by, specifying a specific
process> -object_type. inst does not return named processes.
-direction <in | out | If -object_type is port, then -direction.can’be used to restrict the dirgctions
inout> of the returned ports.
-transitive [<TRUE | If -transitive is not specified-atall, the default is -transitive FALSE|
Arguments| FALSE>] If -transitive is specified witheut a value, the default value is TRUH.
-regexp | -exact -regexp enables support)for regular expression in the specified

search_pattern. -exact'disallows wildcard expansion on the specified
search_pattern If neither -regexp or -exact are specified, then
search_pattern 15’ interpreted as a Tcl glob expression.

-ignore_case Performs, case-insensitive searches. By default, all matches are case
sensitive.
-non_leaf | -leaf_only If'\-non_leaf is specified, only non-leaf instances (instances that havg

children) are returned; if -leaf_only is specified, only leaf-level instahces
(instances without children) are returned. By default, both leaf and nqn-leaf
instances are returned.

Returns a list of names (relative to the current scope) of objects that match the search criteria; when
Refurn | nothing is found that matches the search criteria, a null string is returned. The list contains just the

vdlue object naiies, without any indication of object type. The list may contain names of more than ong type
of.ebject.
The find\©Objects command searches for instances, nets, ports, or processes that are defined in the logic

= — ; whose

model name matches the search pattern. If -object__type is specified with any other value, find_objects
searches the logic hierarchy for the specified objects whose name matches the search_pattern.

By default, or if -transitive FALSE is specified explicitly, find_objects searches only the current scope of
the logic hierarchy. If -transitive TRUE is specified, find_objects searches the current scope and the entire
dependant subtree. If -transitive is specified without an argument, it is equivalent to specifying -transitive
TRUE.

NOTE—To find UPF objects, such as isolation logic or retention elements, use the corresponding query_* commands
(see Annex C).
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The -non_leaf and -leaf only options can be interpreted differently between tools, depending upon the
library source. For example, in simulation, an IP block may be represented as a non-leaf hierarchical
behavioral model, whereas in implementation, the same IP block may be represented as a black box leaf cell.
A module may be tagged as a leaf cell by using set_design_attributes (see 6.37).

The following conditions also apply:

The specified scope cannot start with . . or /, i.e., find_objects shall be referenced from the current

scope, and reside in the current scope or below it.
If scope is specified as . (a dot), the current scope is used as the root of the search.

All elements returned are referenced to the current scope.

Syntax

f3

6.26.1

To improve usability and allow multiple objects (instanices, ports, etc.) to be easily specified ¥

oneroy
C.1). |
rather

Tcl reg

6.26.2

It shall be an error if scope is neither the current scope nor is defined in the current s¢ep
specified scope may reference a generate block as the root of the search.

While find_objects commands are executed and their results are used; the command itself
saved. However, this does not prohibit the use of find_objects in output UPF.

examples:

nd objects A/B/D -pattern *BWL*
-object type inst
-transitive TRUE

Pattern matching and wildcarding

s verbosity, pattern matching (wildcarding) is alléwed (only) in find_objects and query_u
attern matching is supported using the Tcl gIob style, matching against the symbols in thg
han filenames. For g1 ob-style wildcarding;‘the following special operators are supported:

? matches any single character.
* matches any sequence of zero, or more characters.

[chars] matches any single-character in chars. If chars contains a sequence of the form a-
character between a and b (inclusive) shall match.

\x matches the character'x.

{a,b,c} Matches @ny string that is matched by any of the patterns a, b, or c.
ular expression matching is described in the Tcl documentation for re syntax (see [B5]).

Wildcarding examples

e. The

1S not

ithout
pf (see
scope

b, any

Table 5Shows Tie pattern match 10T each ot the 10llowing exampies of find_objects.

find objects top -pattern a

find objects top -pattern {bc[0-3]}
find objects top -pattern e*

find objects top -pattern d?f

find objects top -pattern {g\[O0\]}

NOTE 1—The use of the Tcl quote semantics of “{string}” in the example illustrates an effective means to pass
characters that would otherwise be “special” to a Tcl interpreter.

NOTE 2—To select the four bits (0 to 3) of the bus my bus, use the Tcl expression {my bus\[[0-3]\]}.
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Table 5—Pattern matches
a Only matches an instance called a in the current scope.
bc[0-3] Matches any instance called bc followed by a numerical value from 0 to
3,1.e.,bc0,bcl,bec2, and be3.
e* Matches any instance starting with e, i.e., €12, eab, ef, etc.
dz?f Matches any instance starting with d followed by another character and
ending in £, i.e., daf, d4f, etc.
g\ [0\] Matches an instance called g[0].

6.27 load_simstate_behavior

Purfpose | Load the simstate behavior defaults for a library
Svhtax load_simstate_behavior /ib_name
¥ file file_list
lib_name The tool specific library name for which the simstate behavior file isjto be
loaded.
Arguments

-file file_list

The list of files containing th€ set_simstate_behavior commands.

Return | Return an empty string if successful or raise a TCLOERROR if not.
value

Loads
the lib

ary lib_name.

It shall] be an error if

Syntay examplet

14

lib_name cannot be resolved:

file_list does not exist.

a model specified in_fife,Mist cannot be found.

the set_simstate /behavior commands in file list use the -lib argument.

file list contains,UPF commands other than set_simstate_behavior.

ads¥mstate behavior libraryl -file simstate file.upf

a UPF file that only contains set_simstate_‘behavior commands and applies these to the madels in
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6.28 load_upf

Purpose | Set the scope to the specified instance and execute the specified UPF commands

load_upf upf file name
Syntax [-scope instance name_list]
[-version upf version]

upf file name The UPF file to execute.
Arguments -scope . The list of scopes where the UPF commands contained in upf file name
instance_name_list are executed.
|
-version upf version The UPF version for which commands in this file are written. Sce alsl) 6.54.
Return | Return an empty string if successful or raise a TCL_ERROR if not.
value

The lopd_upf command sets the scope to each of the specified list of instances and‘executes the set ¢f UPF
commands in the file upf file name. Upon return, the current scope is restored to what it was grior to
invocation. If a scope specified in instance_name_list is not found, further.processing of remaining scppes in
the insfance_name_list is terminated and a TCL ERROR is raised.

load_ypf does not create a new name space for the loaded UPF file."The loaded UPF file is responsible for
ensurifg the integrity of both its own and the caller’s name space as needed using existing Tcl nam¢ space
managpment capabilities.

If -scope is specified, each instance name in the instawoe name list shall be a simple name or a hierarchical
name footed in the current scope. In this case, for the duration of the load_upf command, the current scope

and depign top instance are both set to the instance;specified by the instance name and the design top fnodule
is set tp the module type of that instance.

When the load_upf command completes;-the current scope, design top instance, and design top modlule all
revert fo their previous values.

If —vexjsion upf version is specified, the command

upf version~upf version
is implicitly executed-before executing the commands in the loaded file.

Syntax example:

ldqadidpf my.upf -scope {I1/I2 I3/I2} -version 2.1
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6.29 |

oad_upf_protected

Purpose | Load a UPF file in a protected environment that prevents corruption of existing variables

load_upf protected upf file name

Syntax [-hide_globals] [-scope instance _name_list]

[-version upf version] [-params param_list]

upf file_ name The UPF file to be sourced.

-hide_globals Save all globals before sourcing upf file name and restore them

afterwards. Globals named in the param_list retain any modified values

resulting from sourcing the file. Any globals not in the param_/ist.shill be
unset before upf file name is loaded. Any globals created in the.soufced
file, other than the ones named in param_list, are unset at the(ehd of
loading.

-scope The list of scopes where the UPF commands contained’in upf file ngme

instance_name_list are executed.

Argyments -version upf version The UPF version for which commands in this file are written. See alsp 6.54.

-params param_list A list of variables to be made available.while sourcing the file. In
param_list, each element has one ofthe following formats:

a)  param_name — declated as "global S$paramName'l. Any
changes made to this variable are visible at the calling levgl once
this command completes.

b)  {param_nameparam_value} — a local variable param_npme is
created and its initial value is set to param_value.

The Tcl variable:€xTorInfo shall behave as if it has been specified |in this
list.
Return | Return an empty string if successful\or raise a TCL_ERROR if not.
value
If a sqope specified in instance ‘name list is not found, further processing of remaining scopes|in the
instande_name_list is terminated and a TCL._ERROR is raised.
If -scope is specified, edchyinstance name in the instance name list shall be a simple name or a hierarchical
name footed in the current scope. In this case, for the duration of the load_upf protected commapd, the
currenf scope and‘design top instance are both set to the instance specified by the instance name gnd the
design|top module’is set to the module type of that instance.
When thedoad_upf protected command completes, the current scope, design top instance, and desjgn top
modulcatt Tevertto their previous values.

If —version upf version is specified, the command

upf version upf version

is implicitly executed before executing the commands in the loaded file.

Syntax example:

load upf protected my.upf -hide globals -version 2.0
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6.30 map_isolation_cell [deprecated]

This is a deprecated command; see also 6.1 and Annex D.

6.31 map_level_shifter_cell [deprecated]

This is a deprecated command; see also 6.1 and Annex D.

6.32 map_power_switch

Specity which power-switch model is to be used for the implementation of the corresponding’syitch

Putlpose instance

map_power_switch switch_name_list
-lib_cells lib_cells list
[-port_map {{mapped model port switch_port or supply net ref}*}]
[-domain domain name]

Syptax

switch_name_list A list of switches [as defined by create_pewer switch (see 6.18)] tq map.

-lib_cells lib_cells list A list of library cells.

Arguments| -port_map mapped_model_port is a port ofiithe model being mapped.
{{mapped_model port  switch_port _or_supply net_ref indicates a supply or logic port on a spvitch:
switch_port_or_supply  an input supply port, outputsSupply port, control port, or acknowledg¢ port;
net_ref}*} or it references a supply et from a supply set associated with the swjtch.
See also create_power-switch (6.18) or set_power_switch (6.47).

Deprcated | -domain domain_name  This argument s ignored and provided for syntactic backward compatibil-
arguments ity only. Thisus a deprecated option; see also 6.1 and Annex D

Return | Return an empty string if successfiilbor raise a TCL_ERROR if not.
value

The mlap_power_switch command.can be used to explicitly specify which power-switch model if to be
used fgr the corresponding switch instance.

-lib_ce
-lib_ce
with rd

1Is specifies the sét of library cells to which an implementation can be mapped. Each cell specjfied in
1Is shall be defined by a define_power_switch_cell command (see 7.6) or defined in the Liberty file
quired attributes.

If -port_map is not specified, the ports of the switch instance are associated to library cell ports by matching
the regpeCtiye port names, this is named association. It shall be an error if any ports on either the[switch

instan 'a he brars e are-notmanped hen named association 1 used

It shall be an error if switch_name_list is an empty list.

NOTE 1—All map_* commands specify the elements to be used rather than inferred through a strategy. The behavior of
this manual mapping may lead to an implementation that is different from the RTL specification. Therefore, logical
equivalence checking tools may not be able to verify the equivalence of the mapped element to its RTL specification.

NOTE 2—create_power_switch can be used to define an abstract power switch that implementation tools may expand
into multiple switches. create_power_switch can also be used to specify the need for a specific switch that can then be
mapped to a specific switch implementation using map_power_switch. It is not meant to be used as a single definition
representing multiple physical switches to be mapped with map_power_switch.
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map power switch switch swl

-domain test suite
-lib cells {swl}

-port map {{inpl vinl}
{cl ctrl small}

6.33 map_retention_cell

{inp2 vin2} {outp vout}
{c2 ctrl large}}

Pullpose Constrain implementation alternatives, or specify a functional model, for retention strategies
map_retention_cell retention_name_list
-domain domain_name
[-elements element list]
Syntax [-exclude_elements exclude list]
[-lib_cells lib_cell list]
[-lib_cell_type lib_cell type]
[-lib_model name rname -port_map {{port name net_ref}*}]
retention_name_list A list of target retention strategy names defined in domain_name usipg
set_retention commands (see 6.49).
-domain domain_name  The domain in which the strategies are defined.
-elements element list A list of instances, named processes, or sequential reg or signal nanjes
whose respective sequential elements shall be mapped as specified.
-exclude_elements A list of instances, named processes, or sequential reg or signal nanjes
exclude_list whose respeetive sequential elements shall be excluded from
mapping.
Arguments| . . \ . . . . .
-lib_cells lib_cell list A list'of library cell names. Each cell in the list has retention behaviqr and
1§0therwise identical to the inferred RTL behavior of the underlying
Sequential element.
-lib_cell_type The attribute of the library cells used to identify cells that have retenfion
lib_cell type behavior and are otherwise identical to the inferred RTL behavior ofthe
underlying sequential element.
-lib_nfodel name The name of the library cell or behavioral model and associated port
model “name connectivity.
<port_map {{port_name
net_refy*}
Return” | Return an empty string if successful or raise a TCL.__ERROR if not.
value

The map_retention_cell command constrains retention strategy implementation choices and may also
specify functional retention behavior for verification.

-elements identifies elements from the effective element list (see 5.10) from a retention strategy in
retention_name_list. If -elements is not specified, the aggregate element_list for this command contains all
elements from the effective_element list of the retention _name_list.

It shall be an error if at least one of -lib_cells, -lib_cell_type, or -lib_model_name is not specified.
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— If-lib_cells is specified, each cell shall be either defined by the define_retention_cell command (see
7.7) or defined in the Liberty file with required attributes;
If -lib_cells is specified, a retention cell from /ib_cell list shall be used; if -lib_cell type is
specified, a retention cell with the same type string specified by define_retention_cell -cell_type
shall be used to implement the functionality specified by the corresponding retention strategy; if
-lib_cells and -lib_cell_type are both specified, a retention cell from /ib_cell list that is also defined
with the same type string in define_retention_cell -cell_type shall be used. Verification semantics

are unchanged by the presence or absence of -lib_cells or -lib_cell_type.

— If -lib_model_name is specified, model name shall be used as the verification model, and supply
and logic ports shall be connected as specified by -port_map options; automatic corruption and
retention verification semantics do not apply to a -lib_model name model.

— |If -lib_model_name is not specified, the verification semantic is that of the inferred RTIy bg
of the underlying sequential element modified by the retention behavior prescribed by the app

set_retention strategy.

Table ¢ summarizes the semantics for combinations of -lib_cells, -lib_cell_type, and -lib) model_na

Table 6—map_retention_cell option combinations

havior
licable

me.

-1ib_cells -lib_cell_type -lib_model name Verlﬁcat.l on Implemen?atlon pell
semantic constrained t(

N N N ERROR ERROR

N N Y model _name model_name

N Y N RTL with retention lib_cell type

N Y Y model _name lib_cell type

Y N N RTL with retention lib_cell list

Y N Y model _name lib_cell list

Y Y N RTL with retention A cell from lib_cell |list
that also has /ib_cell] type

Y Y Y model_name A cell from lib_cell |list
that also has /ib_cell type

For vefificationan‘inferred register is assumed to have the following generic canonical interface:
— | CLOEK—-The signal whose rising edge triggers the register to load data.

— | DATA—The signal whose value represents the next state of the register.

— ASYNCTOAD—Thcsigmatthat causes the Tegister to toad data whem its vatue s ome (1):

— OUTPUT—The signal that propagates the register output to the receivers of the register.

-port_map connects the specified net_ref'to a port of the model. A net_ref may be one of the following:

a) A logic net name
b) A supply net name
¢) One of the following symbolic references

1) retention_ref.function_name

This names a retention supply set function, where function _name refers to the supply net
corresponding to the function it provides to the retention ret_supply set (see 6.49).

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



https://iecnorm.com/api/?name=279146a979eafb6dff243ad9e1538f49

IEC 61523-4
IEEE Std 1801-2013 96

2)

primary_ref.function_name

This names a primary supply set function, where function name refers to the supply net

corresponding to the function it provides to the primary supply set of the domain.

can be

If UPK

can be
blicitly
|d (see

can be
blicitly

can be
blicitly

berator
blicitly

3) save_signal

i)  Refers to the save signal specified in the corresponding retention strategy.

i) To invert the sense of the save signal, the Verilog bit-wise negation operator ~
specified before the net ref. The logic inferred by the negation shall be implicitly
connected to the ret supply set from the corresponding set_retention command (see
6.49).

4) restore_signal

i)  Refers to the restore signal specified in the corresponding retention strategy.

ii) To invert the sense of the restore signal, the Verilog bit-wise negation operator ~
specified before the net ref. The logic inferred by the negation shall lbe im
connected to the ret supply set from the corresponding set_retention commar
6.49).

5) UPF_GENERIC_CLOCK

i)  Refers to the canonical CLOCK.

i) To invert the sense of the clock signal, the Verilog bit<Wise negation operator ~
specified before the net ref. The logic inferred by the negation shall be im
connected to the primary supply set.

6) UPF_GENERIC_DATA

i)  Refers to the canonical DATA.

ii) To invert the sense of the data signal, the Verilog bit-wise negation operator ~
specified before the net ref. TheMlogic inferred by the negation shall be im
connected to the primary_supplyset.

7) UPF_GENERIC_ASYNC_LOAM

i)  Refers to the canonical ASYNC_LOAD.

ii) To invert the sense of'the asynchronous load signal, the Verilog bit-wise negation o
~ can be specified before the net ref. The logic inferred by the negation shall be im
connected to the primary supply set.

8) UPF _GENERIGAOUTPUT

i)  Refers/to the canonical OUTPUT.

ii) Touinvert the sense of the output signal, the Verilog bit-wise negation operator ~
specified before the net ref. The logic inferred by the negation shall be im
connected to the primary supply set.

 GENERIC_OUTPUT is not explicitly mapped and the model has exactly one output po

can be
blicitly

rt, that

output

the register.

2t clooll 4 41 il tad o 1 ttloot 4 4+l S 4 fta 1o H f
POUTSIIa T attoIIIatIiodT y oL L OTHIC UTCUTOHICTIIC T HTIAT PTO P A s AT S TIUTUE RS I Ot P Ut tO T TOUTT VEIS O

NOTE—AIl map_* commands specify the elements to be used rather than inferred through a strategy. The behavior of
this manual mapping may lead to an implementation that is different from the RTL specification. Therefore, it may not
be possible for logical equivalence checking tools to verify the equivalence of the mapped element to its RTL

specification.

It shall be an error if

retention_name_list is an empty list.

domain_name does not indicate a previously created power domain.

A retention strategy in retention_name_list does not indicate a previously defined retention strategy.
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— An element in element_list is not included in the element list of a targeted retention strategy.

— Any retention strategy in retention_name_list does not specify signals needed to provide connection
of the mapped functions.

— After completing the port and net_ref connections, any input port is unconnected, or no output port is
connected to the net that propagates the register output to the receivers of the register.

— In implementation, none of the specified models in /ib_cell list implements the functionality
specified by a targeted retention strategy.

— In implementation, none of the specified models having a /ib_cell type attribute implements the
functionality specified by a targeted retention strategy.

— In implementation, none of the specified models in lib_cell list that have a lib_cell type attribute,
when both are specitied, implements the Tunctionality speciiied by a targeted retention strategly.

Syntax example:

mgp retention cell {my PDA ret strat 1 my PDA ret strat 2 my PRA ret strat 3}
-domain PowerDomainA

-elements {foo/Ul foo/U2}

-1lib cells {RETFFIMP1 RETFFIMP2}
-1lib cell type FF CKLO

-1lib model name RETFFVER -port map {

{cp UPF_GENERIC CLOCK}

{D UPF_GENERIC_DATA}

{SET UPF_GENERIC ASYNC LOAD}
{SAVE save signal}

{RESTORE restore signal}

{VDDC primary supply set.powery
{VDDRET ret supply set.power}

{VSsS primary supply set.gkound} }

6.34 merge_power_domains [deprecated]

This is|a deprecated command; see alsp-6:1 and Annex D.
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Purpose | Define the format for constructing names of implicitly created objects
name_format
[-isolation_prefix string] [-isolation_suffix string]
Syntax [-level_shift prefix string] [-level_shift suffix string]
[- implicit_supply_suffix string]
[- implicit_logic_prefix string] [- implicit_logic_suffix string]

-isolation_prefix string  The string prepended in front of an existing signal or port name to create a
new name used during the introduction of a new isolation cell. The default
value 1s the empty strng © of NULL.

-isolation_suffix string  The string appended to the end of an existing signal or port nafne, to cfeate a
new name used during the introduction of a new isolation cell, The default
value is the string  UPF_ISO.

-level_shift prefix The string prepended in front of an existing signal,oriport name to crpate a

string new name used during the introduction of a new'level-shifter cell. The
default value is the empty string " or NULL.

-level_shift_suffix The string appended to the end of an existuig signal or port name to cfeate a

Arguments | string new name used during the introduction of a new level-shifter cell. The
default value is the string UPEy LS-

-implicit_supply_suffix The string appended to an€Risting supply net or port name to create p

string unique name for an implicitly created supply net or port. The default|value
is the string UPF_ IS,

-implicit_logic_prefix ~ The string prepgrded in front of an existing logic net or port name to fcreate

string a unique name for an implicitly created logic net or port. The default|value
is NULL.

-implicit_logic_suffix The string appended to an existing logic net or port name to create a ynique

string name for an implicitly created logic net or port.The default value is the
strihng UPF_IL.

Return | Return an empty string-if successful or raise a TCL_ERROR if not.
vdlue
Inferregd objects have.names in the logic design. The name for these objects is constructed as follows
a) | The basé name of implicitly created objects is the name of the port or net being isolated of level-
shifted;-or the supply net, logic net, or port implicitly created to facilitate the connection qf a net
aetoss hierarchy boundaries.

b) ~Any specified prelix is then prepended to the base name.

c) Any specified suffix is also appended to the base name.

d) If multiple prefixes or suffixes apply to the same object, they shall be added in the alphabetical order
of the option name, e.g., isolation_prefix followed by level_shift prefix.

If the generated name conflicts with another previously defined name in the same name space, the generated
name is further extended by an underscore (_) followed by a positive integer. The value of the integer is the
smallest number that makes the name unique in its name space. An empty string (") is a valid value for any
prefix or suffix option. When the prefix and suffix are both NULL, only the underscore (_) and number
string combination are used as a suffix to disambiguate the name.
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Different prefixes and suffixes may be specified in multiple calls to name_ format (using different
arguments). When name_format is specified with no options, the name format is reset to the default values
shown in the Arguments list.

It shall be an error to specify an affix more than once.

Syntax example:

name format -isolation prefix “MY ISO ” -isolation suffix

A signal, MY ISO_FOO, is created and connected to a new cell’s output (to isolate the existing net FOO).

6.36 save_upf

Pullpose | Create a UPF file of the structures relative to the active or specified scope

save_upf upf file name
Synptax [-scope instance name]
[-version string]

upf file name The UPF file to write.
Arguments
-scope instance_name The scope relative to which the,JUPF commands are written.
Deprcated | -version string The UPF version of upf.file* name. See also 6.54.
arguments This is a deprecated optien; see also 6.1 and Annex D.

Return | Return an empty string if successful or raise/a’\TCL_ERROR if not.
value

The save_upf command creates a UPF fil¢\.that contains the power intent specified for a given scope. The
power [intent for that scope is written to file upf file name. The output file is generated after the powet intent
model |has been constructed (see 8.3:2

If -scope instance_name is speoified, the power intent is written for the specified scope. It is an errof if this
scope ¢loes not exist. Otherwise, the power intent is written for the current scope.

The fo]lowing also apply:
a) | Each inyOeation of save_upf generates a separate UPF output file.

b) | If save_upf is invoked for two scopes and one is an ancestor of the other, then the file genergted for
the ancestor shall contain a duplicate of the information in the file generated for the other.

Tl £all - - 1 %
C) 1T1IC lUlllellé arc Ckibll\/alclll.
save upf <filename> -scope <instance>
and

set temp [set scope <instance>]
save upf <filename>
set scope Stemp

Syntax example:

save upf test suitel Janl4
-scope top/proc_1
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Purpose | Apply attributes to models or instances
set_design_attributes
[-models model list]
[-elements element list]
Syntax [-exclude_elements exclude list]
[-attribute {name value}]*
[-is_leaf cell [<TRUE | FALSE>]]
[-is_macro_cell [<TRUE | FALSE>]]
-models model_list A list of models to be attributed.
-elements element list A list of rooted names: instances, named processes, sequential segs]or
signal names.
-exclude_elements A list of rooted names: instances, named processes, sequential regs,or
element_list signal names to exclude from the effective_elemenit-list (see 5.10).
A -attribute {name value}  For the specified models or elements, associate-the attribute name with the
rguments
value of value. See Table 4.
-is_leaf cell [<KTRUE | If-is_leaf cell is not specified at all, the default is FALSE. If -is_leaf cell
FALSE>] is specified without a value, thedefault value is TRUE.
Equivalent to -attribute {UPF~is_leaf cell value} (see 5.6).
-is_macro_cell If -is_macro_cell is not$pecified at all, the default is FALSE.
[<TRUE | FALSE>] If -is_macro_cell is specified without a value, the default value is TRUE.
Equivalent to -attribute {UPF_is_macro_cell value} (see 5.6).
Refurn | Return an empty string if successful or raisea TCL._ERROR if not.
value
This cpmmand sets the specified attributes for models or elements. It is an error if set_design_attributes is
specifipd
a) | with neither -models nor--elements; or
b) | with both -models and *elements; or
c) | with -exclude_elements, but not -elements; or
d) | without at least one of -attribute, -is_leaf cell, or -is_macro_cell.
A UPKF is_leaf-cell attribute value of "TRUE" on a model or instance prevents the -transitive pro¢essing
for the|descendants of the attributed model or instance for the following commands:

set_port_attributes (see 6.46)

-conmeet—suppt t{see612)
) PPly_BCl \DL«L/ U. T }

set_retention (see 6.49)

set_retention_elements (see 6.51)
find_objects (see 6.206)

A UPF_is_macro_cell attribute value of "TRUE" on a model or instance causes any ports of an instance of
the model to be recognized as part of the lower boundary of the power domain containing that instance if the
driver or receiver supply of that port is specified as an attribute and is neither identical to nor equivalent to
the primary supply of the containing power domain (see 6.17).
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Examples

set design attributes -elements {lock cache[0]}
—attribute {UPF is leaf cell TRUE}

set design attributes -models FIFO
—attribute {UPF is leaf cell TRUE}

set design attributes -models FIFO -is leaf cell

6.38 set_design_top

Pu]TlJUaC Qppr‘if‘v the. Hpm'gn fnp module

Syftax set_design_top design_top _module

Arguments| design_top_module The top module for which a UPF file was written.

Return | Return an empty string.
value

The sef_design_top command specifies the module for which this UPE-file was written. See 4.2.7.
It is ngt an error if the instance to which this UPF file is applied isnot an instance of the specified module. In
partim]lllar, as long as the actual module has the same structure as-the specified module, it may be possible to
apply this UPF file to that module without errors. In this casej)a tool may choose to issue a warning mgssage.

Syntax example:

sqt design top ALUOQ7

6.39 set_domain_supply_net [legacy]

Purlpose | Set the default power.and ground supply nets for a power domain

set_domain supply_net domain_name
Syptax -primaty”_power_net supply net_name
-primadry_ground_net supply net name

domain_name The domain where the default supply nets are to applied.

-primary_power_net The primary power supply net.
Arguments | supply net_name

-primary_ground_net  The primary ground net.
supply net_name

Return | Returna 1 if successful or raise a TCL_ERROR if not.
value

This is a legacy command; see also 6.1 and Annex D.

The set_domain_supply net command associates the power and ground supply nets with the primary
supply set for the domain.
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The primary supply set’s power and ground functions for the specified domain are associated with the
corresponding power and ground supply net.

It shall be an error if
— domain_name does not indicate a previously created power domain.

— The primary supply set for domain_name already has a primary power or ground function
association.

This command is semantically equivalent to

prac set domain supply net {dn pp snl pg sn2}

w

if { string equal $pp “-primary power net” \

w

&& string equal $pg “-primary ground net”}{

create supply set set name -function {power $snl}
-function {ground $sn2}
associate supply set set name -handle S$dn.primary
return 1
} else {
return -code TCL ERROR \
-errorcode $ecode \
-errorinfo $einfo \
Sresulttext

b}
where pny italicized arguments are implementation defined.
Syntay example:

sqt domain supply net PD1

-grimary power net PGl
-grimary ground net PGO

6.40 set_equivalent

Purfpose | Declare that supply nets or supply sets are electrically or functionally equivalent

set_equivalent
f<fusiction_only]

Syptax [Fnets supply net_name_list]
[-sets supply_set name_list]
-function_only Specifies that the supplies are functionally equivalent rather than ele¢tri-
catty equivatent.
Arguments -nets A list of supply port and/or supply net names that are equivalent.

supply net_name_list

-sets A list of supply set names that are equivalent.
supply set name_list

Return | Return an empty string if successful or raise a TCL_ERROR if not.
value

The set_equivalent command declares that two or more supplies are equivalent (see 4.4.3).
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If —function_only is specified, then the supplies are declared to be functionally equivalent only; otherwise
the supplies are declared to be electrically equivalent, which implies that they are also functionally
equivalent.

If —nets is specified, the command defines equivalence for a list of supply ports and/or supply nets. If —sets
is specified, the command defines equivalence for a list of supply sets and/or supply set handles. One or the
other of these options, but not both, shall be specified.

Equivalence of supply ports and nets can affect the number of sources for a given supply network and
whether resolution is required (see 9.1). Equivalence of supply sets and supply set handles can affect various
commands whose semantics are based on supply set identity or equivalence, including

tA R 1 2 L L1200 4+ <l 2 L i e AN PRI PL L 641
create LUlllPUBllC uvliiarm (sLL U 17, LITAlT PUVVCI uviaIr (SLu U.1 77, ST IBUI4AUUILl  (SLL . )

set_leyel shifter (see 6.43), set_repeater (see 6.48), and set_port_attributes (see 6.46).

For th¢ input to an implementation tool, it shall be an error if electrical equivalence has been/specified for
two nefs/sets but the actual connections that cause the electrical equivalence are not present’in the UHF or in
the HOL. For the input to a simulation tool, the actual connections implementing elecfrical equivalenge need
not be pecified.

Syntax example:

sqgt equivalent -nets { vssl vss2 ground }
sqt equivalent -function only —-nets { vdd wall &dd battery }
sqt _equivalent -function only -sets { /sys/aoh s /mem/PDl.core ssh }
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6.41 set_isolation

Purpose

Specify an isolation strategy

set_isolation strategy name
-domain domain_name
[-elements element list]
[-exclude_elements exclude list]
[-source <source _domain_name | source_supply ref>]
[-sink <sink_domain_name | sink_supply ref>]
[-diff_supply_only [<TRUE | FALSE>]]
[-use_equivalence [<TRUE | FALSE>]]

Syntax

[-applics_Tto INputs Toutputs boti—>]
[-applies_to_clamp <0 | 1| any | Z | latch | value>]
[-applies_to_sink_off clamp <0 | 1| any | Z | latch | value>]
[-applies_to_source_off clamp <0 |1 | any | Z | latch | value>]

[-no_isolation]

[-force_isolation]

[-location <self | other | parent | automatic | fanout | fanin | faninout | sibling>]
[-clamp_value {< 0|1 | any | Z | latch | value>*}]

[-isolation_signal signal list [-isolation_sense {<high | low>*}]]
[-isolation_supply set supply set list]

[-name_prefix string] [-name_suffix string]

[-instance {{instance name port name}*}]

[-update]

[-sink_off _clamp {<0 | 1| any | Z | latch | value> [sinState list]}]

[-source_off clamp {<0 | 1| any | Z | latch | valuexNsimstate list]}]
[-isolation_power_net net_name] [-isolation_ground_net net name]
[-transitive [<TRUE | FALSE>]]

Arguments

strategy name The name of the isolation strategy.

-domain domain_name The domain for which this strategy is defined.

-elements element list A list of instances or ports to which the strategy potentially applies.

-exclude_elements
exclude list

Adist of instances or ports to which the strategy does not apply.

The rooted name of a supply set or power domain. When a domain
name is used, it represents the primary supply of that domain.

-source
<source_domgifi-hame
| source supply Jref >

-sink
<sinl/domain_name |
sink)supply ref>

The rooted name of a supply set or power domain. When a domain
name is used, it represents the primary supply of that domain.

-diff_supply_only
[<TRUE | FALSE>]

Indicates whether ports connected to other ports with the same supply
should be isolated. The default is -diff_supply_only FALSE if the

Option 15 TIot Specificd atatt; if =atff supply only s Specificd withoun

a value, the default value is TRUE.

-use_equivalence
[<TRUE | FALSE>]

Indicates whether to consider supply set equivalence.

If —use_equivalence is not specified at all, the default is
-use_equivalence TRUE; if —use_equivalence is specified
without a value, the default value is TRUE.

-applies_to <inputs |
outputs | both>

A filter that restricts the strategy to apply only to ports of a given
direction.

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



https://iecnorm.com/api/?name=279146a979eafb6dff243ad9e1538f49

IEC 61523-4
105 IEEE Std 1801-2013

-applies_to_clamp <0 | A filter that restricts the strategy to apply only to ports with a particular | R
1|any | Z | latch | clamp value requirement.

value>

-applies_to_sink_off A filter that restricts the strategy to apply only to ports with a particular | R
clamp <0 | 1| any | Z | sink off clamp value requirement.

latch | value>

-applies_to_source off A filter that restricts the strategy to apply only to ports with a particular | R
_clamp<0|1|any|Z| source off clamp value requirement.

latch | value>

-no_isolation Specifies that isolation cells shall not be inserted on the specified R
ports.
-force_isolation Disables any implementation optimization involving isolationicells fof | R

a given strategy; used to force redundant isolation or to keep floating
constant ports that have an isolation strategy defined-for.them.

-location <self | other | The location in which inferred isolation cells arg placed in the logic R
parent | automatic | hierarchy, which determines the power domain in which they will
fanout | fanin | exist. The default is self.

Arguments| faninout | sibling>

-clamp_value {<0 | 1|  The value(s) that the isolation cell.can drive. The default is 0. R
any | Z | latch |

value>*}

-isolation_signal The control signal(s) that'cause(s) the isolation cell to drive with the R
signal_list corresponding valugfs) specified in —clamp_value.

-isolation_sense {<high The active levgl(s) of the corresponding isolation signal(s) specified i | R
| low>*} —isolation (signal. The default is high.

-isolation_supply_set  The,stpply set(s) that power the isolation cell for the corresponding R

supply set list control signal(s) specified in —isolation_signal.

-name_prefix string The name format (prefix and suffix) for generated isolation instances| | R
-name_suffix string or nets related to implementation of the isolation strategy.

-instance {{instance_ The name of a technology leaf-cell instance and the name of the logid | R
name port (name}*} port that it isolates.

-update Indicates that this command provides additional information for a pref | R

vious command with the same strategy name and domain_name and
executed in the same scope.

-isolation_power_net  This option specifies the supply net used as the power for the isolatior} | R

netl name logicinferred by this-strateas
— k=) J oJ

This is a legacy option; see also 6.1 and Annex D.

Legacy
arguments

-isolation_ground_net This option specifies the supply net used as the ground for the isolation | R
net_name logic inferred by this strategy.
This is a legacy option; see also 6.1 and Annex D.
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-location fanin | The isolation cell is placed at all fanin locations (sources) of the port | R
faninout | sibling being isolated.
The isolation cell is placed at all fanout locations (sinks) for each out-
put port being isolated, or at all fanin locations (sources) for each input
port being isolated.
A new sibling is created into which the isolation cells are placed in the
logic hierarchy.
These are all deprecated options; see also 6.1 and Annex D.
-clamp_value {<any>} The -clamp_value option any. R
This is a deprecated option; see also 6.1 and Annex D.
Deprecated
t:
arguments -sink_off clamp {<0|1 The -sink off clamp option specifies the clamp requirement when the | R
| any | Z | latch | value>  sink domain is off.
[simstate list]} This is a deprecated option; see also 6.1 and Annex D.
-source_off clamp {<0 The -source off clamp option specifies the clamp requiremert whey | R
|1|any | Z |latch | the source domain is off.
value> [simstate list]} ~ This is a deprecated option; see also 6.1 and Annex B.
-transitive When -transitive is TRUE (the default), the command applies to the
[<TRUE | FALSE>] descendants of the elements.
This is a deprecated option; see also 6.1 and-Annex D.
Return Return an empty string if successful or raise a TCL_ERROR if not.
value

The se
6.17).
logical

-domajin specifies the domain for which this strategy is defined.

-elemd
elemen
specifi
with 1
-updat
update

-exclugle_elements explicitly identifies a set of ports to which this strategy does not apply. The exciu
ntainfooted names of instances or ports in the specified domain. If an instance name is specjfied in
Cludeist, it is equivalent to specifying all the ports of the instance in the exclude lisf. Any
p_lists specified on the base command or any updates of the base command are combined ihto the

may ¢
the ex
exclud,

An isolation strategy is applied at the domain bouridaty, as required to ensure correct electri
functionality when domains are in different powet/states.

every port on thé.iriterface of the domain is included in the aggregate element list (see 5.10)

aggregate_exclude_list (see 5.10).

k_isolation command defines an isolation strategy fot\ports on the interface of a power domdin (see

al and

nts explicitly identifies a set of--candidate ports to which this strategy potentially applids. The
¢t list may contain rooted names-0f instances or ports in the specified domain. If an instance fame is
ed in the element list, it is equivalent to specifying all the ports of the instance in the element_Jist, but
wer precedence (see S\8). Any element lists specified on the base command or any updatps (see
e) of the base commard are combined. If -elements is not specified in the base command |or any

de_list

The arguments -source, -sink, -diff_supply_only, -applies_to, -applies_to_clamp, -applies_to_sink_off
_clamp, and -applies_to_source_off clamp serve as filters that further restrict the set of ports to which a
given set_isolation command applies. The command only applies to those ports that satisfy all of the
specified filters.

-source is satisfied by any port that is driven by logic powered by a supply set that matches (see
-use_equivalence) the specified supply set, ignoring any isolation or level-shifting cells that have already
been inferred or instantiated from an isolation or level-shifting strategy.
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-sink is satisfied by any port that is received by logic powered by a supply set that matches (see
-use_equivalence) the specified supply set, ignoring any isolation or level-shifting cells that have already
been inferred or instantiated from an isolation or level-shifting strategy.

NOTE 1—A port that does not have a driver will never satisfy the -source filter. A port that does not have a receiver will
never satisfy the -sink filter.

-diff_supply_only TRUE is satisfied by any port for which the driving logic and receiving logic are
powered by supply sets that do not match (see -use_equivalence), or for which either driving or receiving or
both supply sets cannot be determined. -diff_supply_only FALSE is satisfied by any port.

-use_equivalence specifies whether supply set equivalence is to be considered in determining $vhgn two
supply|sets match. If -use_equivalence is specified with the value False, the -source and -sink filtefs shall
match jonly the named supply set; the -diff_supply_only TRUE filter shall be satisfied orily, it the driver
supplyland receiver supply of the port are not identical. Otherwise, the -source and -sink filtérs shall match
the naned supply set or any supply set that is equivalent to the named supply set; the*diff_supply_only
TRUH filter shall be satisfied only if the driver supply and receiver supply of the port’are neither identical
nor eqyivalent.

-appli¢s_to is satisfied by any port that has the specified mode. For upper boundary ports, this filter is
satisfigd when the direction of the port matches. For lower boundary ports, this filter is satisfied when the
invers¢ of the direction of the port matches. For example, a lower bodndary port with a direction OUT|{would
satisfy|the -applies_to IN filter, because an output from a low€r boundary port is an input to this domain.
-appli¢s_to is always relative to the specified domain.

-appli¢s_to_clamp, -applies_to_sink_off clamp, and ~applies_to_source_off_clamp are satisfied py any
port [that has the specified value for ¢he UPF_clamp_value, UPF_sink off clamp, or
UPF_dource_off clamp port attribute, respectively.

The dffective_element list (see 5.10)( for this command consists of all the port names [in the
aggredate_element list that are not also in the aggregate exclude list and that satisfy all of the| filters
specifipd in the command. If a pert in the effective element list is not on the interface of the specified
domaip, it shall not be isolated;

If a giyen port name is referenced in the effective_element list of more than one isolation strategy of § given
domain, the precedefice rules (see 5.8) determine which of those strategies actually apply to that por{ name.
If the precedence-~rules identify multiple strategies that apply to the same port name, then those strptegies
shall epch havena-<sink filter that matches the receiving supply of a different sink domain for the specified
port. If shall be'an error if the precedence rules identify multiple strategies that apply to the same poit name
such that more than one strategy applies to the same sink domain for that port.

If -no_isolation is specified, then isolation is not inferred for any port in the effective_element list.

If -force_isolation is specified, then isolation is inferred for each port in the effective_element list and the
inferred isolation cells are not to be optimized away, even if such optimization does not change the behavior
of the design.

If neither -no_isolation nor -force_isolation is specified, then isolation is inferred for each port in the
effective_element list, and implementation tools are free to optimize away isolation cells that are redundant
provided that such optimization does not change the behavior of the design.
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-location defines where the isolation cells are placed in the logic hierarchy and therefore the power domain
into which they are inserted, as follows:

self—the isolation cell is placed inside the domain whose interface port is being isolated (the
default).

other—the isolation cell is placed in the parent for ports on the interface of the domain that connect
to the parent, and in the child for ports on the interface of the domain that connect to a child.

parent—the isolation cell is placed in the parent of the instance whose interface port is being
isolated.

fanout—the isolation cell is placed at all fanout locations (receiving logic) of the port being
isolated.

automatic—the implementation tool is free to choose any of the locations self, parent, or,other.

If -locgtion fanout is specified, the isolation cell shall be inserted at the port on the domain boundary] that is
closesf to the receiving logic. If the receiving logic is in a macro cell instance, the isolation cell shall be
inserted in the domain that contains the macro cell instance; otherwise the isolation cell’shall be insdrted in

the domain that contains the receiving logic.

If -loc
power
contril

the sink domain is placed closer to the receiving logic.

If any
power
cells b
cell co
by the

If two
multip

ition automatic is specified, and a second isolation strategy is also applied to this port by thg other
domain sharing this interface, the location chosen by the tool shall’ be such that the isolatipn cell
uted by the source domain is placed closer to the driving logic and'the isolation cell contribyted by

pair of isolation cells are inferred from two different isolation strategies for ports of two different
domains along the same path from a driver to a receiver, and the —location specified results |n both
bing inserted into the same domain, then the two isolation cells shall be inserted such that the isplation
htributed by the source domain is placed closerttothe driving logic and the isolation cell contfibuted
kink domain is placed closer to the receiving logic.

or more isolation strategies apply to the same port on the interface of a power domain, suth that
e isolation cells need to be inferréd-for different paths from that port to a receiving domdin, the

-locatipn specified explicitly or implicitly-for each of those strategies shall be such that the various isplation

cells ¢
strateg

The -d
specifi
option
length
isolati

data i1

in be inserted without splitting'the port into multiple ports. It shall be an error if multiple isplation
es for the same port cannet be implemented without duplicating the port.

lamp_value, -isolation_signal and -isolation_sense, and -isolation_supply_set options arne each
bd as a single value' or a list. If any of these options specify a list, then all lists specified fofr these
shall be of thesame length and any single value specified is treated as a list of values of thg same
The tuples-formed by associating the positional entries from each list shall be used to define s¢parate
n requiremments for the strategy. These tuples are applied to the isolation cell from the isolation cell’s
put port to its data output port in the order in which they appear in each list. The output|of the

1solati

n.cell shall be the right-most value in the -clamp_value list whose corresponding isolation signal is

active.

-clamp_value specifies the value of the inferred isolation cell’s output when isolation is enabled. The
specification may be a single value or a list of values. Any of the following may be specified:

0 (the logic value 0)
1 (the logic value 1)
Z (the logic value 7)
latch (the value of the non-isolated port when the isolation signal becomes active)

value specifies a value that is legal for the type of the port, e.g., 255 might be specified for an
integer-typed port (perhaps constrained to an unsigned 8-bit range).
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If -clamp_value is not specified, it defaults to 0.

Verification shall issue an error when a UPF_sink off clamp, UPF _source off clamp, or
UPF_clamp_value requirement is violated.

-isolation_signal identifies the control signal for each clamp value specified by -clamp_value.
-isolation_sense specifies the value that enables isolation, for each signal specified by -isolation_signal.

-isolation_supply_set specifies the supply set(s) that shall be used to power the inferred isolation cell. The
iSOlati‘ SCI(S ‘-“ Ca—oy ’Eii' SHPPTY—SE i"'-' y—COMMICCTea—0o "'Gii

inferrefd by this command. If -isolation_supply_set is not specified, the default isolation supply|of the
power [domain in which the inferred cell will be located is used as the isolation supply. Forexample, if
set_isdlation is specified with -location parent and -isolation_supply_set is not specified, then the
defaulf_isolation supply set of the parent domain is used.

-name| prefix specifies the substring to place at the beginning of any generated'name implementipg this
strategly.

-name| suffix specifies the substring to place at the end of any generatediname implementing this strategy.

-instarjce specifies that the isolation functionality exists in the HDL 'design and instance name dendtes the
instande providing part or all of this functionality. An instance aame is a simple name or hierarchicgl name
rooted|in the current scope. If an empty string appears as.aninstance_name, this indicates that an ifpstance
was cifeated and then optimized away. Such an instance “should not be reinferred or reimplemerted by
subsequent tool runs.

In this|case, the following also apply:

— |Isolation enable signal(s) are automiatically connected to one or more ports of an instance of a cell
defined by the library command-define_isolation_cell (see 7.4). If the strategy specifies multiple
isolation enable signals, theh the cell shall also be defined with both the -enable option 4nd the
-aux_enables option (see“%4), the first isolation enable signal shall be connected to the port
specified by the -enable.option, and the rest of the signals shall be connected to the ports specified
by the -aux_enablés option in the same order.

— | If the strategy specifies a single isolation supply set, the supply nets of the set shall be automgtically
connected to)the primary supply ports of the isolation cell. If the strategy specifies multiple isplation
supply s€tsy the isolation enable ports shall have related power, ground, and bias port attributes (see
6.45 and*6.46), and the supply nets of the isolation supply set corresponding to each isolation|enable
signalshall be automatically connected to the supply ports matching the related power, ground, and
bias ports of the isolation enable port (see 7.4).

— If there are no supply ports on the instance, then the isolation supply set(s) specified in the strategy
shall be implicitly connected to the instance.

— Itis an error if there is a single isolation enable signal and there is more than one port on the library
cell of the instance defined as isolation enable pin or aux enable pin (see 7.4).

—update adds information to the base command executed in the same scope. When specified with -update,
-elements and -exclude elements are additive: the set of instances or ports in the aggregate elements list
is the union of all -elements specifications given in the base command and any update of this command, and
the aggregate_exclude_list is the union of all -exclude_elements specifications given in the base command
and any update of this command.
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Tools shall not use information about system power states to avoid inserting isolation as directed by these
strategies. However, tools may optionally use information about system power states to issue a warning that
certain strategies appear to be unnecessary.
The following also apply:

— This command never applies to inout ports.

— Itis erroneous if an isolation strategy isolates its own control signal.

— It shall be an error if -no_isolation is specified along with any of the following: -force_isolation,
-isolation_signal, -isolation_sense, -instance, -location, -name prefix, -name_suffix,
-isolation_supply_set, -isolation_power_net, or -isolation_ground_net.

— | It shall be an error if the isolation supply set is not defined for a strategy and the domain, in which the
inferred isolation cell is located does not have a default_isolation supply set.

NOTE R—To specify an isolation strategy for a port P on the lower boundary of a power(domain D (see 4.3.1), a
set_isolation command can specify ~domain D and specify the port name I/P, where I is the hierarchical narhe of an
instanc¢ that is instantiated in domain D but is not in the extent of domain D, and P is the §imple name of the porf} of that
instanc¢. The combination of the -domain specification and the hierarchical port nameg'makes it clear this refereqce is to
the HighConn of the specified port, which is part of the lower boundary of the domdin*D-

NOTE B—The exclude_list in -exclude_elements can specify instances or portsithat have not already been expljcitly or
implicifly specified via an explicit or implied element _list.

NOTE 4—If a -diff_supply_only, -source, or -sink argument is useéd and instances are included in desighs with
differerjt power distribution or connectivity, the evaluation of the need for isolation may vary and cause a change in the
logical function of a block.

NOTE p—TIsolation clamp value port properties can be annotated in HDL using the attributes shown in 5.6. The same
attributps may be specified using the set_port_attributes.‘command in 6.46.

NOTE p—It is not an error if multiple isolation strategies apply to a connection from one domain to another domain.

Syntax example:

sqt isolation parenti\strategy

-domain pda

-elements {a\b c d}

-isolatiofi 'supply set {pda isolation supply}
-clamp value {1}

-dpplies to outputs -sink pdb

set isolation parent strategy -update
-domain pda
-isolation signal cpu_ iso

-isolation sense low -location parent

6.42 set_isolation_control [deprecated]

This is a deprecated command; see also 6.1 and Annex D.
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Purpose | Specify a level-shifter strategy
set_level_shifter strategy name
-domain domain_name
[-elements element list]
[-exclude_elements exclude list]
[-source <source _domain_name | source_supply ref>]
[-sink <sink_domain_name | sink_supply ref>]
[-use_equivalence [<TRUE | FALSE>]]
[-applies_to <inputs | outputs | both>]
[-rute<tow_to_high T high_to_tow [ botii=|
Sy]ltax [-threshold <value | list>]
[-no_shift] [-force_shift]
[-location <self | other | parent | automatic | fanout | fanin | faninout | sibling>]
[-input_supply_set supply set ref] [-output_supply_set supply set ref]
[-internal_supply_set supply set ref]
[-name_prefix string] [-name_suffix string]
[-instance {{instance_name port name}*}]
[-update]
[-transitive [<TRUE | FALSE>]]
strategy _name The name of the level-shifter strategy.
-domain domain_name The domain for which this strategy is defined.
-elements element list A list of instances or ports tOwwhich the strategy potentially applies. R
-exclude_elements A list of instances or,ports to which the strategy does not apply. R
exclude list
-source The rooted nanie of a supply set or power domain. When a domain R
<source_domain_name name is used, it represents the primary supply of that domain.
| source_supply ref>
-sink Therooted name of a supply set or power domain. When a domain R
<sink_domain_name | name is used, it represents the primary supply of that domain.
sink_supply ref>
Arguments -use_equivalenee Indicates whether to consider supply set equivalence. R
g [<TRUE | FALSE>] If -use_equivalence is not specified at all, the default is
-use_equivalence TRUE; if —use_equivalence is specified without a|
value, the default value is TRUE.
<applies_to <inputs | A filter that restricts the strategy to apply only to ports of a given R
outputs | both> direction.
-rule <low_to_high | A filter that restricts the strategy to apply only to ports that require a R
high_to_low | both> given level-shifting direction. The default 1s both.
-threshold <value | A filter that restricts the strategy to apply only to ports that involvea | R
list> voltage difference above a certain threshold. The default is 0.
-no_shift Specifies that level-shifter cells shall not be inserted on the specified | R
ports.
-force_shift Disables any implementation optimization involving level-shifter cells | R
for a given strategy.
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-location <self | other | The location in which inferred level-shifter cells are placed in the logic | R
parent | automatic | hierarchy, which determines the power domain in which they will
fanout | fanin | exist. The default is self.
faninout | sibling>
-input_supply_set The supply set used to power the input portion of the level-shifter. R
supply set ref
-output_supply_set The supply set used to power the output portion of the level-shifter. R
supply set ref
-internal_supply_set The supply set used to power internal circuits within the level-shifter. | R
Arguments| supply set ref
-name_prefix string The name format (prefix and suffix) for generated level-shifter R
-name_suffix string instances or nets related to implementation of the level-shifting
strategy.
-instance The name of a technology library leaf-cell instance and the name of th¢ | R
{{instance_name logic port that it level-shifts.
port_name}*}
-update Indicates that this command provides additional information for a R
previous command with the same strategy” name and domain_name
and executed in the same scope.
-threshold </ist> list is a matrix of values. R
This is a deprecated optionjgee also 6.1 and Annex D.
-location fanin | The level-shifter cell 1$,placed at all fanin locations (sources) of the R
faninout | sibling port being shifted.
The level-shiftercell is placed at all fanout locations (sinks) for each
b d output port being shifted, or at all fanin locations (sources) for each
a:g;:::;ets input port being shifted.
A new sibling is created into which the level-shifter cells are placed i
the logic hierarchy.
These’are all deprecated options; see also 6.1 and Annex D.
-transitive ‘When -transitive is TRUE (the default), the command applies to the
[<TRUE | FALSE>] descendants of the elements.
This is a deprecated option; see also 6.1 and Annex D.
Refurn | Return an émpfy string if successful or raise a TCL_ERROR if not.
value
The sqt_level_shifter command defines a level-shifting strategy for ports on the interface of a|power

domai
voltag

(see_6.17). A level-shifter strategy is applied at the domain boundary, as required to co
lldifferences between driving and receiving supplies of a port.

-domain specifies the domain for which this strategy is defined.

nlect for

-elements explicitly identifies a set of candidate ports to which this strategy potentially applies. The
element _list may contain rooted names of instances or ports in the specified domain. If an instance name is
specified in the element list, it is equivalent to specifying all the ports of the instance in the element list but
with lower precedence (see 5.8). Any element lists specified on the base command or any updates (see
-update) of the base command are combined. If -elements is not specified in the base command or any
update, every port on the interface of the domain is included in the aggregate element list (see 5.10).
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-exclude_elements explicitly identifies a set of ports to which this strategy does not apply. The exclude list
may contain rooted names of instances or ports in the specified domain. If an instance name is specified in
the exclude_list, it is equivalent to specifying all the ports of the instance in the exclude list. Any
exclude_lists specified on the base command or any updates of the base command are combined into the
aggregate_exclude_list (see 5.10).

The arguments -source, -sink, -applies_to, -rule, and -threshold serve as filters that further restrict the set
of ports to which a given set_level_shifter command applies. The command only applies to those ports that
satisfy all of the specified filters.

-source is satisfied by any port that is driven by logic powered by a supply set that matches (see
-use_epuivatence) thespecified supply set; Tgmoring any isotation or fevetsshiftimg cettsthat trave glready
been inpferred or instantiated from an isolation or level-shifting strategy.

-sink |s satisfied by any port that is received by logic powered by a supply set that ‘match¢s (see
-use_equivalence) the specified supply set, ignoring any isolation or level-shifting cells/that have glready
been inpferred or instantiated from an isolation or level-shifting strategy.

NOTE [[—A port that does not have a driver will never satisfy the -source filter. A port that.does not have a receiver will
never sptisfy the -sink filter.

-use_epuivalence specifies whether supply set equivalence is to be cénsidered in determining when two
supply|sets match. If -use_equivalence is specified with the value False, the -source and -sink filtefs shall
match jonly the named supply set. Otherwise, the -source and -sink filters shall match the named supply set
or any [supply set that is equivalent to the named supply set.

-appli¢s_to is satisfied by any port that has the specified. mode. For upper boundary ports, this filter is
satisfigd when the direction of the port matches. Forlewer boundary ports, this filter is satisfied wlen the
invers¢ of the direction of the port matches. For example, a lower boundary port with a direction OUT|would
satisfy[the -applies_to IN filter, because an output from a lower boundary port is an input to this domain.
-appli¢s_to is always relative to the specified-domain.

-rule |s satisfied by any port for whieh the driving and receiving logic have the specified Yoltage
relatiopship. If low_to_high is spegcified, a given port satisfies this filter if the voltage of its driver supply is
less than the voltage of its receiver supply. If high_to_low is specified, a given port satisfies this filtdr if the
voltag¢ of its driver supply is‘greater than the voltage of its receiver supply. If -rule both is specified, a
given port satisfies this filterif would satisfy either -rule low_to_high or -rule high_to_low.

-threshold is satisfied by any port for which the magnitude of the difference between the driver and r¢ceiver
supply| voltages can exceed a specified threshold value. The nominal power and ground of the port’q driver
supplylare comparcd with the nominal power and ground of the port's receiver supply. This option rg¢quires
tools t¢ use(information defined in power states of the supplies involved in a given interconnection bgtween
objecty with different supplies. If -threshold is not specified, it defaults to 0, which ensures that g level-

. 111 - 1c - il - 1 1.oo
Shlfter WIT DT IIITIICU 10T a4 SIVCIT DUITIT UICIT 1S dily VOILd gt UITITITICT.

The -threshold value is evaluated as shown in the following pseudo code:

foreach A in the legal power states of the input supply set
foreach B in the legal power states of the output supply set

if exists legal power state (A, B)

if (threshold value < max (| (A nominal power - B nominal power) |,
| (A _nominal ground - B nominal ground) |))
return (REQUIRED)

endif

endif
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next B
next A
return (NOT REQUIRED)

The effective_element list (see 5.10) for this command consists of all the port names in the
aggregate_element_list that are not also in the aggregate exclude list and that satisfy all of the filters
specified in the command. If a port in the effective_element list is not on the interface of the specified
domain, it shall not be level-shifted.

If a given port name is referenced in the effective_element list of more than one level-shifting strategy of a
given domain, the precedence rules (see 5.8) determine which of those strategies actually apply to that port
name. fHthre—precedenceTutesdentfy mmuttipte—strategres—that—apptyto—the—same—portmame;tien  those
strategjes shall each have a -sink filter that matches the receiving supply of a different sink domain|for the
specifipd port. It shall be an error if the precedence rules identify multiple strategies that apply ‘to the same
port ngme such that more than one strategy applies to the same sink domain for that port.

If -no_[shift is specified, then level-shifting is not inferred for any port in the effective’ element list.

If -for¢e_shift is specified, then level-shifting is inferred for each port in the.effective_element list gnd the
inferrefd level-shifting cells are not to be optimized away, even if such optimization does not change the
behavipr of the design.

If neither -no_shift nor -force_shift is specified, then level-shifting is inferred for each port|in the
effective_element list, and implementation tools are free to «Optimize away level-shifting cells that are
redundant provided that such optimization does not change the.behavior of the design.

-locatiIlm defines where the level-shifter cells are plaeed in the logic hierarchy and therefore the|power
domaif into which they are inserted, as follows:

self—the level-shifter cell is placed inside the domain whose interface port is being shift¢d (the
default).

other—the level-shifter cell is_plaeed in the parent for ports on the interface of the domdin that
connect to the parent, and in.the child for ports on the interface of the domain that connect to  child.

parent—the level-shifter cell is placed in the parent of the element whose interface port i§ being
shifted.

fanout—the level4shifter cell is placed at all fanout locations (receiving logic) of the porf being
shifted.

automatic=-the implementation tool is free to choose any of the locations self, parent, or other.

If -location fanout is specified, the level-shifter cell shall be inserted at the port on the domain boundary
that is plosestto the receiving logic.

If the port at which the level-shifter is inserted is connected to the input or output of an isolation cell, or is
connected to the output of one isolation cell and the input of another isolation cell, the level-shifter is
inserted either immediately before, or immediately after, or between the isolation cell(s), as appropriate, to
achieve the best match between any explicitly specified input/output supplies of the strategy and the actual
driver/receiver supplies at each location.

If multiple level-shifter strategies are defined that would insert a level-shifter at the same domain boundary,
any of those level-shifter strategies can be applied in any of the preceding locations, in either domain, either
singly or in combination. If two potential solutions match the driving and receiving supplies equally well,
the solution that applies a level-shifting strategy contributed by a domain closer to the receiving domain
shall be used.
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For a port on the boundary between two domains, if neither domain explicitly defines a level-shifter strategy
that applies to that port, then a default level-shifter strategy is implicitly defined for the LowConn side of the
port, on the upper boundary of the lower domain. The default level-shifter strategy is as follows:

set level shifter -domain <domain name> -elements <port name> -rule both
-threshold O

-input_supply_set specifies the supply set connected to input supply ports of the level-shifter (see 7.4). The
default is the supply of the logic driving the level-shifter input. The default is used if and only if that supply
set is available in the domain in which the level-shifter will be located. It shall be an error if the default
supply set is required but is not available.

-output_supply_set specifies the supply set connected to the output supply ports of the levelsshifter (see
7.4). The default is the supply of the logic receiving the level-shifter output. The default is used\ifiand|only if
that supply set is available in the domain in which the level-shifter will be located. It shallibe.an error if the
defaulq supply set is required but is not available.

Default input and output supply set definitions apply only if exactly one level-shiftér strategy applies to a
given port, all drivers of that port have equivalent supplies, and all receiveps ofthat port have equlivalent
suppligs. For more complex cases, the required supply sets should be explicitly’specified.

If the [level-shifter strategy is mapped to a library cell that requiressonly a single supply, then ¢xplicit
specififation of an input supply set is not required, any explicit inpuf'supply set specification is ignorgd, and
the default input supply set does not apply; only the output supply Set is used.

-interngal_supply_set specifies the supply set that shall be used to provide power to supply ports that are not
related to the inputs or outputs of the level-shifter. There is no default supply set defingd for
-internal_supply_set.

-name| prefix specifies the substring to place-at the beginning of any generated name implementipg this
strategly.

-name| suffix specifies the substring to place at the end of any generated name implementing this strategy.

-instance specifies that the leyel-shifter functionality exists in the HDL design, and instance name denotes
the instance providing part.or all of this functionality. An instance name is a simple name or hierarchical
name yooted in the currént scope. If an empty string appears as an instance name, this indicates that an
instande was created ‘and then optimized away. Such an instance should not be reinferred or reimplemented
by subpequent tgolruns.

—updale adds/information to the base command executed in the same scope. When specified with -update,
-elemgnts dand -exclude elements are additive: the set of instances or ports in the aggregate elemepts list
is the union of all -elements specifications given in the base command and any update of this command, and
the aggregate _exclude list is the union of all -exclude_elements specifications given in the base command
and any update of this command.

The following also apply:
— This command never applies to inout ports.
— The simstate semantics of all implicitly connected supply sets apply to the output of a level-shifter.

— It shall be an error if -no_shift is specified along with any of the following: -force_shift, -instance,
-location, -name_prefix, -name suffix, -input supply set, -output supply set, or
-internal_supply_set.
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It shall be an error if there is a connection between a driver and receiver and all of the following apply:

NOTE

The supplies powering the driver and receiver are at different voltage levels.

A level-shifter is not specified for the connection using a level-shifter strategy.

A level-shifter cannot be inferred for the connection by analysis of the power states of the supplies to

the driver and receiver.

2—To specify a level-shifting strategy for a port P on the lower boundary of a power domai

in D, a

set_level_shifter command can specify ~domain D and specify the port name I/P, where I is the hierarchical name
of an instance that is instantiated in domain D but is not in the extent of domain D, and P is the simple name of the port of
that instance. The combination of the -domain specification and the hierarchical port name makes it clear this reference
is to the HighConn of the specified port, which is part of the lower boundary of the domain D.

NOTE Iﬁ—lne exclude_list In -exclude_elements can specily Instances or ports that have not already been expljcitly or
1

implici

NOTE
domain|

Syntax example:

sgt level shifter shift up

Sq

6.44 set_partial_on_translation

y specified via an explicit or implied element _list.

4—It is not an error if multiple level-shifting strategies apply to a connection from one defain to

-domain PowerDomainZ

-applies to inputs -source PowerDomainX.ssl

-threshold 0.02

-rule both

t level shifter TurnOffDefaultLS -domain PD‘¢no_ shift

this turns off inference of a default lewel-shifter for ports on the
upper boundary of domain PD

another

Purfpose | Define the translation of PARTIAL_ON

Syptax

set_partial_on_translation
<OFF | FULL_ON>

Arguments| OFF | FULL_QN The value to use in place of PARTIAL_ON.

Re

vdlue

urn | Return the setting of the translation if successful or raise a TCL_ERROR if not.

This ¢
the pd

wer’ state of supply sets and power domains. The state of a supply set is evaluate

mmand.defines the translation of PARTIAL_ON to FULL_ON or OFF for purposes of evaJuating

1 after

PART

at

It shall

AL - ONdctranclatad +  TTIT Y ON o OFE fo o
7YX T OOy O OT

Q ch qrunanlss oz 10 tha o
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be an error if this command is invoked with different values in the same UPF description.

Syntax example:

set partial on translation FULL ON

6.45 set_pin_related_supply [deprecated]

This is

a deprecated command; see also 6.1 and Annex D.
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Purpose | Define information on ports
set_port_attributes
[-model name]
[-elements element list]
[-exclude_elements element exclude list]
[-ports port_list]
[-exclude_ports port exclude list]
[-applies_to <inputs | outputs | both>]
[-attribute {name value}]*
Lela Lol o]
L — 1
[-sink_off clamp <0 | 1| any | Z | latch | value>]
[-source_off clamp <0 | 1| any | Z | latch | value>]
Syntax [-driver_supply supply set ref]
[-receiver_supply supply set ref]
[-pg_type pg_type_value]
[-related_power_port supply port name)
[-related_ground_port supply port name]
[-related_bias_ports supply port name_list)
[-feedthrough]
[-unconnected]
[{-domains domain_list [-applies_to <inputs | outputs | both>]}]
[{-exclude_domains domain_list [-applies_to <inputs | outputs | both>]}]
[-repeater_supply supply set ref]
[-transitive [<TRUE | FALSE>]]
-model name A module or library cellwhose ports are to be attributed.
-elements element list A list of instances whose ports are to be attributed.
-exclude_elements A list of instances whose ports are to be excluded from the command.
element _exclude_list
-ports port list A list of'simple names of ports to be attributed.
-exclude_ports Allist of ports to be excluded from the command.
port_exclude_list
-applies_to <inputs| Indicates whether the specified input ports, output ports, or both are {o be
outputs | both>, attributed.
-attribute {ngme value}  The attribute name and value pair to be associated with the specified|ports.
Arguments| -clampivalue <01 | The clamp requirement.
apy.}Z7 latch | value>  Equivalent to -attribute {UPF_clamp_value value} (see 5.6).
sSink_off_clamp <0|1| The clamp requirement when the sink domain is off.
any | Z | latch | value>  Equivalent to -attribute {UPF_sink_off clamp_value value} (see 5.6).
= —off - Trisoff
1| any | Z | latch | Equivalent to -attribute {UPF_source_off clamp_value value} (see 5.6).
value>
-driver_supply The supply set used by drivers of the port.
supply set ref Equivalent to -attribute {UPF_driver_supply supply set ref} (see 5.6).
-receiver_supply The supply set used by receivers of the port.
supply set ref Equivalent to -attribute {UPF _receiver_supply supply set ref} (see 5.6).
-pg_type pg type value The pg type port.
Equivalent to -attribute {UPF_pg_type pg type value} (see 5.6).
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-related_power_port The power port for the attributed port. Equivalent to -attribute

supply _port name {UPF _related_power_port supply port name} (see 5.6).
-related_ground_port  The ground port for the attributed port. Equivalent to -attribute
supply port_name {UPF_related_ground_port supply port name} (see 5.6).
-related_bias_ports The bias port(s) for the attributed port. Equivalent to -attribute

Arguments | supply port name list ~ {UPF_related_bias_ports supply port name_list} (see 5.6).

5.6).

-feedthrough Indicates that the specified ports are connected together internally to form a
feedthrough. Equivalent to -attribute {UPF_feedthrough TRUE} (see

Equivalent to -attribute {UPF_unconnected TRUE} (see 5.6).

{-domains domain_list A list of domains whose ports are to be attributed.This is a deprecate
[-applies_to <inputs | option; see also 6.1 and Annex D.
outputs | both>]}

{-exclude_domains A list of domains whose ports are excluded from being attributed. THis is a
domain_list deprecated option; see also 6.1 and Annex D.
[-applies_to <inputs |
lzflg);:;:;ig outputs | both>]}
-repeater_supply The supply set used by a repeater driving the port. This is a deprecat¢d
supply_set ref’ option; see also 6.1 and Annex D.
-transitive [<TRUE | If -transitive is not specified atall, the default is -transitive TRUE.
FALSE>] If -transitive is specified without a value, the default value is TRUH.
This is a deprecated option; see also 6.1 and Annex D.
Return | Return an empty string if successful or raise,a'TLCL_ERROR if not.
value
The sgt_port_attributes command specifies~information associated with ports of models or instances.
Certaif predefined attributes identify a ‘port’s related supplies and in doing so may define the| lower
boundiry of a power domain; other predefined attributes provide information relevant to isolation and level-
shifting insertion.
User-defined attributes may.also be associated with a port. The meaning of a user-defined attributg is not
specifipd by this standard:
The sef of ports attfibiited is determined as follows:
a) | A setoficandidate ports is first identified. This set includes the following:

19, If -elements is specified, all ports of each instance named in the elements list are inclyded in
| Jid ncludi logi nferred £ logi see 6.16), but
excluding any supply ports.

2) If -ports is specified, each port named in the ports list is included in the candidate set.

b) The candidate set is then restricted to those ports that satisfy any filters specified. A port is removed
from the candidate set if:

1) The port name appears in the -exclude_ports list.

2) The port is a port on an instance named in the -exclude_elements list.

3) The port direction is not consistent with the direction identified by the -applies_to option.

c¢) The resulting restricted set is the set of ports to be attributed.
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If -model is specified, the port attributes are applied to the selected ports of each instance of the model. In
this case, only names that are declared in the model may be referenced in arguments to this command and all
names are interpreted relative to the topmost scope of the model.

-model and -attribute can be used together to specify attributes for ports of a hard IP. For example, if ports
of the hard IP are connected to each other by the same metal wire, i.e., a feedthrough connection, they
should have the UPF_feedthrough attribute set to TRUE. If a port is not connected to any logic inside the
hard IP, it should have the UPF_unconnected attribute set to TRUE. For more details, see Annex G.

-clamp_value defines the UPF_clamp_value attribute, which specifies the clamp value to be used if this
port has an isolation strategy applied to it.

-sink_pff_clamp defines the UPF_sink_off_clamp attribute, which specifies the clamp requiremént when
the sugply set connected to the sink is in a power state with a corresponding simstate of CORRUPT.

-sourcp_off clamp defines the UPF_source_off clamp attribute, which specifies the.¢lamp requirement
when fhe supply set connected to the source is in a power state with a cofrésponding simsfate of
CORRUPT.

When h user-defined clamp value is specified for UPF_sink_off _clamp orUPF_source_off clamp, [it shall
be a lejgal value for the type of the port. A clamp value of any specifiestany clamp value legal for the port
type is|allowed. If the port needs to be isolated in a given context,{the specific clamp value to use shall be
specifipd in a set_isolation command (see 6.41).

-drivef_supply and —receiver_supply define the attributes \UPF_driver_supply or UPF_receiver_gupply,
respecfively. These attributes can be used to specify the;driver supply of a macro cell output port or the
receivgr supply of a macro cell input port. They camalso be used to specify the driver supply of ejxternal
logic driving a primary input or to specify the receiver supply of external logic receiving a primary ofitput.

When [the UPF_driver_supply attribute .is"defined for a port, it specifies the driver supply of thg logic
driving the port. If the driving logic is not within the logic design starting at the design root, it is pr¢gsumed
the spdcified driver supply is the supply/for the driver logic; therefore, the port is corrupted when thq driver
supplylis in a simstate other than NORMAL. For a port with the attribute UPF_driver_supply, whien that
port hgs a single source and the driving logic is present within the logic design starting at the design [root, it
shall be an error if the supply~of the driving logic is not the same as, or equivalent to, the specified driver

supply]

When the UPF_réceiver_supply attribute is defined for a port, it specifies the receiver supply of the logic
receiving the port. If the receiving logic is not within the logic design starting at the design roqt, it is
presunjed the specified receiver supply is the supply for the receiving logic. For a port with the aftribute
UPF_xeceiver_supply, when that port has a single sink and the receiving logic is present within the logic

desi Hochall L 9 +£ ] £ 11 PETSPTY 1 teaa—nat tha oo Aol 1 At th
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specified receiver supply.

If UPF _driver_supply is not defined for a primary input port or UPF_receiver_supply is not defined for a
primary output port, the default driver supply or receiver supply, respectively, is an anonymous supply set
that is not equivalent to any other supply set.

-pg_type defines the UPF_pg_type attribute on a supply port for use with automatic connection semantics.
pg type value is a string denoting the supply port type.

NOTE—UPF_pg_type only applies to supply ports and is the only predefined attribute that applies to supply ports. All
other attributes apply to logic ports.

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



https://iecnorm.com/api/?name=279146a979eafb6dff243ad9e1538f49

IEC 61523-4
IEEE Std 1801-2013 120

If any of -related_power_port, -related_ground_port, or -related_bias_ports is specified, an implicit
supply set is created consisting of the supply nets connected to the specified ports. If -related_power_port
supply port name and -related_ground_port supply port name are specified, the specified
supply _port_names shall be used as the power and ground functions, respectively, of the implicit supply set.
If -related _bias ports supply port name list is specified, each port in the supply port list shall
have a pg type of nwell, pwell, deepnwell, or deeppwell, and each port shall be used as the
appropriate bias function of the implicit supply set, as indicated by the value of the associated attribute.

If the port being attributed is in mode, the related ports specify the UPF_receiver_supply attribute of the
port being attributed, as if the implicitly created supply set were specified as the -receiver_supply
argument. If the port being attributed is out mode, the related ports specify the UPF_driver_supply
attribupe—ot—the puﬁ bciug attlibutcd, as——the ilu})nuiﬂy created buppi_y sct—were ayc\,iﬁcd as the
-drivel_supply argument. If the port being attributed is inout mode, the related ports specify’bpth the
UPF _xeceiver_supply and the UPF _driver_supply attributes of the port being attributedy as|if the
implicltly created supply set were specified as both the -receiver_supply and the, -driver_pupply
arguments.

By thd previous definition, related supplies always refer to the driver and receiver’ supplies of the logic
inside p module.

-feedthrough defines the UPF_feedthrough attribute, which identifies a\set of ports on the interfage of a
modul¢ or cell that are directly connected to each other inside the module or cell and therefore cfeate a
feedthfough through the module or cell.

-unconnected defines the UPF_unconnected attribute, which identifies a set of ports on the interface of a
modul¢ or cell that are not connected to either a sourcé‘or sink within the module or cell and are not
connedted to any other port on the interface of the modulgor cell.

The following also apply:
— | It shall be an error if -model is specified and -elements is also specified.

— |1t shall be an error if -related_power_ports, -related_ground_ports, or -related_bias_pports is
specified, but -model is not specified.

— |1t shall be an error if -related ground_port is specified, but -related_power_port is not sp¢cified,
or if -related_power_port is specified, but -related_ground_port is not specified.

— |It shall be an erporvif -related_bias_port is specified, but either -related_power_port or
-related_ground port is not specified.

— | It shall be an«errort if a supply port is included in -ports and that port has no pg_type attribute
— | It shall be-afi error if UPF_pg_type is specified for a port that is not a supply port.

— | It shali:be an error if no argument is used.

Exampyles.

set port attributes -ports {my Logic Port} -clamp value 1
OR
set port attributes -ports {my Logic Port} -attribute {UPF clamp value "1"}

set port attributes -ports {my Logic Port}
-attribute {UPF_related power port "my VDD"}

set port attributes -ports {my Logic Port}
-attribute {UPF related ground port "my VSS"}

set port attributes -ports {my Logic Port}

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



https://iecnorm.com/api/?name=279146a979eafb6dff243ad9e1538f49

IEC 61523-4

121 IEEE Std 1801-2013

-attribute {UPF related bias ports "my VNWELL my VPWELL "}

The following examples illustrate the use of set_port_attributes to specify user-defined attributes of ports,
such as attribute values that might be required by tools or verification flows:

set port attributes -ports {a b c} -attribute {function {power nwell}}

set port attributes -ports {a} -attribute {voltage range {0.0 1.2}}

set port attributes -ports {a -attribute {tester control data}

6.47 set_power_switch [deprecated]

This isla deprecated command; see also 6.1 and Annex D.
6.48 set_repeater
Purpose | Specify a repeater (buffer) strategy

set_repeater strategy name

-domain domain_name

[-elements element list]

[-exclude_elements exclude list

[-source <source domain_name | source_supply ref>]

Syhtax [-sink <sink_domain_name | sink_supply ref>]

[-use_equivalence [<TRUE | FALSE>]]

[-applies_to <inputs | outputs | both>]

[-repeater_supply set supply set ref]

[-name_prefix string] [-name_suffix string}

[-instance {{instance name port name}¥}]

[-update]

strategy name Thewname of the repeater strategy.

-domain domain_name-<The domain for which this strategy is defined.

-elements element list A list of instances or ports to which the strategy potentially applies.

-exclude_elements A list of instances or ports to which the strategy does not apply.

exclude_list

-soufce The rooted name of a supply set or power domain. When a domain

<§owrce_domain_name  name is used, it represents the primary supply of the specified domair].

{source_supply ref>

Arg11ments -sink The rooted name of a supply set or power domain. When a domain
Dilll’t_dul’tul.ll_’[ulllC i 1Iartic ib uocd, it lcplcbclltb t‘llC l}lilllal_y buppl_y Uf t‘llC bycuiﬁcd dUlllaiL .
sink_supply ref>

-use_equivalence Indicates whether to consider supply set equivalence.

[<TRUE | FALSE>] If -use_equivalence is not specified at all, the default is
-use_equivalence TRUE; if -use_equivalence is specified without a
value, the default value is TRUE.

-applies_to <inputs | A filter that restricts the strategy to apply only to ports of a given

outputs | both> direction.

-repeater_supply_set  The supply set that powers the inserted buffer.

supply set ref]
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Arguments

-name_prefix string] The name format (prefix and suffix) for inserted buffer cell instances
[-name_suffix string] or nets related to implementation of the strategy.

{{instance_name logic port that it buffers.
port_name}*}

-instance The name of a technology library leaf-cell instance and the name of the | R

-update Indicates that this command provides additional information for a pre
vious command with the same strategy name and domain_name and
executed in the same scope.

-| R

va

Return Return an empty string if successful or raise a TCL_ERROR if not.

Jue
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ate_exclude_list (see 5.10).

buments -source, -sink, and~=applies_to serve as filters that further restrict the set of ports to v}
Ket_repeater command applies. The command only applies to those ports that satisfy all
ed filters.

e is satisfied by“any port that is driven by logic powered by a supply set that matchg
quivalence) thesspecified supply set, ignoring any isolation or level-shifting cells that have
ferred or/instantiated from an isolation or level-shifting strategy.

s sdtisfied by any port that is received by logic powered by a supply set that matchg
quivalence) the specified supply set, ignoring any isolation or level-shifting cells that have
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been inferred or instantiated from an isolation or level-shifting strategy.

NOTE 1—A port that does not have a driver will never satisfy the -source filter. A port that does not have a receiver will
never satisfy the -sink filter.

-use_equivalence specifies whether supply set equivalence is to be considered in determining when two
supply sets match. If -use_equivalence is specified with the value False, the -source and -sink filters shall
match only the named supply set. Otherwise, the —source and —sink filters shall match the named supply set

or any

supply set that is equivalent to the named supply set.

-applies_to is satisfied by any port that has the specified mode. For upper boundary ports, this filter is
satisfied when the direction of the port matches. For lower boundary ports, this filter is satisfied when the
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inverse of the direction of the port matches. For example, a lower boundary port with a direction OUT would
satisfy the ~applies to IN filter, because an output from a lower boundary port is an input to this
domain. -applies_to is always relative to the specified domain.

The effective_element list (see 5.10) for this command consists of all the port names in the
aggregate_element list that are not also in the aggregate exclude list and that satisfy all of the filters
specified in the command. If a port in the effective element list is not on the interface of the specified
domain, it shall not be buffered.

If a given port name is referenced in the effective _element list of more than one repeater strategy of a given
domain, the precedence rules (see 5.8) determine which of those strategies actually apply to that port name.
If the grecedence rules 1dentify multiple strategies that apply to the same port name, then the port nanje shall
be the [name of an input port to the domain, and each of those strategies shall each have a —sink filfer that
matchgs the receiving supply of a different sink domain for the specified input port. It shall beyan’errdr if the
precedence rules identify multiple strategies that apply to the same port name and that portus-an outgut port
of the flomain, or more than one strategy applies to the same sink domain for that port.

-repe:ter_supply_set is implicitly connected to the primary or backup supply;ports of the buffer [cell. If
-repeafer_supply_set is not specified, then if the primary supply set of the domain containing the dfiver of
the refjeater is available in the power domain where the repeater will be located, that supply is used as the
defaul{ supply. It shall be an error if repeater_supply_set is not specified and the default supply| is not
availajle in the domain.

-name| prefix specifies the substring to place at the beginning{of any generated name implementipg this
strategly.

-name| suffix specifies the substring to place at the end of any generated name implementing this strategy.

-instanjce specifies that the repeater functionality“exists in the HDL design and instance_name dendtes the
instande providing part or all of this functienality. An instance name is a simple name or a hierarchical
name footed in the current scope. If an empty string appears as an instance_name, this indicates that an
instande was created and then optimizéd away. Such an instance should not be reinferred or reimplemented
by subpequent tool runs.

—updale adds information to\the base command executed in the same scope. When specified with -ypdate,
-elemgnts and -exclude(elements are additive: the set of instances or ports in the aggregate elemepts list
is the ynion of all —elements specifications given in the base command and any update of this command, and
the aggregate exclude list is the union of all —exclude_elements specifications given in the base cofnmand
and anly update of this command.

The following also apply:

— This command never applies to inout ports.

— The simstate semantics of the repeater supply set apply to the output of a repeater.

NOTE 2—To specify a repeater strategy for a port P on the lower boundary of a power domain D (see 4.3.1), a
set_repeater command can specify ~domain D and specify the port name I /P, where I is the hierarchical name of an
instance that is instantiated in domain D but is not in the extent of domain D, and P is the simple name of the port of that
instance. The combination of the —domain specification and the hierarchical port name makes it clear this reference is to
the HighConn of the specified port, which is part of the lower boundary of the domain D.

NOTE 3—Insertion of a repeater may change the driver supply and receiver supply of ports that are sinks or sources,
respectively, of the inserted repeater. Such changes may affect the interpretation of -source or -sink filters of
set_isolation (see 6.41) or set_level_shifter (see 6.43) strategies that apply to those ports. These changes may also affect
the default for the input supply set or the output supply set of set_level_shifter strategies that apply to those ports.
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NOTE 4—The exclude_list in -exclude_elements can specify instances or ports that have not already been explicitly or
implicitly specified via an explicit or implied element _list.

Syntax example:

set repeater feedthrough bufferl
-domain PD3 -applies to outputs

6.49 set_retention

Purpose | Specify a retention strategy

set_retention retention_name
-domain domain_name
[-elements element list] [-exclude elements exclude_list]
[-retention_supply_set ret supply set] [-no_retention]
[-save_signal {logic net <high | low | posedge | negedge>}
-restore_signal {{ogic_net <high | low | posedge | negedge>}]
-save_condition {boolean expression}]
-restore_condition {boolean_expression}]
-retention_condition {boolean expression}]
-use_retention_as_primary]
-parameters {<RET_SUP_COR | NO_RET_SUP_CORY}
SAV_RES_COR | NO_SAV_RES_COR> *}]
[-transitive [<TRUE | FALSE>]]
[-instance {{instance name [signal_name]}*}]
[-
[-

[
Syptax %
[
[

update]
retention_power_net net_name] [-retention_ground_net net _name]

retention_name Retention strategy name.

-domain domain_name The domainsfor which this strategy is applied.

-elements element list  The -elements option specifies a list of objects: instances, R
retention_list_name of elements lists (see 6.51), named processes, or
sequential reg or signal names to which this strategy is applied.

-exclude_elements The -exclude_elements option specifies a list of objects: instances, R
exclude list named processes, or sequential reg or signal names that are not
included in this strategy.

-no_retention Prevents the inference of retention cells on the specified elements R

Arguments regardless of any other specifications.

sretention_supply set This option specifies the supply set used to power the logic inferred by | R
ret_supply set the retention_name strategy.

-save_signal {logic net The -save signal and -restore_signal options specify a rooted name | | R
<high | low | posedge | of a logic net or port and its active level or edge.
negedge>}

-restore_signal

{logic_net <high | low |

posedge | negedge>}

-save_condition The -save_condition option specifies a Boolean expression (see 5.4). | R
{boolean_expression} The default is True if the -save_signal/-restore_signals are specified,
else the -save_condition is a don't care.
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-restore_condition The -restore_condition option specifies a Boolean expression. The R
{boolean_expression} default is True if the -save_signal/-restore_signals are specified, else
the -restore_condition is a don’t care.

-retention_condition The -retention_condition option specifies a Boolean expression. The | R
{boolean_expression} default is True if the -save_signal/-restore_signals are specified, else
the default value of -retention_condition is False.

-use_retention_as_pri  The -use_retention_as_primary option specifies that the storage R
mary element and its output are powered by the retention supply.

-parameters The -parameters option provides control over retention register R
{<RET SUP COR| corruption semantics

Argyments| NO RET SUP_COR |
SAV_RES_COR | NO_
SAV_RES_COR> *}

-transitive [<TRUE | If -transitive is not specified at all, the default is -transitivé TRUE.

FALSE>] If -transitive is specified without a value, the defaultwalue is TRUE
-instance The name of a technology library leaf-cell instance and the optional R
{{instance_name name of the signal that it retains. If this instance has any unconnected
[signal name]}*} supply ports or save and restore control portsy then these ports need td

have identifying attributes in the cell model, and the ports shall be
connected in accordance with this set.retention command.

-update Use -update if the retention_fiame has already been defined. R

-retention_power_net  This option defines the supply net used as the power for the retention| | R
net_name logic inferred by this strategy.

This is a legacy option; see also 6.1 and Annex D.
Legacy
arguments

-retention_ground_net This option defines the supply net used as the ground for the retentior} | R
net_name logic inferred by this strategy.
This is a-legacy option; see also 6.1 and Annex D.

Return | Return an empty string if successful or raise a TCL_ERROR if not.
value

The sef_retention command:specifies a set of objects in the domain that need to be retention registgrs and
identifjes the save and restore behavior. If an instance is specified, all registers within the instance gcquire
the spgcified retention strategy. If a process is specified, all registers inferred by the process acqyire the
specifipd retention sfrategy. If a req, signal, or variable is specified and that object is a sequential element,
the implied registettacquires the specified retention strategy. Any specified reg, signal, or variable that does
not infpr a sequential element shall not be changed by this command.

If -elements is specified, only elements in the element list that are also a part of the domain_napne are
included. Any element names outside the extent ol domain_name are excluded. when -elements is not
specified, this is equivalent to using the elements list that defines the power domain. When used with
-update, -elements is additive such that the set of elements or signals is the union of all calls of this
command for a given strategy specifying any of these parameters.

-exclude_elements can also be used to define a list of storage elements that are not included in this strategy.
When used with -update, -exclude_elements is additive such that the set of elements or signals excluded is
the union of all calls of this command for a given strategy.
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-retention_supply_set powers the register holding the retained value. After the strategy has been
completely applied, it shall be an error if the retention supply set is not defined for a strategy and the domain
does not have a default ret_supply set.

For a balloon-style retention register (see 4.3.4), the retained value is transferred to the register on the restore
event when -restore_condition evaluates to True. The restore event is the rising or falling edge of an edge-
triggered restore event or the trailing edge of a level-sensitive restore event. A level-sensitive restore event
has priority over any other register operation.

-restore_condition gates the restore event, defining the restore behavior of the register. If the -save_signal/
restore_signals are not specified, the -restore_condition becomes a don’t care. The register is restored
when the restore event occurs and the -restore_condition is True.

For a Balloon-style retention register, the retained value shall be the register’s value at the time of tle save
event Wwhen -save_condition evaluates to True. The save event is the rising or falling edge of ar] edge-
triggerpd save event or the trailing edge of a level-sensitive save event.

-save_rondition gates the save event, defining the save behavior of the register. If the -save kignal/
restore_signals are not specified, the -save_condition becomes a don’t care. (The register contents ar¢ saved
when the save event occurs and the -save_condition is True.

-retention_condition defines the retention behavior of the retentiori€lement while the primary supply is not
NORMAL. If the retention condition evaluates to FALSE andythe primary supply is not NORMAL, the
receiving supply of any pin listed in the -retention_condition.shall be assumed to be the retention supply of
the ret¢ntion strategy.

-save_fondition, -restore_condition, and -retention. condition shall only reference logic nets of ports
rooted|in the current scope. The -save signal/-restore signal/-save condition/-restore_conditiorn] apply
only {o balloon-style retention registers. .Kor master-/slave-alive implementations (see 4.3.4), the
-save_bignal/-restore_signal should not b®) specified. The retention behavior of this style is specified
through the -retention_condition. It shall be an error if -save_signal/-restore_signal is not specified and
the -retention_condition is also not-specified.

-use_rptention_as_primary_powers the storage element and the output drivers of the register us{ng the
retentipn supply. The result of this is the simstate for the retention supply set is applied to the register’s
output| Inferred state elements shall be consistent with the -use_retention_as_primary constraint.

NOTE |1—UPF only2_supports the output pins’ driving supply being different from the primary supply (with
-use_rdtention_supply_as_primary); the input pins’ receiving supply can only be assumed to be the primary sypply of
the donpain.

NOTE ZAThe -use_retention_as prlmary changes the drlver supply of ports that are sinks of the inserted r btention
i e epeate et _idolation

(see 6. 41) or set level shlfter (see 6 43) strategres that apply to those ports

The -parameters option provides control over retention register corruption semantics. For a retention
strategy, it is an error to specify:

— both RET_SUP_COR and NO_RET_SUP_COR; or
— both SAV_RES_COR and NO_SAV_RES_COR.

RET_SUP_COR activates and NO_RET_SUP_COR deactivates corruption of the normal mode register
when retention supplies are CORRUPT. When neither value is specified for a retention strategy,
RET_SUP_COR is the default value.
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SAV_RES _COR activates and NO_SAV_RES COR deactivates corruption of the normal mode register
during concurrent assertion of level-sensitive save, save_condition, restore, and restore_condition. When
neither value is specified for a retention strategy, SAV_RES COR is the default value.

-instance specifies that the retention functionality exists in the HDL design and instance name denotes the
instance providing part or all of this functionality. An instance name is a hierarchical name rooted in the
current scope. If an empty string appears in an instance_name, this indicates that an instance was created and
then optimized away. Such an instance should not be reinferred or reimplemented by subsequent tool runs.

—update adds information to the base command executed in the same scope of the power domain for which
the inferred cells are defined.

The el¢ments requiring retention can be attributed in HDL as shown in 6.51.
For defails on the simulation semantics of this command, please refer to 9.6.
Exampyles

Some ¢xamples of the set_retention command are shown as follows:
a) | Save-restore balloon-type RFF
Has an explicit save and restore pin, which perform save/restore:functions.

set retention my ret \
-save signal {save high} \
-restore signal {restore high} \

b) | Single retention pin balloon-type RFF
1) Has single pin that performs save/restorefunctions.
2) To remain in a retention state, the.rétention pin shall be kept at a certain value.

set retention my ret \
-save_signal {ret posedgel i\
-restore signal {ret negedge} \
-retention condition~{wet} \

¢) | Single retention pin slave-alive type RFF

1) Has a singlegretention control pin, but no save/restore is involved as the slave latch (or $torage
element) is powered by the retention supply.

2) Requires the retention pin to remain at a certain value to be in retention mode.

set retention my ret \
-rétehtion condition {ret} \

NOTE—No save/restore signals/conditions are specified in this case. Here, the retention condition is explicitly
specified, meaning the retention condition has to be true during retention mode.

d) No pin slave alive type RFF with output powered by retention supply

1) Has no control pin and no save/restore is involved as the slave latch (or storage element) is
powered by the retention supply.

2) Requires the clocks/async resets to be related to retention supply and parked at a certain value
during retention mode.

3) The -use_retention_as_primary is specified as the output is expected to be powered by the
retention supply.
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set retention my ret \
-retention condition {!clock && nreset} \

-use_retention as primary \

6.50 set_retention_control [deprecated]

This is a deprecated command; see also 6.1 and Annex D. To model mutex assertions using bind_checker,
see 6.9.

6.51 set_retention_elements

Purfpose | Create a named list of elements to be used in set_retention or map_retention_cellcommands

set_retention_elements retention_list name
-elements element list
[-applies_to <required | not_optional | not_required | optional>]
Syntax [-exclude_elements exclude list]
[-retention_purpose <required | optional>]
[-transitive [<TRUE | FALSE>]]
[-expand [<TRUE | FALSE>]]

retention_list name A simple name; this shallbe unique within the current scope.

-elements element list A list of rooted names: instances, named processes, sequential regs,or
signal names.

-applies_to <required | Filter elem@nts based on the UPF_retention attribute value.
not_optional |
not_required |

i >
Arguments optional
-exclude_elements A list of rooted names: instances, named processes, sequential regs,or
exclude list signal names.
-retention_pgrpose The intended retention use of retention_list name. The default is required.
<required(] optional>
-trapsitive [<TRUE | If -transitive is not specified at all, the default is -transitive TRUE.
FARSE>] If -transitive is specified without a value, the default value is TRUH,.
*expand [<TRUE | When -expand is TRUE (the default), elements are expanded as thopigh
Deprecitéd. | FALSE>] every register that otherwise would be included had been specified dfrectly
arguments in element list

This is a dgprecated option; see also 6.1 and Annex D.

Return | Return an empty string if successful or raise a TCL_ERROR if not.
value

The set_retention_elements command defines a “atomic” list of objects whose state shall be retained or not
retained together by the set_retention and map_retention_cell commands (see 6.49 and 6.33).

If the state of any element in refention element list is retained, the state of every element in
retention_element _list shall be retained.
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-applies_to filters the effective_element list, removing any elements that do not have a UPF_retention
attribute value consistent with the selected filter choice: required, not_optional, not_required, or optional,
as follows:

required matches all elements that have the UPF_retention attribute value required.

optional matches all elements that have the UPF_retention attribute value optional.
not_required matches all elements that do not have the UPF_retention attribute value required.

not_optional matches all elements that do not have the UPF_retention attribute value optional.

When -retention_purpose is required, retention shall only be necessary if elements in the

tt I VR P 13a—tla tosat oL < r1a—tlaatla faa d al +.
relenlipr—erentert—ristarc i meeXeenrora POWLTITUOITTIATT tUrat TIdS TUTaTITC U CUTOTITCITUS T

It shall be an error if an element belonging to retention_element list is not retained when any-¢lement in the
same retention_element_list is retained.

It shall be an error if retention_purpose is required and an element belonging to fetention_element list is
not rethined when any element in the same power domain extent is retained.

Syntax example:

sqt retention elements ret chk list
-elements {proc_ 1 sig a}

6.52 set_scope

Purfpose | Specify the current scope

Syhtax set_scope instance

instance The instance that becomes the current scope upon completion of the

Arguments
command.

Return | Return the currentscope prior to execution of the command as a design-relative hierarchical nanje (see
vdlue 5.3.3.3) if suceessful or raise a TCL_ERROR if it fails (e.g., if the instance does not exist).

The se]t_scope command changes the current scope to the specified scope and returns the name|of the
previopis scope.as a design-relative hierarchical name.

The fG lu \A4 ;115 ulou ulJlJl_y:

— The instance name may be a simple name, a scope-relative hierarchical name, a design-relative
hierarchical name, the symbol /, the symbol ., or the symbol . ..

— If the instance name is /, the current scope is set equal to the current design top instance.
— If the instance name is ., the current scope is unchanged.

— If the instance name is . ., and the current scope is not equal to the current design top instance, the
current scope is changed to the parent scope.

— It is an error if the instance name is .. and the current scope is equal to the current design top
instance.
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Examples
Given the hierarchy
top/
mid/
bot/

if the current design top instance is / top, and the current scope is /top/mid, then

set _scope bot ;# changes current scope to /top/mid/bot (child of current scope)
set _scope ;# leaves current scope unchanged as /top/mid (current scope)

sqt _scope .. ;# changes current scope to /top (parent of current sgepe)
sqt _scope / ;# changes current scope to /top (current design top instande)

If the qurrent design top instance is /top/mid and the current scope is /top/mid, then

sqt _scope bot ;# changes current scope to /top/mid/bot

sqt scope . ;# leaves current scope unchanged as /top/mid
sqt scope .. ;# results in an error

sqt _scope / ;# changes current scope to /top/mid (clurkréent design top instlance)

If the qurrent design top instance is /top and the current scope is~AEop, then
sqt scope mid/bot ;# changes current scopelto /top/mid/bot
sqt scope . ;# leaves current scope unchanged as /top

sqt scope .. ;# results in an error
sqt _scope / ;# changes current scopefbo /top (current design top instande)

6.53 set_simstate_behavior

Purlpose | Specify the simulation simState behavior for a model or library

set_simstate_behavior <ENABLE | DISABLE>
[-lib name]

Syntax [-modelmodel list]

[-elements element list]

[-exclude_elements exclude list]

<ENABLE | DISABLE> Define if the UPF simstate behavior shall be enabled for the specifigd

model(s).
-lib name The library name.
Arguments| -model model list One or more model names.
-elements element list A list of instances.
-exclude_elements A list of instances to exclude from the effective_element list (see 5.10).

exclude list

Return | Return an empty string if successful or raise a TCL_ERROR if not.
value

This command specifies the simstate behavior for models or instances.
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If ENABLE is specified, the simstate simulation semantics are applied for every supply set automatically
connected to an instance of the model. See also 9.4.

a) If'there is a single supply set connected, the simstates for that supply set are applied.

b)  When no supply set is connected, and each port to which a supply net is connected is of a different
pg_type, an anonymous supply set is created containing the supply nets connected to each port, with
each supply net associated with the function appropriate for the pg type of that port, and the default
simstates for that supply set are applied for the model.

¢)  When there are multiple supply sets connected, the simstates of all supply sets are applied.

d) For a hard macro instance in which there are multiple supply pins of the same pg type, an
anonymous supply set is created for each unique combination of supply pins identified as related
SUpp1ies Of @ I0gIC PIlT Of e MACcTo MSTaNce, Willl cact SUpply pill associated witlt tie fiinction
appropriate for the pg type of that pin. The default simstates of each supply set are applied|during
simulation for any logic pin related to that supply set.

e) | For an instance of a hard macro behavioral model, each logic pin of the instance is ¢orrupted dccord-
ing to the applicable simstate of the supply set associated with the logic pin.

If -moflel is not defined and -lib is specified, the simstate behavior is defined for-allbmodels in name.

It shall be an error if
— | -model is specified and any of the model(s) cannot be found.
— | -elements is specified and any of the element(s) cannot be fornd.
— | -exclude_elements is specified and any of the exclude @lenients(s) cannot be found.
— | -exclude_elements is specified and -model, -elements, or -lib is not specified.

— | A given model has its simstate behavior bothcenabled and disabled, by set_simstate behavior
commands, UPF_simstate_behavior attributes, or a combination thereof.

— |effective_element list is empty.

Simstatte behavior of a module can be enabled or disabled in HDL using the following attributes:
Attribute name: UPF_simstate-behavior

Attribute value: <"ENABLEE"'| "DISABLE">

SystemVerilog or Verilog-2005 example:

(* UPF_simsbtate behavior = "ENABLE" *) module my adder;

VHDL example:
attrpibute UPF simstate behavior of my adder : entity 1is
"ENABLE";

Syntax example:

set simstate behavior ENABLE -1ib libraryl -model ANDX7 non power aware

6.54 upf_version

Retrieves the version of UPF being used to interpret UPF commands and documents the UPF version

Purpose . .
P for which subsequent commands are written

Syntax upf_version [string|

Arguments| Sting The UPF version for which subsequent commands are written.
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Return
value

Returns the version of UPF currently being used to interpret UPF commands.

The upf_version command returns a string value representing the UPF version currently being used by the
tool reading the UPF file. When the UPF version defined by this standard is being used, the returned value
shall be the string “2.1”. upf_version may also include an argument that documents the UPF version for
which the UPF commands that follow were written. For UPF commands intended to be interpreted

according to the UPF version defined by this standard, the argument shall be the string “2.1".

This stands

for the

string hrgument. This standard also does not define how a tool uses the specified UPF version argient; in
particylar, this standard does not define the meaning of a description consisting of UPF commands intended
to be ipterpreted according to different UPF versions.

Syntax example:

ugf version 2.1

6.55 use_interface_cell

Purlpose | Specify the functional model and a list of implerhentation targets for isolation and level-shifting
use_interface cell interface_implementation name
-strategy list_of isolation level shifter strategies
-domain domain_name
-lib_cells lib_cell list
[-port_map {{port net ref}*}]
Syntax [-elements element list]
[-exclude_elements.exclude list]
[-applies_to_clanmip <0 | 1| any | Z | latch | value>]
[-update_any <0 | 1 | known | Z | latch | value>]
[-force_funetion]
[-inverted supply_set list]
interface The interface cell implementation strategy.
implémentation_name
-Strategy The isolation or level-shifter strategy, or a pair of isolation and level-hifter
list_of isolation_level strategies, as defined by set_isolation and set_level_shifter.
shifter _strategies
-domain domain_name  The domain in which the strategies are defined.
Arguments| -lib_cells /ib_cell list A list of library cell names.
-port_map {{port The port and the net (net_ref) connections.
net_ref}*}
-elements element list A list of ports from the list_of isolation level shifter strategies to which
the command applies.
-exclude_elements A list of ports from the list_of isolation_level shifter strategies to which
exclude_list this command does not apply.
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-applies_to_clamp <0 |  Only ports that have the specified clamp value are mapped.
1|any | Z | latch |
value>

-update_any <0 |1 | What is now the clamp value when -applies_to_clamp is any.
known | Z | latch |
Arguments | value>

-force_function The first model in /ib_cell list is used as the functional specification of
isolation behavior.

-inverter_supply_set The supply set implicitly connected to any inversion logic required by an
list isolation Qigna] connection

Refurn | Return an empty string if successful or raise a TCL_ERROR if not.
vdlue

The uge_interface_cell command provides user control for the integration of isolation-and level-shifting.
The cdmmand specifies the implementation choices through -lib_cells and the functional isolation b¢havior
to be ulsed if -force_function is specified.

Each |[cell specified in -lib_cells shall be defined by a define”isolation _cell (see 7|4) or
define| level_shifter_cell (see 7.5) command or defined in the Liberty fil¢ with required attributes.

NOTE-+-Unlike map_isolation_cell and map_level_shifter_cell, use_interface_cell can be used to manually rhap any
of isoldtion, level-shifting, or combined isolation level-shifting cells«/It may apply to an isolation strategy, b level-
shifting strategy, or one of each.

When Horce_function is specified the first model in /ibCcell list shall be used as the functional modgl. The
isolatign sense specification for the isolation strategy is ignored when -force_function is specified. It is
erronegpus if the functional model clamps to a valu¢*that is different to the previously specified port clamp
value.

-elemdnts selects the ports from the specified list of strategies to which the mapping command is apglied. If
-elemdnts is not specified, all ports infenred from the list of strategies shall have the mapping applied| When
-appli¢s_to_clamp is specified, this command is applied only to the ports with that clamp value.

When fapplies_to_clamp is<any, -update_any shall be used to specify the clamp value after mapping. An
-update_any value of known specifies that the isolation function is more complex than can be specified by
a singlp value.

-port_map conmnects the specified net_refto a port of the model. A net_ref may be one of the following:

a) | A leggie net name

b) | A%upply net name

¢) One of the following symbolic references
1) isolation_supply_set.function name

function_name refers to the supply net corresponding to the function it provides to the
isolation_supply_set.

2) isolation_supply_set[index].function_name

i)  index is a non-negative integer corresponding to the position in the isolation_supply_set
list specified for the isolation strategy.

ii) The isolation_supply_set index shall be specified if the isolation strategy specified more
than one isolation_supply_set.
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The -pprt_map option shall not reference the data input port or the data output port. The input port s

conneq
interfa

It shall

3)

4)

isolation_signal
i)  Refers to the isolation signal specified in the corresponding isolation strategy.

i) To invert the sense of the isolation signal the Verilog bit-wise negation operator ~ can be
specified before the isolation_signal. The logic inferred by the negation shall be implicitly
connected to the inverter_supply_set if specified, otherwise the isolation_supply_set
shall be used.

isolation_signal[index)

i) index is a non-negative integer corresponding to the position in the isolation_signal list
specified for the isolation strategy.

ii) The isolation_signal index shall be specified if the isolation strategy specified more than

one isolation_signal.

iii) To invert the sense of the isolation signal the Verilog bit-wise negation operator ~|can be
specified before the isolation_signal. If the isolation_signal is being inverted then the
inverter_supply_set[index] if specified shall be implicitly connected*to the ipferred

inverter, otherwise the isolation_supply_set[index] shall be used.
5) input_supply_set.function _name

function_name refers to the supply net corresponding to the function it provides|
level-shifter input_supply_set.

6) output_supply_set.function_name

function _name refers to the supply net corresponiding to the function it provides
level-shifter output_supply_set.

7) internal_supply_set.function _name

function_name refers to the supply net eorresponding to the function it provides
level-shifter internal_supply_set.

ted to the data input for the interface -cell and the output port connected to the data output
ce cell.

be an error if

domain_name does not indicate a previously created power domain.
A port in the port_listis'not covered by a set_isolation command.
list_of isolation \leyel shifter strategies is an empty list.

-force_function'is not specified and none of the specified models in /ib_cell list impleme
functionality specified by the corresponding isolation strategy and port attributes.

-update=any is specified and -applies_to_clamp is not any.

Adter-completing the port and net ref connections and the data input and output connectio

to the

to the

to the

hall be
for the

nts the

s, any

Syntax

pnrf 1s unconnected

Ports specified by -elements are not included in all specified strategies.
More than one isolation strategy is specified.

More than one level-shifter strategy is specified.

example:

use interface cell my interface -strategy {ISOl LS1l} -domain PDI1\
-elements {top/moduleA/portl top/moduleA/port2 top/moduleA/port3}
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7. Power management cell commands

7.1 Introduction

This clause documents the syntax for each UPF power management cell command. A power management
cell is one of the following:

“Always-on” cell
— Diode clamp
— Isolation cell

—  Level-shifter cell

— | Power-switch cell

— | Retention cell

Power[management cell commands define characteristics of the instances of power management cells used
to impllement and verify the power intent for a given design. These commands do_not alter the existing
library|cell definitions and only have semantics when they are used with design power intent commanids (see
Clause) 6).

Simila} to how libraries are processed in a design flow, UPF power management cell commands neefd to be
procesped before any other power intent commands and after the relevdnt cell libraries have been loagled.

It is anf error if conflicting information is specified in multiple e¢dnmimands (of any type).

To undlerstand the relationship between each UPF powerimanagement cell command and its librgry cell
definitjon in Liberty format, see Annex H.
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7.2 define_always_on_cell

136

Purpose | ldentify always-on cells
define_always_on_cell
-cells cell list
Syntax -power pin
-ground pin
[-power_switchable pin] [-ground_switchable pin]
[-isolated_pins list_of pin_lists [-enable expression_list]]
-cells cell list Identifies the specified cells as always-on cells.
-power pin Identifies the power pin of the cell.
If this option is specified with the -power_switchable option, it ind{cates
this is a non-switchable power pin.
-ground pin Identifies the ground pin of the cell.
If this option is specified with the -ground_switc¢hable option, it indlicates
this is a non-switchable ground pin.
-power_switchable pin  Specifies the power pin to be connected-via a rail connection to the
switchable power supply.
A t . . . . .
rgpments -ground_switchable pin  Specifies the ground pin to be gonnected via a rail connection to the]
switchable ground supply.
-isolated_pins Specifies a list of pin lists. Each pin list groups pins that are isolated
list_of pin_lists internally with the samé-isolation control signal.
These pin lists can-only contain input pins.
-enable expression_list ~ Specifies a list of simple expressions. Each simple expression descripes the
isolation eontrol condition for the corresponding isolated pin list in the
-isolated\pins option. If the internal isolation does not require a coijtrol
signal, use an empty string for that pin list.
Thesnumber of elements in this list shall correspond to the number df lists
specified for the -isolated_pins option.
Réturn | Return an empty string-if successful or raise a TCL_ERROR if not.
vplue
The dgfine_always_on. cell library command identifies the library cells having more than one set off power
and grpund pins that.can remain functional even when the supply to the switchable power or ground pin is
switchgd off.
NOTE+-Although a cell is called always-on does not mean the cell can never be powered off. When the supply|to non-
switchablépower or ground of such cell is switched off, the cell becomes non-functional. In other words, the term

always on Ql‘h1QI]} means relative nlum} S-On

By default, all input and output pins of this cell are related to the non-switchable power and ground pins.

Examples

The following example defines cell aon _cell as an always-on cell. The cell had three isolated pins:
pinl,pin2,and pin3. Pins pinl and pin2 have the same isolation control signal isol, but pin3 has no
isolation control signal.

define always on cell -cells aon cell

-isolated pins { {pinl pin2}

{pin3}} -enable {!isol ""}
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The following example defines cell AND2 AON as an always-on cell. The cell has two power pins and

performs the AND function (as defined in the library) as long as the supply connected to power pin VDD is
not switched off.

define always on cell -cells AND2 AON -power switchable VDDSW
-power VDD -ground VSS

7.3 define_diode_clamp

14 $afidead 1l 1l M bS PD BRS | 4 $t
Pufposc | Teehitty-arote-eensot-eens-ps-witnratoae-protectrot

define_diode_clamp
-cells cell list
Syntax -data_pins pin_list
[-type <power | ground | both>]
[-power pin] [-ground pin]

-cells cell list Identifies cells as diode clamp cells or pins, ofithe specified cells as dliode
clamp pins.
-data_pins pin_list Specifies a list of cell input pins thatthave built-in clamp diodes.

-type <power | ground | Specifies the type of clamp diode associated with the data pins.
both> The type determines whethér to use the power pin, ground pin, or b¢th.
Arghments Possible values are as follows:

both indicates a power and ground clamp diode
ground indicates a'ground clamp diode

power indicdfes a power clamp diode (the default)

-power pin Specifies the'cell pin that connects to the power net.

-ground pin Specifies the cell pin that connects to the ground net.

Réturn | Return an empty string if Successful or raise a TCL_ERROR if not.
vplue

The ddfine_diode_clamp-library command identifies a list of library cells that are power cells, grounf cells,
or powfer and ground diode clamp cells, or complex cells that have input pins with built-in clamp diogles.

When ftype is ground, then -power is optional. When -type is power, then -ground is optional. Wheh -type
is botH, then-both -power and -ground need to be specified as well.

It shall*be-amrerrorif etther=power mor=ground-isspecified:

NOTE—The define_diode_clamp command is typically used for pins that have antenna protection diodes. Hence, this
command may apply to regular non-power managed cells.

Examples

The following command defines a cell cel1A with diode protection at the pin inl where the diode is
connected to the power pin VDD1 of the cell.

define diode clamp -cells cellA -data pins inl -type power -power VDDI
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7.4 define_isolation_cell
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Purpose | Identify isolation cells
define_isolation_cell
-cells cell list
[-power power pin]
[-ground power pin]
{-enable pin [-clamp_cell <high | low>]
Syntax | -pin_groups {{input_pin output _pin [enable pin]}*}
| -no_enable <high | low | hold>}
[-always_on_pins pin_list]
[-aux_cmables ordered pin_1is7]
[-power_switchable power pin] [-ground_switchable ground pin|
[-valid_location <source | sink | on | off | any>]
[-non_dedicated]
-cells cell list Identifies the specified cells as isolation cells.
-power power_pin Identifies the power pin of the cell.
If this option is specified with the -power_switchable option for a thulti-
rail isolation cell, it indicates this is a non-switchable power pin.
-ground power_pin Identifies the ground pin of the cell.
If this option is specified with the ~ground_switchable option for ajmulti-
rail isolation cell, it indicates-this is a non-switchable ground pin.
-enable pin Identifies the specified.cell'pin as the isolation enable pin.
For non-clamp type dsolation cells, the enable pin polarity is determined by
the cell function defined in the library files.
For the special-clamp type cell identified by the —clamp_cell option{ the
enable polarity s active high if the clamp output is low and the enaljle
polarity is active low if the clamp output is high.
For a mulfi-rail isolation cell, the enable pin is related to the non-swifchable
power and ground pins of the cells.
-clamp_cell <high | Indicates the specified cells are isolation clamp cells. Such a cell, which
low> consists of a single PMOS or NMOS transistor, does not perform anly logic
A function and is only used to clamp a net to high or low when the enaple pin
rghments . .
is activated.
-pin_groups{{input pin Specifies a list of input-output paths for multi-bit isolation cells. Ea¢h
output_pin group in the list specifies one cell input pin, one cell output pin, and| one
[enable pin]}*} optional enable pin that applies to the specified path.
An enable pin may appear in more than one group.
It is an error if the same input or output pin appears in more than ong group.
-no_enable <high |low| Specifies the following:
hold> The isolation cell does not have an enable pin.
Theomputof the cettwhen the suppty forthe switchabiec powertor ground)
pin is powered down. Possible values are as follows:
high indicates the cell output is logic value 1
low indicates the cell output is logic value 0
hold indicates the cell output is the same as the logic value before the
supply for the switchable power or ground is powered down
-always_on_pins Specifies a list of cell pins related to the nonswitchable power and non-
pin_list switchable ground pins of the cell.
-aux_enables Specifies additional or auxiliary enable pins for the isolation cell.
ordered_pin_list
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-power_switchable Identifies the switchable power pin of a multi-rail isolation cell.
power_pin
-ground_switchable Identifies the switchable ground pin of a multi-rail isolation cell.
ground_pin

Arguments

-valid_location <source Specifies the valid location of the isolation cell. The default value is sink.
| sink | on | off | any>

-non_dedicated Allows the specified cells to be used as normal cells, not for power
management purposes.

R — Return an empty ering if successful orraise a TCL ERROR ifnot
El

value

The d¢fine_isolation_cell library command identifies the library cells that can be used for'isolati¢n in a
design|with power gating.

By default, the output pin of a multi-rail isolation cell is related to the non-switchable power and ground
pins. Tlhe non-enable input pin is related to the switchable power and ground pins.”A multi-rail isolation cell
is a cell with two power or ground pins.

If -clamp_cell is specified with value high, the only supply pifi that can be specified is -poyer. If
-clamp_cell is specified with low, the only supply pin that cdn)be specified is -ground. For all other
isolatign cells, both -power and -ground shall be specified.

The -ajux_enables option specifies additional or auxiliary enable pins for the isolation cell. By defdult, all
pins sylecified in this option are related to the switchable power or ground pin. The list is an ordered list and
each element can be accessed by using index starting at 1, where the isolation enable pin specified in the
-enabl option is assumed to be index 0.

If an apxiliary enable pin is related to the nmon-switchable power or ground, that pin shall also be specified
using the -always_on_pins option. The logic that drives this pin shall be on when the isolation enable is
asserted at pin specified by the -enable option.

The -vplid_location optionspecifies the valid location of the isolation cell, as follows:

a) | source—indicates-the cell shall be inserted in a location where the primary supply set is equivalent
to the driving:supply set for a net requiring isolation. Such cells are typically multi-rail isplation
cells and-used for off-to-on isolation. It typically relies on its switchable power and ground [supply
for its-normal function and on its non-switchable power or ground supply to provide the isplation
funetion. See item d) for off value for special cases.

Ink-—indicate he cell sha be inserted in a location where the primarn ala et is equivalent to

b)

the receiving supply set for a net requiring isolation. Such cells are typically single-rail isolation
cells and used for off-to-on isolation.

c¢) on—indicates the cell can only be inserted in the location where the primary supply set is equivalent
to either the driving supply set or the receiving supply for a net requiring isolation and the primary
supply set is not switched off when the isolation function is needed. When used for off-to-on
isolation, it is equivalent to sink. Such cells are typically single-rail isolation cells.

d) off—indicates the cell can be inserted in a location where the primary supply set is equivalent to
either the driving supply set or the receiving supply for a net requiring isolation and the primary
supply set may be switched off when the isolation function is needed. When used for off-to-on
isolation, it is equivalent to source. Such cells are typically multi-rail isolation cells.
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Examp

NOTE—Some single-rail isolation cells with special circuit structure can also be used in the switched-off
domain. For example, a single-rail NOR gate can be placed in a power-switched-off domain for off-to-on
isolation with an output value 1ow; a single-rail NAND gate can be placed in the ground switched-off domain for

off-to-on isolation with an output value high.

any—indicates the cell can be placed in any location. Such cells are typically multi-rail isolation
cells. In addition, this cell is designed in a way that neither its normal function nor its isolation func-

tion relies on the primary supply of the domain it locates.Therefore, this type of cell can be u
off-to-on or on-to-off isolation.

les
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hutoff.

The fo
VDD i§
This c4

dd

The fo
two paj

dd

dd

For ce
data
data

Forcellmbit iso2, there are also twoisolation paths. However, this special isolation cell has no is

enable

lovanaisoelationcell can-be nlacedin-ans location for-a-desion that uses oround -switches for
o r J t=] o

the rail pin for power connection and GVSS is the ground pin for non-switchable ground cénm
11 does not have a rail pin for ground connection.

fine isolation cell -cells iso celll -power VDD -ground GVSS
-enable iso _en -valid location any

isol } { datain2 dataout2 iso2 } }

-power VDD -ground VSS -valid location sink
fine isolation cell -cells mbit iso2 -pin{greups { { datainl dataoutl
{ datain2 dataout2} }

-power VDD -ground VSS -valid locatiénJusink

Il mbit isol, there are two isolation pathsy The first is from data input datainl to

utl with isol as the isolation enableri*The second is from data input datain2 to
ut2 with iso2 as the isolation enabler:

" to control each path. As a result,there is no isolation enable signal defined in each group.

ection.

lowing examples illustrate the use of the -pin_groups option to specify multi-bit isolation cells with
ths:
fine isolation cell -cells mbit isol -pin groups%{ *{ datainl dataoutl

—_

output
output

plation
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Purpose

Identify level-shifter cells

define_level_shifter_cell

-cells cell list

[-input_voltage range {{lower bound upper bound}*}]
[-output_voltage range {{lower bound upper bound}*}]
[-ground_input_voltage range {{{ower_bound upper bound}*}]
[-ground_output_voltage range {{lower_ bound upper bound}*}]
[-direction <low_to_high | high_to_low | both>]

Syntax [-input_power_pin power pin]
{-output_power_pin power pin]
[-input_ground_pin ground_pin]
[-output_ground_pin ground pin]
[-ground ground_pin] [-power power pin)
[-enable pin | -pin_groups {{input_pin output pin [enable_pin]}*}]
[-valid_location <source | sink | either | any>]
[-bypass_enable expression] [-multi_stage integer]
-cells cell list Identifies the specified cells as level-shifter ¢¢lls.
input_voltage range Identifies a list of voltage ranges for thie/input (source) supply voltage that
{{lower_bound can be handled by this level-shifter.
upper_bound}*} The voltage range shall be specified)as follows:
{lower bound uppeX bound}
This option should only be-specified for power-shifting cells.
-output_voltage_range Identifies a list of voltage ranges for the output (destination) power $upply
{{lower_bound voltage that can be handled by this level-shifter.
upper_bound}*} The voltage rangeshall be specified as follows:
{lower bound upper bound}
This option-should only be specified for power-shifting cells.
-ground_input_voltage Identifies a list of voltage ranges for the input (source) ground supply volt-
_range {{lower_bound  agethat can be handled by this level-shifter.
upper_bound}*} The voltage range shall be specified as follows:
Argpments {lower bound upper bound}
This option should only be specified for ground-shifting cells.
-ground_output Identifies a list of voltage ranges for the output (destination) ground [supply
_voltage rahge voltage that can be handled by this level-shifter.
{{lowen, bound The voltage range shall be specified as follows:
uppersbound}*} {lower bound upper bound}
This option should only be specified for ground-shifting cells.
~direction Specifies whether the level-shifter can be used between a driver with lower
<low_to_high | voltage swing and a receiver with higher voltage swing (low_to_high), or
high_to_low | both> vice versa (high_to_low), or both (both). The voltage swing is simpjly the

difference between the power voltage and ground voltage. The default is

low_to_high.

-input_power_pin
power_pin

Identifies the input power pin.
This option is usually specified for power shifting and used with
-output_power_pin.
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Arg

-output_power_pin
power_pin

Identifies the output power pin.
This option is usually specified for ground shifting and used with
—input_power_pin.

-input_ground_pin
ground_pin

Identifies the input ground pin.
This option is usually specified for ground shifting and used with
—output_ground_pin.

-output_ground_pin
ground_pin

Identifies the output ground pin.
This option is usually specified for ground shifting and used with
—input_ground_pin.

-oround ground pin

Identifies the eround pin of the cell

iments

This option can only be specified for level-shifters that only perform|
shifting. In other words, it is an error to use this option with
—input_ground_pin and —output_ground_pin.

power

-power power_pin

Identifies the power pin of the cell.

This option can only be specified for level-shiftersithat’only perforn
ground shifting. In other words, it is an error to usethis option with
—input_power_pin and —output_power_pin;

-enable pin

Identifies the pin that prevents internalfloating when the power sup
the originating power domain is powereddown, but the output voltag
power pin remains on.

The related power and ground 6f this pin is the output power and gr
pins defined for this cell.

bly of
e level

und

-pin_groups {{input pin
output pin
[enable _pin]}*}

Specifies a list of input~Output paths for multi-bit isolation cells. Ea
group in the list speéifies one cell input pin, one cell output pin, and|
optional enable pirpthat applies to the specified path.

An enable pinsay appear in more than one group.

It is an errorif the same input or output pin appears in more than ong

one

group.

-valid_location <source
| sink | either | any>

Specifies the valid location of the level-shifter cell. The default valy
sink’

e is

-bypass_enable
expression

Specifies when to bypass the voltage shifting functionality.

When the expression evaluates to 7rue, the cell behaves like a buffef.

expression shall be a simple expression of the bypass enable input p)
By default, the related power and ground of this pin is the output poy
ground pin defined for this cell.

The
n.
er and

-multi stage integer

Identifies the stage of a multi-stage level-shifter to which this defini
(command) applies.

For a level-shifter cell with N stages, N definitions shall be specified
same cell. Each definition needs to associate a number from 1 to N {
option. For more information, see Annex 1.

fion

for the
or this

R

bturn—|

value

Return an empty string if successful or raise a TCL,_ERROR if not

The define_level shifter_cell library command identifies the library cells to use as level-shifter cells, as
follows:

If -input_voltage range is specified, the -output_voltage_range shall also be specified.

If -ground_input_range is specified, the -ground_output_range shall also be specified.

It is an error if neither -input_voltage range nor -ground_input_voltage range is specified.
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If a list of voltages ranges is specified for the input supply voltage, a list of voltages ranges for the output
supply voltage with the same number of elements shall also be specified., i.e., each member in the list of
input voltage ranges needs to have a corresponding member in the list of output voltage ranges.

By default, the enable and output pins of this cell are related to the output power and output ground pins
(specified through the -output_power_pin and -output_ground_pin options). And the non-enable input
pin is related to the input power and input ground pins (specified through the -input_power_pin and
-input_ground_pin options).

The -valid_location option specifies the valid location of the level-shifter cell, as follows:

a) source—indicates the cell shall be inserted in a location where the primary supply set is equivalent
to the driving supply set for a net requiring level-shifting.

b) | sink—indicates the cell shall be inserted in a location where the primary supply set is equivalent to
the receiving supply set for a net requiring level-shifting.

c) | either—indicates the cell shall be inserted in a location where the primary supply set'is equivglent to
the driving supply set or the receiving supply set for a net requiring level-shifting

d) | any—indicates the cell can be placed in any location.

1) If the cell contains pins for rail connection, these pins shall mot-be specified throygh the
-input_power_pin, -output_power_pin, -input ground{pin; or -output_groumd_pin
options.

2) A power level-shifter with this setting can be placed’in any location as long as its grimary
ground net is equivalent to the driving and receiving primary ground net of the net reguiring
level-shifting.

3) A ground level-shifter with this setting cande)jplaced in any location as long as its grimary
power net is equivalent to the driving andreceiving primary power net of the net requiring
level-shifting.

4) For a power and ground level-shifter;Which requires two definitions of the command—pne for
the power part and one for the ground part of the cell—the -valid_location can be diffgrent in
the two definitions.

Power part Ground part
any source|sink|either
source|sink|either any
any any

i) "In the first case, the ground-shifting part of the level-shifter definition determipes the
location.

ii) In the second case, the power-shifting part of the level-shifter definition determifpes the
location.

iii) In the third case, the cell can be placed in a domain whose power and ground supplies are
neither driving the logic power and ground supplies nor receiving the logic power and
ground supplies.

Examples

The following example identifies level-shifter cells with one power pin and one ground pin that perform
power shifting from 1.0 V to 0.8 V.
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define level shifter cell

-cells LSHL

-input voltage range {{1.0 1.0}} -output voltage range {{0.8 0.8}}
-direction high to low

-input power pin VH -ground G

The following example identifies level-shifter cells that perform power shifting from 0.8 V to 1.0 V. In this
case, the level-shifter cells need to have two power pins and one ground pin.

define level shifter cell
-cells LSLH
-input voltage range {{0.8 0.8}} -output voltage range {{1.0 1.0}}

-q
-3

The fo!
0.8 V1

dd
—-d
—d
-7
-7

The fo
ground
ground
output

dd
—-d
-7
-9
{
—-d
-7
-7

irection low_to high
nput power pin VL -output power pin VH -ground G

lowing example identifies level-shifter cells with valid location any to perform voltage’shiftin
0 1.0 V. The cells have three power pins and one ground pin.

vDD—This is the standard cell rail; this pin is not used by the cell.
VDDL—This is the power pin to which the input signal is related.
VDDH—This is the power pin to which the output signal is related.
vSS—This is the ground pin of the cell.

fine level shifter cell

ells LSLH

irection low_to high

nput voltage range {{0.8 0.8}} -outputivOltage range {{1.0 1.0}}
nput power pin VDDL -output power piRJVDDH -ground VSS

alid location any

lowing example identifies level-shifter cells that perform both power shifting from 0.8 V to 1.0
shifting from 0.2 V to 0 V. In this gase, the level-shifter cells need to have two power pins a

voltage swing of 1.0 V (1.0 V<20V, the direction of the cell is low to high.

fine level shifteg cell
ells LSLH
nput voltage gaange {{0.8 0.8}} -output voltage range {{1.0 1.0}}

.0}}

irectiom®fow_to_high

nput ;pewér pin VL -output power pin VH
nput ground pin GH -output ground pin GL

round inputqvoltage range {{0.2 0.2}} -ground output voltage range {{(.

g from

V and
nd two

pins. In addition, since the input;voltage swing is 0.6 V (0.8 V — 0.2 V), which is smaller than the

The f

Howingexampte Tdicates the Tevetsshifter camshift from 6-8—Vto -0~V or from -6~V to

However, the cell cannot shift power voltage from 0.8 Vto 1.2 V.

define level shifter cell

-cells LSLH

-input voltage range {{0.8 1.0}} -output voltage range {{1.0 1.2}}
-input power pin VL -output power pin VH -ground pin VSS
-direction low_to high

1.2 V.

The following example indicates the level-shifter can shift from input range 0.8 V to 0.9 V to output range
1.0 Vto 1.1 V, or from input range 0.9 V to 1.0 V to output range 1.1 V to 1.2 V. Note that the cell cannot
shift input voltages between 0.8 V to 0.9 V to output voltages 1.1 Vto 1.2 V.
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define level shifter cell

-cells LSLH -input power pin VL -output power pin VH -ground pin VSS
-input voltage range {{0.8 0.9} {0.9 1.0}}

-output voltage range {{1.0 1.1} {1.1 1.2}}

-direction low_to high

The following examples illustrate the use of the -pin_groups option to specify multi-bit level-shifter cells
with and without enable:

define level shifter cell -cells mbit en 1ls -pin groups { { datainl
el :dafam;‘r'l enl T {datain? P]Q_dﬂ:ﬂﬁ;f’? en T 1

dgfine level shifter cell -cells mbit 1ls -pin groups { { datainl
1s dataoutl } { datain2 1ls dataout2 } }

7.6 define_power_switch_cell

Pujrpose | Identify a power switch or ground-switch cell

define_power_switch_cell
-cells cell list
-type <footer | header>
-stage 1 enable expression [-stage 1 output expression]

Syntax . . .
{-power_switchable power_pin -power power_pin
| -ground_switchable ground pin -ground ground, pin)}
[-stage 2_enable expression [-stage_2_output‘expression]]
[-always_on_pins ordered pin_list] [-gate ‘bias_pin power pin]
-cells cell list Identifies the specified cells as power-switch cells.
-type <footer | header> Specifies.Whether the power-switch cell is a header or footer cell.
-stage_1_enable Spécifies when the switch cell driven by this input pin is turned on
(-stage 2 enable) (enabled) or off.
expression If only stage 1 is specified, the switch is turned on when the expressjion for
the -stage_1_enable option evaluates to True and the switch is turngd off
when the expression for the -stage_1_enable option evaluates to Fdse.
If both stages are specified, the switch is turned on when the expresdion for
both enable options evaluates to True and the switch is turned off when the
expression for both enable options evaluates to False.
The Boolean expression is a simple expression of the input pin.
stage 1 output Specifies whether the output pin in the expression is the buffered or
Arghmentsi-(sstage_2_output) inverted output of the input pin specified through the corresponding
expression -stage_x_enable option.

In a design, this pin is used to connect another switch cell in series to[form a

LY T T
PUWLI=SWILID VlIdIIL.

-power_switchable Identifies the output power pin in the corresponding cell.

power_pin This option can only be used if the power gating cell is used to cut off the
path from power to ground on the power side (i.e., for a header cell). This
pin shall be connected to a switchable power net.

-power power_pin Identifies the input power pin of the cell.
-ground_switchable Identifies the output ground pin in the corresponding cell.
ground_pin This option can only be used if the power gating cell is used to cut off the

path from power to ground on the ground side (i.e., for a footer cell). This
pin shall be connected to a switchable ground net.
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-ground power_pin Identifies the input ground pin of the cell.
-always_on_pins Specifies a list of cell pins related to the input power and ground pins of the

Arguments| ordered pin_list cell.
-gate_bias_pin Identifies a power pin that provides the supply used to drive the gate input
power_pin) of the switch cell.
Return | Return an empty string if successful or raise a TCL_ERROR if not.
value

The in|
pins.

Examp

The fo
is com
value {
transis
invertd

dd

-9

les

lowing example defines a header power switch. The power switch has twostages. The power
bletely on if the transistors of both stages are on. The stage 1 transistor is fusned on by applyin
o input I1. The output of the stage 1 transistor, O1, is a buffered output of input I1. The
or is turned on by applying a high value to input I2. The output'of stage 2 transistor, 02
d value of input I2.

fine power switch cell -cells 2stage switch{-stage 1 enable !Il
tage 1 output Ol -stage 2 enable I2 -stage{2 output !02 -type header

h cells.
pround

switch
b a low
stage 2
is the

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



https://iecnorm.com/api/?name=279146a979eafb6dff243ad9e1538f49

7.7 define_retention_cell

IEC 61523-4
147 IEEE Std 1801-2013

Purpose | ldentify state retention cells
define_retention_cell
-cells cell list
-power power_pin
-ground ground_pin
[-cell_type string]
Syntax [-always_on_pins pin_list]
[-restore_function {{pin <high | low | posedge | negedge}}]
[-save_function {{pin <high | low | posedge | negedge}}]
[-TTSTOTT_CNeCK expression] [-Save_CNeCK expression]
[-retention_check expression] [-hold_check pin_list]
[-always_on_components component_list]
[-power_switchable power pin] [-ground_switchable ground pin]
-cells cell list Identifies the specified cells as state retention cells,
-power power_pin Identifies the power pin of the cell.
If this option is specified with the -power_switchable option, it ind{cates
this is a non-switchable power pin.
-ground ground_pin Identifies the ground pin of the cell.
If this option is specified with the ~ground_switchable option, it indlicates
this is a non-switchable groundpin.
-cell_type string Specifies a user-definedsname grouping the specified cells into a class of
retention cells that all.have the same retention behavior.
This specification limits the group of cells that can be used to those
requested through'the —lib_cell_type option of the map_retention_gell
command (see 6:33).
-always_on_pins Specifies.alist of cell pins that are related to the nonswitchable power and
pin_list ground pins of the cells.
-restore_function {{pin ~Specifies the polarity or the edge sensitivity of the restore pin that epables
Argfiments <high | low | posedge4“\\"the retention cell to restore the saved value after exiting power shut-{off
negedge}} mode. By default, the restore pin relates to the non-switchable powdr and
ground pin of the cell.
If not specified, the restore event is triggered when the primary powgr is
restored, or the power-up event. When neither -save_function nor
-restore_function is specified, the current value is always saved before
entering retention mode and the saved value is restored when the primary
power is restored.
=save_function {{pin Specifies the polarity or the edge sensitivity of the save pin that enaljles the
<high | low | posedge |  retention cell to save the current value before entering retention mode. By
negedge}} default, the save pin relates to the non-switchable power and ground pin of
thecett:
If not specified, the save event is triggered by the negation of the restore
function when it is specified. When neither -save_function nor
-restore_function is specified, the current value is always saved before
entering retention mode and the saved value is restored when the primary
power is restored.
-restore_check Specifies the additional condition when the states of the sequential
expression elements can be restored. The expression shall be a function of the cell
input pins. The expression shall be True when the restore event occurs.
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-save_check expression

Specifies the additional condition when the states of the sequential ele-
ments can be saved. The expression shall be a function of the cell input
pins. The expression shall be 7rue when the save event occurs.

-retention_check
expression

Specifies an additional condition to meet (after the primary supply of the
retention cell is switched off and before the supply is powered on again) for
the retention operation to be successful.

expression can be a Boolean function of cell input pins.

The expression shall be True when the primary supply set of the power
domain, in which the retention logic locates, is shut off and the retention
supply set is on.

-hold _check pin_list

Specifies a list of pins that maintain the same logic value during the reten-

tion period, from the time when the save event occurs to the time’when the
restore event occurs. The pin may be the clock pin or any other'control pin.

Arghments

-always_on_ Specifies a list of component names: instances, named processes,

components sequential reg, or signal names, in the corresponding simulation model that

component_list are powered by the nonswitchable power and ground pihs. The logic{values
of the specified components are corrupted if the §tate’value of the ngn-
switchable power and group pin is OFF.
NOTE—The option has only an impact on tgols, that use the gate-level sifnulation
models of state retention cells.

-power_switchable Identifies the switchable ground pim

power_pin This cell can be used for retention purpose in a power domain that cpn be
shutoff using power switches (i.¢., using a header cell).

-ground_switchable Identifies the switchableground pin.

ground_pin This cell can be used:for retention purpose in a power domain that cpn be
shutoff using ground switches (i.e., using a footer cell).

Réturn | Return an empty string if successful or faise a TCL_ERROR if not.
value

The dpfine_retention_cell library comimand identifies the library cells to use as retention cells. The
follow|ng also apply:

— | By default, all pins of this cell are related to the switchable power and ground pins, unless otherwise

specified.

— |1t is an error if the save and restore functions both identify the same pin, and the polarity ¢r edge

sensitivity are the Same for that pin. For example, the following two commands are incorrect:

define_xw€tention cell -cells My Ret Celll
-réstore function {pg high} -save function {pg high}
deffime retention cell -cells My Ret Cell2

#restore function {pg posedge} -save function {pg posedge}

— It is an error if the conditions specified in -save_check, -restore_check, or -retention_check
conflict with -hold_check. For example, the specification

‘-hold check clk -save check !clk -restore check clk’

is an error since the ~hold check requires the c1k signal to hold the same value from the time
when the save event occurs to the time when the restore event occurs, but the other two options
require the signal c1k have different values.

NOTE—If the cell data output pin is listed in the -always_on_pins list, then this retention cell may be used for retention
strategies that specify -use_retention_as_primary.
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Example

In the following example, the cell design requires clock c1k be held to O to save or restore the state of the
sequential element. If retention control pin save is set to 0, the state will be saved and saved data will be
restored when the primary power VDD is restored. The retention power VDDC shall be on to enable the
retention while VDD is switched off.

define retention cell -cells My Ret Cell -power VDDC
-ground VSS -power switchable VDD

-save_check {!clk} -restore check {!clk}

-save function {save negedge}
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8. UPF processing

8.1 Overview

All UPF commands have an immediate effect when they are executed by a Tcl interpreter. For the following
commands, the immediate effect is the only effect:

— create_hdl2upf _vct (see 6.14)

— create_upf2hdl_vct (see 6.23)

— find_objects (see 6.20)

— |load_simstate_behavior (see 6.27)
— |load_upf (see 6.28)

— |load_upf _protected (see 6.29)

— | set_design_top (see 6.38)

— |set_design_attributes (see 6.37)

— |set_port_attributes (see 6.46)

— |set_scope (see 6.52)

— |set_simstate_behavior (see 6.53)

— |set_partial _on_translation (see 6.44)

— | upf_version (see 6.54)

All other UPF commands have both an immediate and adeferred effect. For these commands, the immediate
effect {s to add the command syntax to an internal structure for further processing. The deferred effect varies
with the command, but typically contributes toiconstruction of a power intent model reflecting the
specification. This model is then applied to the\désign as appropriate for the tool involved.

One exception is the save_upf command (s€e 6.36), for which the deferred effect is generation of a UPF file
descriljing the power intent for a gived.scope. This generation occurs after the power intent model has been
fully cpnstructed, so the generated\UPF file is complete.

NOTEH-This algorithm defines<a.reference model for UPF command processing, to illustrate how the interdeperjdencies
betweep design data and the UPF specification, and among UPF commands themselves, can be satisfied. A giyen tool
may us¢ a different algorithm jas long as the overall effect is the same as this algorithm would present.

8.2 Dpta requirements

In addftiofyte-the UPF file(s) involved, UPF processing requires access to the following data:

1.1 s - | - los 1
— LId0UI1IdiCU ucmsu I ar L/ll_y
— UPF attribute specifications in HDL (if any)
— Library cell definitions

These data need to be available when UPF processing begins.

8.3 Processing phases

The following describes the detailed sequence of operations to process a UPF description, extract the power
intent it specifies, and apply the power intent to a design for use in a verification or implementation tool.
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8.3.1 Phase 1—read and resolve UPF specification

In this phase, the UPF commands are parsed and further processed to create a normalized representation of
the UPF specification. This involves the following operations:

a) Read and execute each UPF command as it is read in
1) Resolve references to the design relative to the current scope

2) Execute create logic_port (see 6.16), create logic net (see 6.15), and connect_logic net
(see 6.10)

3) Execute find_objects commands (see 6.26) on elaborated design (unmodified)

4) Build/extend syntactic model of UPF specification

b) | Augment syntactic model of UPF specification with HDL-specified and library-specified UPF
attributes

¢) | Collapse -update commands and check for conflicts

d) | Apply defaults for defaultable options

In gengral, names shall be defined before being referenced. In this phase, name-defining UPF commahds are
associgted with the scope in which the object is defined, or with the parent pbject for which a subopdinate
object fis defined, as appropriate, so that subsequent name references can be resolved at this stage.

Nameq of design objects referenced in UPF commands shall be defined-in the design hierarchy befofe they
are referenced in UPF. Names of the library cells referenced in”JRF commands shall be defined [for the
design|before they are referenced in UPF. Names of UPF-defined objects shall be defined and asspciated
with the appropriate design hierarchy scope before they are teferenced in UPF. Names of objects that are
associgted with other objects (supply set handles of powerdomains; functions of supply sets or supply set
handlep; port states of ports; power states of supply sets; power domains, or modules; simstates of| power
states)[shall be defined and associated with the relevant parent object before they are referenced ip UPF.
Nameg of VCTs shall be defined in UPF and»associated with the global VCT scope before they are
refererjced in UPF.

Any cpmmand that updates a previous’cemmand that defined a simple name in a design hierarchy scope
shall be processed in the scope in which the original command was processed and be associated with that
same spope. Any command that updates a previous command that defined an object associated with a parent
object shall also be processed. in the scope in which the original command was processed and be asspciated
with thjat same parent object.

8.3.2 Phase 2—build power intent model

In thig phase, ‘the’ normalized UPF specification is executed to construct a model of the power intent
expresped by the specification. This involves the following operations:

a) | Construct power domains

1) Asspecified by create_power_domain commands (see 6.17)

2)  Using the effective element list algorithm in 5.10

3) Including constructing required supply sets and functions

4) Atomic power domains shall be constructed first, followed by non-atomic power domains
b) Construct control logic for isolation, retention, and switch instances

As specified by create_logic_* (see 6.15 and 6.16) and connect_logic_net (see 6.10) commands
c¢) Construct supply networks and connections to power domains/strategies

1) As specified by create_supply * (see 6.20, 6.21, and 6.22) and create_power_switch (see
6.18) commands
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d)

2

h)

)

k)

D

8.3.3

In thig

2) connect_supply * (see 6.11 and 6.12), create * vet (see 6.14 and 6.23), and

associate_supply_set (see 6.7) commands
i)  Including equivalent supply declarations
ii) Including error checks related to supply set/function association

Construct explicit, implicit, and automatic supply connections

As specified by connect_supply_* commands (see 6.11 and 6.12), associate_supply_set (see 6.7),

etc.
Apply the power model of a hard IP cell as specified by apply_power_model command (see

Construct composite domains

6.0)

—H—As-speetfred-by-ereate—eomposite—domain(see- 613 )rcommands

2) Including propagation of primary supply to/among subdomains

3) Including error checks related to domain composition

Identify power-domain boundary ports and their supplies

By analyzing the elaborated design and create_power_domain (see 6.17) comniands
Apply retention strategies for each domain

As specified by set_retention (see 6.49 and 4.5.6)

Apply repeater strategies for each domain

As specified by set_repeater (see 6.48 and 4.5.6)

Apply isolation strategies for each domain boundary port

As specified by set_isolation (see 6.41 and 4.5.6)

Apply level-shifting strategies for each domain boundary port

As specified by set_level_shifter (see 6.43 and-4.5.6)

Identify cells to use for isolation, level-shifting, retention, and switch elements

As specified by map_* (see 6.32 and 6:33) and use_interface_cell (see 6.55) commands
Construct power states

As specified by add_power_statel(see 6.4) commands

Construct power state trangitions

As specified by describe_state_transition (see 6.24) commands

Phase 3—recognize implemented power intent

phase, the Zinstance options of all commands are processed to identify instances of ce

impler]
been i

hent the power intent. If a given command has a -instance option, this indicates that the comm{
pleméiited by some preceding step in the flow. The implementation may or may not be comp

Is that
Ind has
lete. In
further

If a given command has a -instance option that specifies an empty string as the instance name, this indicates
the instance resulting from applying the command in this particular context has been optimized away. In this
case, tools shall not infer a cell for this application of the command. In particular, verification tools shall not
infer a cell for purposes of verification, and implementation tools shall not re-implement the command by
inserting a cell again.

If a given command has a -instance option that specifies a hierarchical name as the instance name, the
specified instance shall exist in the design. It shall be an error if that hierarchical name does not identify a
cell instance of the appropriate type for the command. Attributes specified in library cells, in HDL models,
or in UPF may be used to determine whether a given cell instance is appropriate for the command whose
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-instance option identifies it as resulting from the implementation of that command. In this case also, tools
shall not infer a cell for this application of the command. Instead, the existing cell shall be used.

In addition to the preceding, commands that create supply or logic ports or nets are processed to identify any
ports or nets that already exist in the HDL hierarchy. If a create supply_port (see 6.21),
create_supply net (see 6.20), create logic_port (see 6.16), or create logic net (see 6.15) command
specifies a port or net name that already exists in the current scope of the HDL hierarchy, it shall be an error
if that port or net name does not identify a port or net, respectively, of the appropriate type for the command.
A supply port or net is appropriate for a create_supply_port or create_supply net command, respectively,
if it is declared to be of type supply net type defined in the package UPF. A logic port or net is
appropriate if it is declared with the standard logic type in the relevant HDL. In this case also, tools shall not
create p new port or net for this application of the command. Instead, the existing port or net shall be jused.

8.3.4 Phase 4—apply power intent model to design

In this[phase, some or all of the power intent model is applied to the HDL design. A-given tool will #dd the
power |intent elements required for that tool’s operation to the design model. Power intent model elpments
that ar¢ already present in the design will not be added again. This includes implementation of any checkers
introdyced by the bind_checker command (see 6.9).

NOTE+-It may be appropriate for a given tool to update existing elements,in the design to more completely reflect the
power intent model. For example, a tool may choose to change the data typ€,of a net in the design used as a supply net,
from a pingle-bit type to the appropriate (SystemVerilog or VHDL) supp¥y net type.

8.4 Efror checking

Error ¢hecking is done in various UPF processing stages. Error checks include the following clagses of

checks, which would be performed in Phases 152, and 3 of UPF processing:
a) | Phase —Read and resolve UPFspecification (see 8.3.1)

1) UPF syntax checks (ificluding semantic restrictions)

2) Update conflictshecks

3) Design scope/object reference checks (scope/object not found)

b) | Phase 2—Build power intent model (see 8.3.2)

1) _Eonflicts between two commands applying to same object

2)./ Completeness checks (e.g., all instances are in a power domain)

c¢) Phase 3—Identify implemented power intent (see 8.3.3)

Name conflicts (an existing design object conflicts with a UPF name)

If a tool detects and reports an error in any of the preceding UPF processing phases, the tool may continue
processing if possible, in order to identify any additional errors that might exist in the UPF specification or
its interpretation with the design hierarchy, but processing should terminate before Phase 4, where the power
intent model is applied to the design hierarchy.
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9. Simulation semantics

This cl

ause details the simulation semantics for the UPF commands (see also Clause 6).

9.1 Supply network creation

UPF supply network creation commands define the power supply network that connects power supplies to
the instances in a design. After these commands are applied, every instance in a design is connected to the
power supply network. The supply network is a set of supply nets, supply ports, switches, and potentially,
regulators and generators Supply sets are deﬁned in terms of supply nets and conveniently define a
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te connections based on the role the supply set provides for a power domarn and the funeti
nets provide within the set (see 9.2.2). The supply network defines how power sources are, dist
nstances and how that distribution is controlled.

ly port that propagates but does not originate a supply state and voltage value defines a supply

given time, a supply source can be traced through the supply network connecétivity to a sing
driver. The output port of a switch is a root supply source (with a correspanding driver); the v
er is computed according to the algorithm given in the following item h)) HDL switch models
¢t assign supply2supply function to propagate the inputisupply to the output

bnerators, voltage regulators, and switches modeled in HDL<should create a root supply drive]
ply source originates from within the model.

-Since the supply net type is defined in the package UPF, it is possible to create the supply network en
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of an HDL type and vice versa‘te’facilitate more complex modeling consistent with an organiz
alue interpretations of UPF ‘supply port states.
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port/net interconnections create a supply network that may span multiple instances at pot

consrderatlon of the whole collectlon of electrically equivalent supply ports/nets (see 4 4.4.3) making up each

supply
a)

b)

network.

A group of electrically equivalent ports/nets (see 4.4.3) constitutes a supply network, including

ports/nets that are both equivalent by connection and declared electrically equivalent.
1) The source(s) of the group are the top-level and leaf-level sources.

2) The load(s) of the group are the top-level and leaf-level loads.

3) Internal ports act only as connections within the group.

If there are no resolved nets in the group, then the group is unresolved.

For an unresolved group, it is an error if there is more than one supply source in the group.
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d) If'there is at least one resolved net in the group, then the group is resolved.
e) For aresolved group, it is an error if
1) the group contains two resolved nets with different resolution types;
2) any two resolved nets in the group are separated by a unidirectional internal port.
f)  In general, it is an error if a unidirectional supply port (an input port or an output port) in the group
1) has a supply source on the load side, and
2) has aload on the supply source side.

g) For an unresolved group of electrically equivalent supply ports/nets (see 4.4.3), the single source
drives all the loads directly.

h) rForaTesotved groupof tlectricatty cquivatent suppty ports/mets

1) all electrically equivalent resolved nets in a group are collapsed into a single resolvéd nit;

2) supply sources provide inputs to the resolved net;
3) the resolution type of the resolved net determines how inputs are resolved;
4) the resolved value is distributed to all loads.

9.2 Supply network simulation
9.2.1 Bupply network initialization

Simulgtion initialization semantics are defined by each HDL. Existing models rely on the HDL initialization
semantics for operations such as initializing ROMs, etc. To.enSure that initialization of the design|occurs
correcfly during power-aware simulation, model initializationh code and design code should be ¢leanly
separafed. In Verilog or SystemVerilog, initial blocks can be used for model initialization code, sincg these
are nof affected by power-aware simulation semantics:In ' VHDL, model initialization code should be|placed
in progesses that will not be synthesized and theseprocesses should be included in an “always-on”|power
domaif during power-aware simulation.

The inftial state of supply ports and supplynets is OFF with an unspecified voltage value. The initial $tate of
a supply set is determined by the initiat state of each supply function of the supply set. The initial state of a
supply]set function is determined by the initial state of the corresponding supply net with which it hgs been
associgted or else the initial staterof the root supply driver of that function.

NOTE+}Implicitly created supply nets are initialized the same as explicitly created supply nets.

To facjlitate modeling\of non-inferable behavior in HDLs that can be used in both a UPF simulation and a
traditignal non-URF)simulation, the following are provided:

— | Predefined/constant of Boolean type: UPF_POWER_AWARE.
The value of this constant is TRUE in a UPF simulation, otherwise it is FALSE. This constant value
is<globally static only in a UPF simulation; i.e., its value is known at the time that SystemYerilog

and VHDL generate statcments arc cvaluated allowing the ability 1o specily logic that is
conditionally generated only in a UPF simulation.

— In VHDL, a signal and, in SystemVerilog, a variable of type power state simstate can be
declared within an architecture or module.

The name of this signal/variable shall be upf simstate. upf simstate can be used in a
process’s sensitivity list. It shall be an error if upf simstate is assigned or connected to a port—
it can only be used locally and in a read-only context. In a UPF simulation, upf simstate shall
represent the active simstate of the supply set that is implicitly, automatically, or explicitly
connected to the instance when simstate behavior has been enabled for that element. If simstate
behavior is disabled for the element, then upf simstate shall remain the constant value
CORRUPT.
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9.2.2 Power-switch evaluation

During simulation, a power switch created with create_power_switch corresponds to a process that is
sensitive to changes in its input port (net state and voltage value), as well as its control ports. [A general
introduction to power-switch behavior is described here (see 6.18 for the complete power-switch
semantics).] Whenever the signals on the control ports change, the corresponding on-state Boolean functions
are evaluated. If an on-state function evaluates True, the switch is closed, which causes the state of its input
port to propagate to the output port (or for a multiplexed switch, the corresponding input is switched to the
output), otherwise the switch is opened—the output supply port is assigned the state OFF and the voltage
value is unspecified. If any of the control signals is X or Z, the input supply port is UNDETERMINED, the
control signals match one of the error-state Boolean functions, or more than one on-state function evaluates
True, t TOTC ' y TSasSTg sta P VHE e
shall bp unspecified, and the acknowledge ports shall be driven X; in this case, implementations may|issue a
warning or an error.

Exampyle

Using the following create_power_switch command (see 6.18):

cfeate power switch kb

-qutput supply port {outp pda vdd}

-input supply port {inpl yt}

-input supply port {inp2 db}

-q¢ontrol port {cpl eh}

-¢ontrol port (cp2 as}

-¢gn_state {yt on kb inpl {(cpl && !cp2)}}
-qn_state {db on kb inp2 {(!cpl && cp2) }'}
-4ck port {ap yack 1}

create§ an instance of an anonymous switch model that is functionally equivalent to the following
SystemVerilog module definition:

ingport UPF::*;

mddule <anon> (

output supply net typejoutp,
output logic ap,

input supply netStype inpl, inp2,
ifput logic cpl,\cp2 );

ugf object handle inlH, in2H, outH;
irjitial Pegin

ifflH # get object( “inpl” );
if2H ~"get object( “inp2” );

outl = get object ( “outp” ):
if (!is _valid handle( inlH ) || !is_supply kind( inlH ) ||
!is valid handle( in2H ) || !is supply kind( in2H ) ||
!is valid handle( outH ) || !is supply kind( outH ))
Sdisplay( “Invalid supply port connection on switch port” );
end

always@ (cpl, cp2, inpl, inp2)
case ({cpl, cp2})

01 : begin
assign supplyZ2supply( outp, inp2 );
ap <= 1;
end
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10 : begin
assign supply2supply( outp, inpl );
ap <= 1;
end
00
11
begin
assign supply state( outp, OFF );
ap <= 0;
end
default : begin
I bigui upplyi CaCe ( OuUCpP, OUNDEITERMINGD )7
ap <= X;
Sstop
end

erjdmodule

The inftance of the anon module is:

<gnon> kb (.outp(pda vdd), .inpl(yt), .inp2(db), .apiyack), .cpl(eh),
.qp2(as));

9.2.3 Bupply network evaluation

During simulation, each supply port and net maintains two.pieces of information: a supply statd and a
voltag¢ value. The supply state itself consists of two pieces.of information: an on/off state and a full{partial
state. [The supply state values are FULL_ON,./OFF, PARTIAL ON, and UNDETERMI[INED.
PARTJAL_ON typically represents a resolved supply net state when some, but not all, switches are
FULL] ON or any switch is PARTIAL_ON (see;also 6.20.2).

During simulation, the supply network is evaluated repeatedly whenever the value of a root supply dtiver or
a switdh input changes. Supply network-gvaluation consists of the following:

a) | Evaluation and resolution of supply nets (see 6.20.2)
b) | Evaluation of power switches (see 6.18)
¢) | Evaluation of supply.set power states (see 9.3)

d) | Evaluation and dpplication of simstates (see 9.4 and 9.5).

The sypply network-is evaluated in the same step of the simulation cycle as the logic network. Ngw root
supply|driver values are propagated along the connected supply nets in the same manner that logic values are
propagated @long the logic network.

NOTE+4-Asvho material distinction between PARTIAL_ON and PARTIAL_OFF exists, only PARTIAL| ON is
defined.

9.3 Power state simulation
9.3.1 Power state control

The power state of a root supply set may be changed from an HDL test bench in simulation using the
set _power state function defined in the package UPF (see Annex B). The set power state
function changes the power state of the specified supply set (or supply set handle) to one of the states
defined for the supply set (handle). This function can be used to control the supply states of root supply sets,
before top-level supply networks have been implemented or completed.
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When
a)

b)

set_power_state is used to change a supply set’s power state to a specified power state:

It is an error if the specified power state is defined with either a logic expression or a
expression.

It is an error if any one of the supply set functions is associated with an explicitly declared

supply

supply

net, either in the declaration of the supply set or via association of a supply set with a supply set

handle.

The implicitly created supply nets of the set (e.g., primary.power), shall have their state set as

follows:

1) If the simstate of the specified power state is CORRUPT: the state shall be set to OFF and the

voltage value is unspecified.

The s
setting
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changg

NOTE-
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9.3.2
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update

2) For any other simstate: the state shall be set to FULL_ON and the voltage value 1s unsps

bt power state function cannot be used to set the power state of a power domain! Hg
the power state of a supply set or supply set handle to a given power state may indirectly aff
state of a power domain, just as would occur if the power state of the supply setror’supply set
d to the given power state as a result of the state of the supply network driving.the root supply

-Tools may provide other mechanisms to change the power state of the supply~set or power domai
isms are outside the scope of this standard.

Power state determination

upply set and each power domain may have an associated™set of named power states. Each
state is defined in terms of the values of supply ports or‘nets, or the power states of other supy
er domains, or logic signals representing control conditiens, or some combination thereof.

ly set or power domain is in a given power state:S‘at a given time 7 if the definition of S is sati
by the current values of any supply or logic ports or nets referenced in the definition and
power states of any supply sets or power@omains referenced in the definition. More than onej
efinition can be satisfied at the same time,'so a supply set or power domain may be in multiple
t any given time.

wer state of a supply set is determined after all signals (including supply nets; see 9.2.3) hay
d and prior to the evaluation“of the power state(s) of power domains. The power state of a
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domain is determined after the power state(s) of all supply sets have been determined and prior to evaluation

of user

The pd
a)
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defined processes and always blocks.

wer state of assupply set (or supply set handle) is evaluated whenever there is

a change-itthe value of any supply set (handle) function, supply net, or logic net referenced
powetstate definition of the supply set, or

acallto the set power state function for this supply set.

in any

The power state of a supply set is determined as follows:

for a supply set SS
power state set CPS = {}
for each power state PS defined for SS

if PS has neither a supply expression nor a logic expression, then

if set power state was called to set the power state to PS,
CPS = CPS + {PS}
end

then

else if PS has a supply expression but no logic expression, then

if the supply expression is True, then
CPS = CPS + {PS}

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



https://iecnorm.com/api/?name=279146a979eafb6dff243ad9e1538f49

IEC 61523-4
159 IEEE Std 1801-2013

end
else if PS has a logic expression but no supply expression, then
if the logic expression is True, then
CPS = CPS + {PS}
end
else (PS has both a logic expression and a supply expression)
if the logic expression is True, then
CPS = CPS + {PS}
if the supply expression is False, then
Error: Supply status insufficient to support power state

end
end

end
end
if CPS = {}, then

CPS = CPS + {DEFAULT CORRUPT}
end
current power states of SS = CPS

end

The pdwer state of a power domain is evaluated whenever there is

¢) | a change in the set of current power states of any supply; set (handle) or other power domain
referenced in any power state definition of the power domain; or

d) | a change in the value of any supply net or logic net.referenced in any power state definitior] of the
power domain.

The pgwer state of a power domain is determined as follows:

for a power domain PD
power state set CPS = () #empty set
for each power state\PS defined for PD
if PS has a logi¢c/expression, then
if the logic/ expression is True, then
CPS % _CPS + {PS}
end
end
end
currént power states of PD = CPS
end

9.4 S|mstate simulation

The current simstate of a supply set (or supply set handle) is reevaluated whenever there is a change in the
set of current power states of the supply set. If no power state in the set defines a simstate, then the current
simstate remains unchanged. Otherwise, the current simstate of the supply set is set to the most corrupting
simstate defined for any power state in the set of current power states of the supply set.

Each simstate has well-defined simulation semantics, as specified in the following subclauses. Multiple
power states may be defined with the same simstate specification. The simstate semantics are applied to all
elements that have the supply set connected to it (including no supply net connections except those implied
by the supply set connection to the element) and that have the simstate semantics implicitly or explicitly
enabled.

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



https://iecnorm.com/api/?name=279146a979eafb6dff243ad9e1538f49

IEC 61523-4
IEEE Std 1801-2013 160

Elements implicitly connected to a particular supply set have simstate semantics enabled by default.
Elements automatically or explicitly connected to a particular supply set have simstate semantics disabled
by default. Use set_simstate_behavior to override the default enablement of simstate semantics (see 6.53).

The supply set powering a state element or the driver for a net may be in a state that the supply is not
adequate to support normal operational behavior. Under specified circumstances while in these states, the
logic value of the state element or net becomes unknown. A corrupt value for a state element or net indicates
the logic state of the state element or net is unknown due to the state of the supply powering the state
element or driver of the net. The corrupt value of a state element or net shall be the HDL’s default initial
value for that object’s type, except for VHDL std ulogic and std logic typed-objects, which shall
use X as the corruption value (not U).

NOTE+-An object may be declared with an explicit initial value. This explicit initial value has no relatioriship to the
corrupt|value for the object. For example, in VHDL, the objects of Integer type have the default initial yalue of
Integer’/Left (-2147483648 for a system using 32 bits to represent Integer types). A (process yariable
inferring a state element may be declared to be of type Integer with an initial value of 0. The corrupt valud for the
variabl¢ is Integer’ Left, not 0.

The following subclauses define the simulation semantics for simstates. These semantics are applied to the
elemenjts connected to the supply set with simstate behavior ENABLED.

9.4.1 NORMAL

This sthate is a normal, power-on functional state. The simulator eXedutes the design behavior of the elpments
consisfent with the HDL or UPF specification that defines the elément.

9.4.2 CORRUPT

This stpate is a non-functional state. For example, this state can be used to represent a power-gated/poywer-off
supply] set state. In this power state, state elements powered by the supply set and the logic nets driven by
elemerjts powered by the supply set are corrupted. The element is disabled from evaluation while thfs state
applieq.

As long as the supply set remains in-a CORRUPT simstate, no additional activity shall take place within the
elemerfts, i.e., all processes_thodeling the behavior of the element become inactive, regardless df their
origindl sensitivity list. Events that were scheduled for elements supplied by the supply set before eptering
this sitpstate shall have o effect.

9.4.3 CORRUPTXON_ACTIVITY

This state.is_a power-on state that is not dynamically functional. For example, this state can be yised to
represgnt a‘high-voltage threshold, (body-bias) state that does not have characterized (defined) S\A;Ftching
performance. In this simstate, the Togic state of the elements is maintained unless there is activity on any of
the element’s inputs. Upon activity on any input, then all state elements and logic nets driven by the element
are corrupted.

9.4.4 CORRUPT_ON_CHANGE

This state is a power-on state that is not dynamically functional. For example, this state can be used to
represent a high-voltage threshold, (body-bias) state that does not have characterized (defined) switching
performance. In this simstate, the logic state of the elements is maintained unless there is a change on any of
the element’s outputs. Upon change of any output, then all logic nets driven by that element output are
corrupted.
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9.4.5 CORRUPT_STATE_ON_CHANGE

This state is a power-on state that represents a power level sufficient to power normal functionality for
combinational functionality, but insufficient for powering the normal operation of a state element if the state
element is written with a new value. The simulator executes the design behavior of the elements consistent
with the HDL or UPF specification that defines the element, except that any change to the stored value in a
state element results in the writing of a corrupt value to the state element.

9.4.6 CORRUPT_STATE_ON_ACTIVITY

This state is a power-on state that represents a power level sufficient to power normal functionality for
combifational functionality but insufficient for powering the normal operation of a state element if {here is
any write activity on the state element. The simulator executes the design behavior of the. elpments
consisfent with the HDL or UPF specification that defines the element, except that any activity-inside state
elemerjts, whether that activity would result in any state change or not, results in the writing of a ¢orrupt
value tp the state element.

9.4.7 NOT_NORMAL

This i a special, placeholder state. It allows early specification of a non-operational power statg while
deferring the detail of whether the supply set is in the CORRURT, CORRUPT_ON_ACTIVITY,
CORRUPT_ON_CHANGE, CORRUPT_STATE_ON_CHANGE, or CORRUPT_STATE| ON_
ACTIVITY simstate. If the supply set matches a power state speeified with simstate NOT_NORMAL, the
semantics of CORRUPT shall be applied, unless overridden by a tool-specific option. NOT_NORMAL
semantics shall never be interpreted as NORMAL.

The fupctions defined in package UPF (see Annex B9 that query the simstate for a state that was originally
NOT_NORMAL shall return the simstate to be applied in simulation for that state. e.g., CORRUPT|for the
defaul{ interpretation of NOT_NORMAL.

The qyery functions (see Annex C) that(query the simstate for a state having a NOT_NORMAL s{mstate
shall r¢turn NOT_NORMAL when it was not updated with any other simstate.

NOTE [I—Using the default interpretation of CORRUPT for NOT_NORMAL provides a conservative—the jroadest
corruptjon semantics—for simulation of the design for functional verification. However, a conservative interpretation of
NOT_NORMAL for other tools, such as power estimation tools, might be to use a bias or lowered voltage level
interprdtation such as CORRUPT_ON_ACTIVITY.

multiplg simstate specifications to apply simultaneously, the effective result is that the simstate with the Qroadest
corruptjon semanties shall apply. For example, a supply set that matches power states with simstates of
CORRUPT [STATE_ON_CHANGE and CORRUPT_STATE_ON_ACTIVITY shall result in the applicgtion of
CORRUPT, STATE_ON_ACTIVITY simstate semantics being applied.

NOTE P—As it is possible for two or more power states of a supply set to match the state of the supply set’s netland for

9.5 Transitioning from one simstate state to another

The following subclauses define the simulation semantics for transitions from one simstate to another. These
semantics are applied to the elements connected to the supply set with simstate behavior ENABLED.

9.5.1 Any state transition to CORRUPT

In this case, the nets and state elements driven by the elements connected the supply set in this simstate shall
be corrupted. The elements connected to this supply set are inactive as long as the supply set is in the
CORRUPT simstate.
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9.5.2 Any state transition to CORRUPT_ON_ACTIVITY

In this case, the current state of nets and state elements driven by the element shall remain unchanged at the
transition. The processes modeling the behavior of the element shall remain enabled for activation
(evaluation). Any net or state element that is actively driven after transitioning to this state shall be
corrupted.

Any attempt to restore a retention register’s retained value while in the CORRUPT_ON_ACTIVITY state
shall result in corruption of the register’s value.

9.5.3 Any state transition to CORRUPT_ON_CHANGE

In this
transiti
(evalu

9.5.4 Any state transition to CORRUPT_STATE_ON_CHANGE

In this
transiti

9.5.5 Any state transition to CORRUPT_STATE_ON_ACTIVITY

In this
transiti

9.5.6 |

In this
and thg
to rest
functid

9.5.7 |

NOT |

9.6 S

case, the current state of nets and state elements driven by the element shall remain unchange

tion).

case, the current state of nets and state elements driven by the elemeéntsshall remain unchange
on. The processes modeling the behavior of the element shall be ¢nabled for activation (evalug

case, the current state of nets and state elements driven by the element shall remain unchange
on. The processes modeling the behavior of the element shall be enabled for activation (evalug

Any state transition to NORMAL

case, the processes modeling the behavior of the element shall be enabled for activation (evaly
combinational and level-sensitive sequential logic functionality in each process shall be re-ev
re and properly propagate ¢onstant values and current input values. Edge-sensitive sequentiz
nality within the element shall not be evaluated at this transition.

Any state transijtion to NOT_NORMAL

NORMA LSs-simulated according to the interpretation of this placeholder simstate (see 9.4.7)

mulation of retention

| at the

on. The processes modeling the behavior of the element shall remain enabled .for activation

i at the
tion).

| at the
tion).

ation),
hluated
1 logic

This subclause covers some of the basics of retention register operation and modeling, which are useful in
describing the simulation semantics for the set_retention command (see 6.49). The following abbreviations
are used in various figures and tables herein:

VDD primary supply port of the register

VDDRET retention supply port of the register

SS save signal is active
SC save condition
RS restore signal is active
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RC restore condition

RTC retention condition
9.6.1 Retention corruption summary

A retention register has the same simulation behavior as a regular register when both supplies VDD and
VDDRET are ON, the save/restore signals are inactive and the retention condition is False. The main
simulation difference between a non-retention register and a retention register comes when the corruption
behavior is modeled during various power state transitions. The retention register is composed of at least
three components (see 4.3.4), as follows:

)] Lot L sadha-daoto ald oo <1 4 loxnaant of tha o actarJaa oot ool oo d +las Value
Register—vahre—ts-the-data-held+nthe-storage-elementof-theregister—nfunetional-mede—tht

gets updated on the rising/falling edge of clock or gets set or cleared by set/reset dignals,
respectively.

— | Retained value is the data in the retention element of retention register. The retention element is
powered by the retention supply.

— | Output value is the value on the output of the register.

The refained value of the retention register can be corrupted in the following Wways:
a) If VDDRET==0FF
Corrupt if RET _SUP_COR is set
b) | Else If VDDRET==0N
1) IfVDD==0N
(SS && SC) && (RS && RC) (both save/restore are true) and SAV_RES COR is get
2) Else If VDD==0OFF
i)  (SS && SC)— trying to say¢-when domain off
i) (RS && RC)— trying to restore when domain off
iii) !RTC

The oytput value of the retention register can be corrupted in the following ways:
c) | If -use_retention_as_primary is specified
Output is corrupted.whenever retained value (described above) is corrupted.
d) | If -use_retention_as_primary is not specified
1) IfVBR==0FF
Corrupt always

2), ;Else If VDDRET==0FF

Corrupt i RET SUFP CORIS Set

In summary, the preceding algorithm covers all the conditions by which a retention register (i.e., retained
value/output value) can be corrupted. A corrupted retention register can then be restored to a valid state by a
combination of one or more of the following:

— Restore (power up) the corrupting supplies

— Deassert save/restore signals if the corruption is due to the condition when both are true
simultaneously

— Deassert retention condition

— Apply reset/set and/or clock
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9.6.2 Retention modeling for different retention styles

Depending on the type of retention, the controlling inputs of the retention register like the save/restore
signals may or may not exist on the register boundary. Thus, it is important to understand the modeling of
the different flavors of retention, namely balloon-style retention and master/slave-alive style retention (see

43.4).

When the set_retention (see 6.49) is specified with -save_signal and (or) -restore_signal, balloon-style
retention semantics are applied to it. The process of saving/restoring is unique to balloon-style retention.
When the set_retention is not specified with both -save_signal and -restore_signal and it is specified only
with a -retention_condition, the master/slave-alive retention semantics are applied instead. In this type of

retenti
Howey
retenti

A retef

Table T
signald.

Table §
signald.

Table 9

11, tll\x lbbtul\z llalJPbllD dulius lJUW\/l_ulJ, asS t}l\a lllabt\zll alavu latuh ;D l\bt}t Ull t‘ll\/ 1utuuﬁuu
er, whether to be in a retention state or not may be controlled by the value of one or more pofts
n register.

ition register may be in one of the following states:
NORMAL—Functional/active mode, all supplies expected to be ON.
SAVE—The time snapshot where the save action occurs (for balloon-latch style registers).
RESTORE—The time snapshot where the restore action occurs (for balloon-latch style regis

RETAIN_ON-—The time snapshot where the primary supply is ONand the register is in re
state (retention condition == True).

RETAIN_OFF—The time snapshot where the primary supply is OFF and the register is in re
state (retention condition == True).

PARTIAL_CORRUPT—The retained value is corrupted, but the register value is not corrup
CORRUPT - The register value and retained value'are both corrupted.

summarizes the power state of a balloonsstyle retention register with respect to the states

summarizes the power state of a master/slave alive retention register with respect to the state

shows the output values of the retention register depending on the state of retention register.

upply.
on the

ters).
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ted.

of the
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Table 8—Retention state table for master/slave-alive retention

VDD VDD RTC R_etamed/ Register state Valid next Comments
RET register value states
ON ON FALSE Previous state NORMAL RETAIN ON —
value
ON ON TRUE Previous state RETAIN ON NORMAL, —
value RETAIN OFF
ON OFF TRUE CORRUPT CORRUPT NA RET_ SUE_{OR
is set
ON OFF FALSE CORRUPT CORRUPT NA RETSUP_ {OR
iset
OFF OFF X CORRUPT CORRUPT NA —
OFF ON FALSE CORRUPT CORRUPT NA 'RTC
OFF ON TRUE Retention RETAIN OFF RETAIN ON —
value
Table 9—Retention output value table®
use_ret.e ntion_ State Register value Output value
as_primary
TRUE NORMAL DATA DATA
TRUE RETAIN-ON/RETAIN-OFF DATA DATA
TRUE SAVE DATA DATA
TRUE RESTORE DATA DATA
TRUE CORRUPT X X
FALSE NORMAL DATA DATA
FATSE RETAIN-ON/RETAIN-OFF DATA VDD==ON7?DATA:X
FALSE SAVE DATA VDD==0ON7?DATA:X
FALSE RESTORE DATA VDD==0ON7?DATA:X
FALSE CORRUPT X X

2DATA in Table 9 stands for a valid data, and X stands for corrupt data.
Figure 6 describes the sequence of transitions in balloon style retention register. In this case, the state
transitions are not synchronous, i.e., they are not caused due by clock transitions.

Figure 7 describes the sequence of transitions in a master/slave-alive register. In this case, the state
transitions are not synchronous, i.e., they are not caused due by clock transitions.
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: IRTC &&
Supplies are on VDDRET=0FF &&
!SSorlRS (RET_SUP_COR not

CORRUPTION CONDITIONS (CC)= |m==s
CC1. VDDRET==0FF && (RET SUE)COR
is s&t)

CC2. SS&85C and RS&&RG hative
simuttanecusly (SAV_RES CGOR is set
CC3 WDD==0FF & (SSEASC)

CC4. VDD==0FF §{RS&&RC)

CCS5 VDDRET=¢§0FF&& IRTC

-
'l' ‘
W ]
[ »
--"
CC1-CC5

Figure 6—Retention state transition.diagram for balloon-style retention

Supplies are dgn
!C

CORRUPTION CONDITIONS {CC) =|==="
CC1. VDDRET==0FF (RET_SUP_COJR

RETAIN- ’ pepleh
: CC2. VDDRET==0FF && IRTC
RTC && VDD=0 ' S
oonEreon | <L W voworr T A
CE'LE‘.‘ Py s
C? LY "\
- "‘bc_,
CORRUPT
'-" ‘
I-‘ "
e - -'
CC1-CC2

Figure 7—Retention state transition diagram for master/slave-alive style retention

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



https://iecnorm.com/api/?name=279146a979eafb6dff243ad9e1538f49

IEC 61523-4
IEEE Std 1801-2013 168

9.7 Simulation of isolation

The simulation semantics for isolation are defined through an equivalent SystemVerilog always block,

unless -instance applies to a specific isolation element or use_interface_cell (see 6.55) is applied.

An isolation strategy with a constant clamp value (0, 1, Z, or a user-specified value) is functionally

equivalent to the following SystemVerilog code:

// For -isolation sense HIGH
genvar Xx;
generate for (x=0; x < <num_iso_ specs>; x++)

a lrwa QL 3 lotion T~ R daota—dnout
) =17 g 7

<isolation supply set[x].simstate>)
if (<isolation supply set[x].simstate> == NORMAL)
if (isolation signal[x] === 1'DbX)
<data output> = <corrupt value for logic_ type>;
else if (isolation signal([x] == 1)
<data_ output> = <clamp value[x]>;
else
<data_ output> = <data input>;
else
<data output> = <corrupt value for logic_ type>/
erjdgenerate

The isplation cell with a clamp value of 1atch is functionally“eguivalent to the following System

code:

reg iso_ latch;
assign <isolation output> = iso »atch;

/| For -isolation sense LOW
always @( <isolation signal>, <non isolated>,
<isolation supply set.simstate>)

bdgin
if (<isolation suppty\set.simstate> == NORMAL)
if ( <isolation signal === 1'bX )
<iso_ latgchx = <corrupt value for logic_ type>;
else if (( Kisolation signal> != 0)
<isg\latch> = <non isolated>;
elség
else
<iso_latch> = <corrupt value for logic_ type>;
erjd

Verilog

9.8 Simulation of level-shifting

A level-shifter has the logical functionality of a buffer.

9.9 Simulation of repeater

A repeater has the logical functionality of a buffer.
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Annex B

(normative)

HDL package UPF

B.1 Supply net logic type values

These functions are required for any implementations supporting VHDL and/or SystemVerilog simulation.

The r¢al typed value parameter to the supply_on and supply_partial_on functions is the voltageValue in
units off volts. This voltage value shall be converted into a signed integer value in units of miCtovolts
B.2 Rath names

Any stfing representing a hierarchical path name need to use a slash (/) as th¢€ hierarchy delimiter.

B.3 VHDL UPF package

The following defines the VHDL package for UPF. This package shall be located in the IEEE libraryf

Library IEEE;

e IEEE.std logic 1164.all;
e IEEE.numeric bit.all;
ckage UPF is

< G
QO 0 o

o}

type state is (OFF,
UNDETERMINED,
PARTIAL ON,
FULL ON) ;

—-- The provided %¥eutines shall be used to ensure

-- the HDL code.is independent of the details of the supply net
-- type implementation. This ensures portability and forward
-- compatilkdility of the HDL.

-- The supply net type implementation is openly specified for
-- the\fellowing reasons:

-= M. Users know how supply net and port values will visually
R appear in tools such as wave windows.
== C language acce h nser or 3rd part tool can depend

-= on existing functionality to read and write supply
-— values.

-- Tools implementing this package may optimize the supply data
-- type as long as the 2 items above are preserved and the
-- supply value set and get routines are supported.
type supply net type is record
state . state;
-- Voltage in microvolts
voltage : signed (31 downto O0);
end record;
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-- Types used to navigate and to find UPF objects in
-- the design hierarchy
subtype upf object handle is Integer;

type object kind is (ERROR_KIND,
SWITCH, ISOLATION CELL, LEVEL SHIFTER,
SUPPLY SET, SUPPLY NET, SUPPLY PORT,
ROOT SUPPLY DRIVER,
LOGIC NET, LOGIC PORT,
INSTANCE,
POWER DOMAIN

’
P T =L VAUt L T~k ==L =]
Orr LCOWOLIN oOlIfilly

ITERATOR,
OTHER ) ;

—-— NOTE: UNDETERMINED is not defined as a power state kind as
-= it is replaced during simulation with a determinegd, State
type power state kind is

(ERROR_PS, OPERATING, ILLEGAL, TRANSIENT);

type power state simstate is
(NORMAL, CORRUPT, CORRUPT ON ACTIVITY, CORRUPT_ON7CHANGE,
CORRUPT STATE ON CHANGE, CORRUPT STATE ON ACTIVITY);

subtype supply kind is object kind
range SUPPLY NET to ROOT_SUPPLY DRIVERs

-- Voltage is a real value in volts that is converted into
-- an integer value normalized to mi€fovolts
function supply on (
supply name : STRING; -— Path name to supply net, port or
-—- oot supply driver
voltage : REAL := 1.00)
return BOOLEAN;

function supply off (
supply name : STRING )
return BOOLEAN;

-- Voltage 4iswa real value in volts that is converted into
-- an intgger value normalized to microvolts
function§tUpply partial on (

supply/name : STRING;

valhe : REAL := 1.0 )
rétrurn BOOLEAN;

function get supply value (
supply name : STRING )
return supply net type;

function get supply voltage (
value : supply net type )
return REAL;

function get supply on state (
value : supply net type )
return BOOLEAN;
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function get supply on state (
value : supply net type )
return BIT;

function get supply state (
value : supply net type )
return state;

-- Routines to navigate and find UPF objects in the design hierarchy

-- The initial scope shall be the root of the simulation

rtel—ettows—access—to—tihre—testihercir—as—wett—as—deston
-- under verification.
-- If inst path is valid for the current scope, then
-- the function changes the scope to that instance.
-—- The function returns TRUE on success, FALSE if the
-- the scope cannot be set as requested.
function set scope( inst path : STRING )
return Boolean;

-- This function returns the current scope's complete
-- instance path from the root of the simulatione
function get scope

return STRING;

-— Tests the handle and returns TRUE if the handle is valid
-- and FALSE if it is invalid

function is valid handle( handle : in,upf object handle )
return Boolean;

-- Get a handle to a design object (either HDL or UPF created).
-— Returns a valid handle on <success; invalid handle on failure
function get object( inst pakth : STRING;

return upf object handley

-- Returns the kind @f)object that the handle refers
-- to.

-- If the handleSis not valid, ERROR object kind is
-- returned.

function get ebject kind( handle : upf object handle )
return objeet kind;

-- Retyrns TRUE if the kind of object referenced by
-- handle is a supply net, supply port or
—</root_supply driver.

—— Retnrn FAISE otherwise

function is supply kind ( handle : upf object handle )
return Boolean;

-- For a supply kind of object referenced by handle,

-- return the state of that object.

-- It is the caller's responsibility to ensure that

-- the handle passed references a supply kind of object.
-- If the object is not a supply kind, the value returned
-- 1s UNDETERMINED

function get supply state( handle : upf object handle )
return state;

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



https://iecnorm.com/api/?name=279146a979eafb6dff243ad9e1538f49

IEC 61523-4

173 IEEE Std 1801-2013

-- For a supply kind of object referenced by handle,

-- return the voltage of that object.

-- It is the caller's responsibility to ensure that

-- the handle passed references a supply kind of object.
-- If the object is not a supply kind, the value returned
-- 1is -1.0.

function get supply voltage( handle : upf object handle )
return REAL;

-- For a handle that references a supply kind object, sets
-- the net state and voltage of the supply.
—-—- Returns TRUE on success.

FCtLAJ_Ll FALJE Jl_f t‘ll‘C Dut)t,}l_y atc\tc L,Q.J.lllut LC Ct A
-- i1f the object that handle references is not a supply
-- kind of object.

function assign supply state( handle : upf object handle;
state : state := OFF;
voltage : REAL := 0.0,
delay : TIME := 0 ns

return Boolean;

-- Quick checks for the information specified by tHe

-- function name.

-- All functions return TRUE if the information/state

-- specified is true for the object referencéd by handle.
-- Returns FALSE if it is not true or if the jinformation/
-- state being compared or check is not applicable to the
-- kind of object that handle references,

function is supply full on ( handle :, upf object handle )
return Boolean;

function is supply off ( handley;: upf object handle )
return Boolean;

function is supply partial on ( handle : upf object handle )
return Boolean;

function is_ supply undetermined ( handle : upf object handle )
return Boolean;

function is,swpply equal ( handle : upf object handle;
state : state;
voltage : real )

returm Beolean;

-<£/B6th handles shall reference a supply kind of object.
—— Retnrns TRUE if states are the same and if

-- state is not OFF, the voltages are the same.

-— This function does not check the root supply drivers of

-- the supplies or any other connectivity aspects of the supplies

function are supplies equivalent ( handlel : upf object handle;
handle2 : upf object handle )

return Boolean;

-- Assigns the source supply to the destination supply.

-- For purposes of supply net resolution, the destination

-- will be sourced by the same root supply driver as the source.
-- (The source may be a root supply driver.)

-- Returns TRUE on success, FALSE on failure.
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function assign_ supply2supply( destination : upf object handle;
source : upf object handle;
delay : TIME := 0 ns )

return Boolean;

-- Creates a root supply driver than can be used to drive

-- one or more supply nets from within an HDL model of a supply

-- network component (HDL model of a bias generator, for example).

—-- The root supply driver is created within the scope of the parent.

-- The parent and driver name information may be used for error reporting.
-- Returns a valid object handle on success and an invalid object handle
-- on failure.

fuu\,tiu“ \JJ_‘CGlt'CiJ_UUti ut}tJl_yikle_J‘_ <L \
driver name : STRING;
parent : upf object handle )

return upf object handle;
-- Routines to query and set power states on various objecgs.

—-— There can be 0, 1 or many power states defined for a_dgiven
-- object. The iterator provides a mechanism to retrieve a

-- an opaque list handled by the tool.

-- If there are 0 power states, then the handle xetlrned is

-- an invalid handle.

function get iterator for all ps ( handle : upf object handle )
return upf object handle;

-- Returns an iterator referencing all power states of the
-- specified object that are active when the call is made.
—-- The returned handle is invalid 3f\there are no power states
-- defined for the specified handle”or if none of the power
-- states defined are active.
function get iterator for alllactive ps (
handle : upf object handl€))
return upf object handley

-— If there are moreflitems in the iterator, this routine

-— will return the hext item in the iterator.

-— Otherwise, anSinvalid handle will be returned if there

-- are no more'\objects to iterate over or if the iterator is
-- invalid

function iterate( iterator : upf object handle )

return upf object handle;

-- Returns the name of a power state kind of object.
-4 /Ré€turns the null string if the handle does not reference

—— a power state object

function get ps name( power state : upf object handle )
return STRING;

-- For a handle referencing a power state object,

-- return the kind of power state.

-- Returns ERROR if the handle is invalid or does

-- not reference a power state object

function get ps kind( power state : upf object handle )
return power state kind;

-- For a handle referencing a power state object,
-- return the simulation state associated with the power state.
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function get ps simstate( power state
return power state simstate;

upf object handle )

Returns TRUE if the object to which this power state is
attributed is in a state consistent with being in this
power state.

Returns FALSE otherwise
handle is invalid)
function is_active( power state
return Boolean;

(including if the power state

upf object handle )

-- Returns TRUE if the object referenced by handle
Lb J.Jl LIIe pPoOower tdle ITSlelclliced Dy LIe POwceL SLadlc
-— handle. If either handle is invalid, it returns FALSE.
function is_in ( handle upf object handle;
power state upf object handle )

return Boolean;

Set the object to the specified power state.

This function returns TRUE on success.

It returns FALSE on failure.

The function will fail if

-- a. the object is not a root supply set or supply set handle,
-- b. any function of the supply set is associated with an
explicitly declared net.

function set power state( object upfiobject handle;
power state upf object handle;
delay TIME.:% O ns )

or

return Boolean;

Routines to facilitate type cehversion of a supply net state to a

logic value; specifically, «fidgr use in connecting a supply net to a

logic port that is tied

Returns 1 if the suppily
Returns X if the supply
It is up to the user to

high or tied low.

net is ON at any voltage level > 0.0.
net is OFF or PARTIAL ON.
ensure that a proper supply net is

connected to atpower net.
function tie hi~(‘supply net
return std logies

supply net type )

Returpns™\0* if the supply net is OFF.

Returns X if the supply net is ON or PARTIAL ON.

It-3i5 up to the user to ensure that a proper supply net is
connected to a ground net.

fuetion tie lo ( supply net supply net type )

TECUTrIT StdTogITs

end package UPF;

B.4 SystemVerilog UPF package

The following defines the SystemVerilog package for UPF:
package UPF;

// Bit encoding of the state type is provided
// for backward compatibility to UPF 1.0.
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typedef enum {OFF = O,
UNDETERMINED,
PARTIAL ON,

FULL ON} state;

// The provided routines shall be used to ensure

// the HDL code is independent of the details of the supply net
// type implementation. This ensures portability and forward
// compatibility of the HDL.

// The supply net type implementation is openly specified for
// the following reasons:

// 1. Users know how supply net and port values will visually
aprear—Tm—toot oS wave—widows—

// 2. C language access by user or 3rd party tools can depend

// on existing functionality to read and write supply

// values.

//

// Tools implementing this package may optimize the supply~data
// type as long as the 2 items above are preserved and the
// supply value set and get routines are supported.
typedef struct packed {
state state;
int voltage; // voltage in microVolts
} supply net type;

// Types used to navigate and to find UPE @bjects in
// the design hierarchy
typedef chandle upf object handle;

typedef enum {ERROR KIND,
SWITCH, ISOLATION»CELL, LEVEL SHIFTER,
SUPPLY SET, SURRLY NET, SUPPLY PORT,
ROOT_ SUPPLY DRIVER,
LOGIC NET,\[LOGIC PORT,
INSTANCEY
POWER DOMAIN,
UPF,POWER STATE,
ITERATOR,
OIHER } object kind;

// NOTE: _WUNDETERMINED is not defined as a power state kind as
// Tt is replaced during simulation with a determined state
typedefis.enum

{ERROR_PS, OPERATING, ILLEGAL, TRANSIENT} power_state_kind;

fypedef enum
{NORMAL, CORRUPT, CORRUPT ON ACTIVITY, CORRUPT ON CHANGE,
CORRUPT STATE ON CHANGE, CORRUPT STATE ON ACTIVITY} power_state_simstate;

// SystemVerilog does not support subtype definitions
// Therefore, there is no equivalent to the VHDL subtype
// definition of supply kind.

// Voltage is a real value in volts that is converted into

// an integer value normalized to microvolts

// SystemVerilog does not support function overloading by

// input parameter type. Therefore, a 2nd version of functions
// 1is specified.
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function bit supply on( string pad name, real value = 1.0);
endfunction
function bit supply on from handle(
upf object handle supply, real value = 1.0);
endfunction

function bit supply off( string pad name );
endfunction

function bit supply partial on( string pad name, real value = 1.0 );
endfunction

Tunccion supply Net _type get supply value( string name J;

endfunction

function supply net type get supply value from handle(
upf object handle supply );

endfunction

function real get supply voltage( supply net type arg );
endfunction

function bit get supply on state( supply net type. afg );
endfunction

function state get supply state( supply net/type arg );
endfunction

// Routines to navigate and find UPF dbseécts in the design
// hierarchy

// The initial scope shall be thé&\root of the simulation
// which allows access to the téstbench as well as design
// under verification.

// If inst path is valid for” the current scope, then

// the function changesthe scope to that instance.

// The function returns *TRUE on success, FALSE if the

// the scope cannot.b& set as requested.

function bit set.seope( string inst path );

endfunction

// This fungtion returns the current scope's complete
// instafee path from the root of the simulation.
function/string get scope( );

endfunction

/A¥Tests the handle and returns TRUE if the handle is valid

// and FALSE if it is invalid
function bit is valid handle( upf object handle handle );
endfunction

// Get a handle to a design object (either HDL or UPF created).
// Returns a valid handle on success; invalid handle on failure
function upf object handle get object(

string inst path);
endfunction

// Returns the kind of object that the handle refers to.
// If the handle is not valid, ERROR object kind is returned.
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function object kind get object kind( upf object handle handle );
endfunction

// Returns TRUE if the kind of object referenced by

// handle is a supply net, supply port or

// root supply driver.

// Returns FALSE otherwise.

function bit is supply kind ( upf object handle handle );
endfunction

// For a supply kind of object referenced by handle,
// return the state of that object.
F—ts—tire—cartters—resporsttty—to—erstre—tirat
// the handle passed references a supply kind of object.
// If the object is not a supply kind, the value returned
// is UNDETERMINED
function state get supply state from handle (
upf object handle handle );
endfunction

// For a supply kind of object referenced by handle,

// return the voltage of that object.

// It is the caller's responsibility to ensure that

// the handle passed references a supply kind of)object.

// If the object is not a supply kind, the vdlue returned

// is -1.0.

function real get supply voltage from handle( upf object handle handlg
endfunction

// For a handle that references a s0pply kind object, sets
// the net state and voltage of the”supply.
// Returns TRUE on success.
// Returns FALSE if the supplyi‘state cannot be set or
// 1f the object that handl€)references is not a supply
// kind of object.
function bit assign supply state(

upf object handle handle,

state state = OFEF,

real voltage =N0.'0,

time delay #=_0ns );
endfunction

// QuickXMHhecks for the information specified by the function name.
// AllNMudnctions return TRUE if the information/state
// gpeécified is true for the object referenced by handle.
/£/R€turns FALSE if it is not true or if the information/

state being compared or check is not applicable to the
// kind of object that handle references.
function bit is supply full on ( upf object handle handle );
endfunction

function bit is supply off ( upf object handle handle );
endfunction

function bit is supply partial on ( upf object handle handle );
endfunction

function bit is supply undetermined ( upf object handle handle );
endfunction
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function bit is supply equal (
upf object handle handle,

state state,
real voltage );
endfunction

// Both handles shall reference a supply kind of object.

// Returns TRUE if states are the same and, if

// state is not OFF, the voltages are the same.

// This function does not check the root supply drivers of

// the supplies or any other connectivity aspects of the supplies

forctior bt re—supptites—egutvatent—t
upf object handle handlel,
upf object handle handle2 );
endfunction

// Assigns the source supply to the destination supply.
// For purposes of supply net resolution, the destination
// will be sourced by the same root supply driver as the ‘source.
// (The source may be a root supply driver.)
// Returns TRUE on success, FALSE on failure.
function bit assign supply2supply (
upf object handle destination,
upf object handle source,
time delay := Ons );
endfunction

// Creates a root supply driver than,can be used to drive

// one or more supply nets from wighin an HDL model of a supply

// network component (HDL model of & bias generator, for example).
// The root supply driver is c¢reated within the scope of the parent.
// The parent and driver namel\Information may be used for error reporting.

// Returns a valid objecti_handle on success and an invalid object
// handle on failure.
function upf object handle create root supply driver (

string driver name,
upf object han@le parent );
endfunction

// Routing®\to query and set power states on various objects.

// ThereMdan be 0, 1 or many power states defined for a given

// objeet. The iterator provides a mechanism to retrieve a

// &hMopaque list handled by the tool.

/£/Tf there are 0 power states, then the handle returned is
an invalid handle

function upf object handle get iterator for all ps (
upf object handle handle );
endfunction

// Returns an iterator referencing all power states of the

// specified object that are active when the call is made.

// The returned handle is invalid if there are no power states

// defined for the specified handle or if none of the power

// states defined are active.

function upf object handle get iterator for all active ps (
upf object handle handle );

endfunction
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// If there are more items in the iterator, this routine

// will return the next item in the iterator.

// Otherwise, an invalid handle will be returned if there

// are no more objects to iterate over or if the iterator is

// invalid

function upf object handle iterate( upf object handle iterator );
endfunction

// Returns the name of a power state kind of object.
// Returns the null string if the handle does not reference
// a power state object.

= — ] — = T — 12 .
TUITC T IOIT CrrirggccC O Tame T Uop L ooJTCtT anore. power Tace )7

endfunction

// For a handle referencing a power state object,
// return the kind of power state.
// Returns ERROR if the handle is invalid or does
// not reference a power state object
function power state kind get ps kind(

upf object handle power state );
endfunction

// For a handle referencing a power state object)
// return the simulation state associated with’ the power state.
function power_ state simstate get ps_simstate/(
upf object handle power state );
endfunction

// Returns TRUE if the object to which this power state is
// attributed is in a state consistént with being in this
// power state.

// Returns FALSE otherwise (including if the power state
// handle is invalid)

function bit is active( wpf object handle power state );
endfunction

// Returns TRUE if the object referenced by handle
// is in the pow&x\'state referenced by the power state
// handle. If\either handle is invalid, it returns FALSE.

function biE\is in (

upf objéct handle handle,

upf ‘object handle power state );
endfunction

// Set the object to the specified power state.
// This function returns TRUE on success.
// It returns FALSE on failure.
—-- The function will fail if
-- a. the object is not a root supply set or supply set handle, or
-- b. any function of the supply set is associated with an
-— explicitly declared net.
function bit set power state(

upf object handle object,

upf object handle power state,

time delay = Ons );
endfunction
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Routines to facilitate type conversion of a supply net state to a
logic value; specifically, for use in connecting a supply net to a
logic port that is tied high or tied low.

Returns 1 if the supply net is ON at any voltage level > 0.0.
Returns X if the supply net is OFF or PARTIAL ON.
It is up to the user to ensure that a proper supply net is

er|

// connected to a power net.
function logic tie hi ( supply net type supply net );
endfunction
Retturrs—6—f—the—stuppty—rret—ts—O0FF
// Returns X if the supply net is ON or PARTIAL ON.

//
!/

function logic tie lo ( supply net type supply net );
endfunction

dpackage : UPF

It is up to the user to ensure th