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STANDARD TEST INTERFACE LANGUAGE (STIL)
FOR SEMICONDUCTOR DESIGN ENVIRONMENTS

FOREWORD

ising all national electrotechnical committees (IEC National Committees). The object~of
te international co-operation on all questions concerning standardization in the “elect
bnic fields. To this end and in addition to other activities, IEC publishes International §
ical Specifications, Technical Reports, Publicly Available Specifications (PAS) afd, Guides
bd to as “IEC Publication(s)”). Their preparation is entrusted to technical committees; any IEC
ittee interested in the subject dealt with may participate in this preparatory work. Intg
hmental and non-governmental organizations liaising with the IEC also pafticipate in this pr
pllaborates closely with the International Organization for Standardization(ISO) in accord
ons determined by agreement between the two organizations.

brmal decisions or agreements of IEC on technical matters ekpress, as nearly as pog
btional consensus of opinion on the relevant subjects since* each technical comm
entation from all interested IEC National Committees.

ublications have the form of recommendations for international use and are accepted by IEQ
ittees in that sense. While all reasonable efforts are madé.to ensure that the technical contg
ations is accurate, IEC cannot be held responsible for*the way in which they are used ¢
erpretation by any end user.

er to promote international uniformity, IEC National Committees undertake to apply IEC Pu
arently to the maximum extent possible in their national and regional publications. Any d
en any |IEC Publication and the correspending national or regional publication shall H
ed in the latter.

Fovides no marking procedure to indicate its approval and cannot be rendered responsibl
nent declared to be in conformity with;an IEC Publication.

on is drawn to the possibility thatysome of the elements of this IEC Publication may be the
rights. IEC shall not be heldtesponsible for identifying any or all such patent rights.
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of this standard is based on the following documents:

IEEE Std FDIS Report on voting
1450.1(2005) 93/248/FDIS 93/259/RVD
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subject of
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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 committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in
the data related to the specific publication. At this date, the publication will be

° reco

nfirmed,

e withdrawn,
* replaced by a revised edition, or

° ame

nded.
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IEC/IEEE Dual Logo International Standards

This Dual Logo International Standard is the result of an agreement between the IEC and the Institute of
Electrical and Electronics Engineers, Inc. (IEEE). The original IEEE Standard was submitted to the IEC for
consideration under the agreement, and the resulting IEC/IEEE Dual Logo International Standard has been
published in accordance with the ISO/IEC Directives.

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards
through a consensus development process, approved by the American National Standards Institute, which
brings together volunteers representing varied viewpoints and interests to achieve the final product. Volunteers
are not necessarily members of the Institute and serve without compensation. While the IEEE administers the
process and establishes rules to promote fairness in the consensus development process, the IEEE does not
independently evaluate, test, or verify the accuracy of any of the information contained in its standards.

Use of an IEC/IEEE Dual Logo Internatlonal Standard is whoIIy vquntary The IEC and IEEE dlsclalm I|ab|I|ty for

any persqQna A indirect,
consequertial, ce upon
this, or any other IEC or IEEE Standard document.

The IEC ein, and
expressly r fitness

for a spegific purpose, or that the use of the material contained herein is free from’ patent infringement.

The exist ways to
produce, fest, measure, purchase, market, or provide other goods and service§ related to the scofe of the
IEC/IEEE [Dual Logo International Standard. Furthermore, the viewpoint expréssed at the time a stgndard is
approved jand issued is subject to change brought about through developments in the state of thgq art and
comments|received from users of the standard.

Every IE Standard is subjected to review at least every five years{for revision or reaffirmation.| When a
document jis more than five years old and has not been reaffirmed, it-is,reasonable to conclude that its gontents,
although dtill of some value, do not wholly reflect the present state'of the art. Users are cautioned to|check to
determine|that they have the latest edition of any IEEE Standard.

In publising and making this document available, the IEC and IEEE are not suggesting or rendering
professionfal or other services for, or on behalf of, any persef/or entity. Neither the IEC nor IEEE is unflertaking
to perfornm] any duty owed by any other person or entitysxto another. Any person utilizing this, and gny other
IEC/IEEE PDual Logo International Standards or IEEE. Standards document, should rely upon the adyice of a
competen{ professional in determining the exercise:of/reasonable care in any given circumstances.

Interpretafions — Occasionally questions may arise regarding the meaning of portions of standards as thley relate
to specificl applications. When the need for interpretations is brought to the attention of IEEE, the Insjitute will
initiate acfion to prepare appropriate responses. Since IEEE Standards represent a consensus of cpncerned
interests, Jt is important to ensure that<any interpretation has also received the concurrence of a bjlance of
interests. For this reason, IEEE and the ynembers of its societies and Standards Coordinating Commiftees are
not able t¢ provide an instant response to interpretation requests except in those cases where the mptter has
previously|received formal consideration.

Commentyq for revision of IEC/AEEE Dual Logo International Standards are welcome from any interestgd party,
regardlesq of membership affiliation with the IEC or IEEE. Suggestions for changes in documents shojld be in
the form of a proposed change of text, together with appropriate supporting comments. Comments on standards
and requests for interpretations should be addressed to:

Secretary,| IEEE-SA(Standards Board, 445 Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331, USA and/or
General Sgcretarys-lEC, 3, rue de Varembé, PO Box 131, 1211 Geneva 20, Switzerland.

Authorizat|on/to-photocopy portions of any individual standard for internal or personal use is granted by the
Institute of Electrlcal and Electronlcs Englneers Inc prowded that the approprlate fee is pald to opyright
Clearance F F Center,
Customer Serwce 222 Rosewood Drlve Danvers MA 01923 USA +1 978 750 8400 Permlssmn to photocopy
portions of any individual standard for educational classroom use can also be obtained through the Copyright
Clearance Center.

NOTE - Attention is called to the possibility that implementation of this standard may require use of subject
matter covered by patent rights. By publication of this standard, no position is taken with respect to the
existence or validity of any patent rights in connection therewith. The IEEE shall not be responsible for
identifying patents for which a license may be required by an IEEE standard or for conducting inquiries into the
legal validity or scope of those patents that are brought to its attention.
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(IEEE Std 1450™-1999) for Semiconductor
Design Environments
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Test Technology Standards Committee
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IEEE Computer Society
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IEEE-$A Standards Board

Abstrapt: Standard Test Interface.language (STIL) provides an interface between dig
generation tools and test equipment. Extensions to the test interface language (containeq
standalld) are defined that (1) facilitate the use of the language in the design environm

tal test
in this
pent and

(2) faciljitate the use of the\language for large designs encompassing subdesigns with r¢usable

patterns.
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Introduction

The Standard Test Interface Language (STIL) was initially developed by an ad hoc consortium of automatic
test equipment vendors (ATE), electronic design automation vendors (EDA), and integrated circuit (IC)
manufacturers to address the lack of a common solution for transferring digital test data from the generation
environment to the test equipment.

The scope of the initial STIL standard was limited to satisfy the basic needs of pattern definition. Additional

capabili
standard

Wherea

industry}, this standard has been developed by inventing new capabilities in support of hew device
language constructs have been added such that they do not alter in any way) the initial defipition of
STIL, y¢t are syntactically compatible with the initial STIL language.

The new
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Patent
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1es arc developed as separaie projects resuling in separate (dot) extensions to the 1nit
. The scope of this extension is defined in 1.1 and is primarily to address design needs¢

the work to develop and validate these extensions has been done by prototyping on the ps
ting companies.

2 to users

s.ieee.org/reading/ieee/updates/errata/indéx.html. Users are encouraged to check this |
riodically.

retations

interpretations can be.aceessed at the following URL: http://standards.ieee.org/reading/iee

S

n is called to the possibility that implementation of this standard may require use of subje

if any, for this and all other standards® can be accessed at the following URL}

al STIL

the initial STIL standard was developed by reviewing many languages already-in existenge in the

designs.

rt of the
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URL for

e/interp/

t matter
tence or

validity

by patent rights. By publication of this standard, no position is taken with respect to the exi

lofsany patent rights in connection therewith The TEEE shall not be responsible for iddntifying

patents or patent applications for which a license may be required to implement an IEEE standard or for
conducting inquiries into the legal validity or scope of those patents that are brought to its attention.
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STANDARD FOR EXTENSIONS TO
STANDARD TEST INTERFACE LANGUAGE (STIL)
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DESIGN ENVIRONMENTS

1. Overview
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an evolving standard being developed in support of varieus needs for interfacing betw
pn tools and test equipment. IEEE Std 1450-1999 (STIL0) B3] forms the basis for this ey
t” standards (like this one) are being developed to address specific needs beyond STIL.O.

IL.1) standard addresses design-related aspects of‘digital test data. This standard can also bg
Idition of advanced features to the STIL.0 baseline to allow for the usage of STIL in more

ons, while leaving the basic standard unchanged as a vehicle for transmitting basic test d|
g is a brief overview of the new features in STIL.1 to support advanced applications
bdded cores,” (2) families of test patterns, (3) mapping to automated test equipment (ATE) s
ping to simulation, and (5) deviees with advanced design for test (DFT). Please see Annex
ecific statements for each of thesé features.

ment mapping: Data fora device exist in many forms and in many other software envird
s include (1) simulatien environment, (2) static analysis environment, (3) specific ATH
ment. The STIL (Eavironment block is a new mechanism to relate STIL data to the
ments. No assumptions, expectations, or limitations are imposed on the other environments.
relating on¢to the other.

erized data: Much of STIL data are declarative in nature (i.e., it defines various static attrib!
r pattetn set). The addition of constant declarations, IntegerConstant and WFCConstant,

cen test
olution.

viewed
omplex
ata. The
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O for a

nments.

system
ke other
[t is just

ites of a
hllows a

data set

o be created that applies to a family of devices

Complex test protocol definition: Test protocol definitions are usually contained in STIL procedures or
MacroDefs and are used to specify the application of a series of data values to a device. STIL.O supports
scan chain data passing and simple WaveformCharacter (WFC) data passing via the # and % characters.
STIL.1 enhances this capability by allowing the use of data substitution from SignalVariables and integer-

"The numbers in brackets correspond to those of the bibliography in Annex P.
“This standard contains syntax in support of embedded cores. See IEEE Std 1450.6™-2005 (Core Test Language) [B5]
for the complete specification.

3This standard contains syntax in support of ATE systems. See IEEE P1450.3™ (Test Resource Constraints) [B4] for the
complete specification.
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Complex test protocol definition: Test protocol definitions are usually contained in STIL procedures or
MacroDefs and are used to specify the application of a series of data values to a device. STIL.0O supports
scan chain data passing and simple WaveformCharacter (WFC) data passing via the # and % characters.
STIL.1 enhances this capability by allowing the use of data substitution from SignalVariables and integer-
expressions. STIL.1 also enhances the functionality of Loops and Vectors and adds If/While decisions on
pattern statements. These capabilities are needed for BIST, embedded cores, and various test access
mechanisms.

Advanced scan architecture: Advanced DFT techniques require additional capabilities beyond what is
defined in STIL.0, which includes multistate scan cells, reconfigurable scan-chains, and scan-chain
indexing.

Run-time pattern decisions: The If, Else, While, and LoopData are new STIL.1 constructs that have been
added fgr specification of pattern activity. These statements are needed in the specification of pattefns to be
run in the simulation environment. Although there is no standardization among ATE systems on fun-time
instructions for pattern execution, it is anticipated that restricted versions of thes€)statements| will be
incorpofated into ATE test patterns.

Pattern purst options: New variations on the PatternBurst have been added to‘allow for patterns running in
parallel patterns running in LockStep, and patterns that can be reordered For+parallel pattern execution, the
specificqition for how the patterns fit together can be specified with the Rixed and Extend statementy.

Enhancéd user extensibility: The UserKeyword extensibility defined in STIL.0 has been extended [to allow
keywordls to be defined on a per-block-type basis.

Signal felationships: Additional syntax is provided tovallow the specification of relationships [between
signals. [This process is preformed via \m to map WECS to another WFC, \j to join WFCs, Extend {o define
behaviof of signals beyond the bounds of a given pattern, and Fixed to restrict any further changes tp signals
within a pattern.

Fail feeglback: Three new features are.added to facilitate the processing of failure data from an ATE system
back to fdesign tools. The first is the/X or cross-reference statement that allows the specification of where in
a patterp/vector sequence a failure occurs. The second is the FailFeedback block for reporting fgils. The
third is the S/s timing event that*allows for the specification of a data capture protocol for the pufrpose of
capturinig bulk fail data for-processing.

1.1 Scppe

Structurps sare) defined in STIL to support usage as semiconductor simulation stimulus, ihcluding
(1) mapping-Signal names to equivalent design references, (2) interface between scan and built-in|self test
(BIST) and the logic simulation, (3) data types to represent unresolved states in a pattern, (4) parallel or
asynchronous pattern execution on different design blocks, and (5) expression-based conditional execution
of pattern constructs.

Structures are defined in STIL to support the definition of test patterns for sub-blocks of a design4
(i.e., embedded cores) such that these tests can be incorporated into a complete higher level device test.

Structures are defined in STIL to relate fail information from device testing environments back to original
stimulus and design data elements.

4Syntax in this document that is used in the definition of patterns for sub-blocks is summarized in Annex O.
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1.2 Purpose

The STIL language definition is enhanced to support the usage of STIL in the design environment, which
includes extending the execution concept to support STIL as a stimulus language, to allow STIL to be used
as an intermediate form of data, and to allow STIL to capture design information needed to port simulation
data to device test environments.

In addition, define extensions to support the definition of subelement tests and to define the mechanisms to
integrate those tests into a complete device test. This effort is to be performed in conjunction with
IEEE Std 1500™-2005 [B6] and IEEE P1450.6 [B5], which are defining standards for the definition and
integration of embedded cores.

Finally,|define the constructs necessary to correlate test failure information back to the design envillonment,
to allow] debug and diagnosis operations to be performed based on failure information in STIL formjat.

2. Deflinitions, acronyms, and abbreviations

2.1 Definitions

For the purposes of this standard, the following terms and definitions\apply. Additional terminology] specific
to this sfandard is found in Annex A. The Authoritative Dictionaty of IEEE Standards Terms [B1] should be
referenged for terms not defined in this clause.

2.1.1 apitomated test equipment (ATE): It refers(to” a tester that is capable of interfacing to a
semicorjductor device and executing test pattern data‘that is imported from a STIL file/stream.

2.1.2 byilt-in self-test (BIST): A design practice in which test logic is incorporated into the circditry of a
semicorjductor device. This circuitry may, provide completely autonomous testing of a device (i.e.| without
any reqgiirement of a tester). It may be such that stimulation by an external tester is required; howgver, the
STIL file may be substantially diffefént from a device without this circuitry incorporated.

2.1.3 core: A component ormodule that contains separately developed functionality, integrated info a chip
to provifle additional overall\functionality. See also: System on Chip.

2.1.4 elgctronic design automation (EDA): The set of software tools that are used for the degign and
creation| of semidonductor chips. It includes the software tools that create the test patterns for the chips,
which afe oftenireferred to as automated test pattern generators (ATPGs).

2.1.5 Stand

andard Tes acela ase(S 30-1999,
and all dotted extensions, including this one.

2.1.6 System on Chip (SoC): An integrated circuit containing modules that are designed/integrated such
that they can be tested independently and have associated test patterns for each module.

2.1.7 WaveformCharacter (WFC): A symbol used for referencing waveforms.

NOTE—See Annex A

SNotes in text, tables, and figures are given for information only, and do not contain requirements needed to implement
the standard.
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2.1.8 WaveformTable (WFT): An STIL block statement used to define waveforms across multiple signals
and WFCs.

NOTE—See Annex A.

2.1.9 WaveformGenerationLanguage (WGL): A proprietary standard that was, in part, used as the basis

for STIL.O.
2.2 Acronyms and abbreviations
ATE automated test equipment
BIST built-in seli-test
DFT design for test
DUT device under test
EDA electronic design automation
STIL Standard Test Interface Language
STIL|0  IEEE Std 1450-1999 [B3]
STIL{1  this standard
WEC| WaveformCharacter
WFT WaveformTable
WGL WaveformGenerationLanguage
3. Structure of this standard

This stapdard is an adjunct to STIL.0. The conventions established and defined in STIL.O are use]
standard and are included verbatim.

Many clauses in this standard add additional constructs to existing clauses in STIL.0 and are so ideq
the title
are northative. Example code is provided within each clause. More complete examples are provid
annexes} which are informative.

The follpwing is a copy of.the conventions as defined in STIL.0 and adhered to in this standard.

Different fonts are-used as follows:

$MALL CAP TEXT indicates user data.

The Environment block is anew construct introduced in this standard. All clauses in this

d in this

tified in
standard
bd in the

fourier text indicates code examples.

In the syntax definitions

a)
b)
c)
d)
e)
f)
g)

SMALL CAP TEXT indicates user data.

Bold text indicates keywords.

Italic text references metatypes.

() indicates optional syntax that may be used zero or one time.
()+ indicates syntax that may be used one or more times.

()* indicates optional syntax that may be used zero or more times.

<> indicates multiple-choice arguments or syntax.
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In the syntax explanations, the verb “shall” indicates mandatory requirements. The meaning of a mandatory
requirement varies for different readers of the standard:

To developers of tools that process STIL (readers), “shall” denotes a requirement that the

standard

imposes. The resulting implementation is required to enforce this requirement and issue an error if

the requirement is not met by the input.

To developers of STIL (writers), “shall” denotes mandatory characteristics of the language. The

resulting output must conform to these characteristics.

To the users of STIL, “shall” denotes mandatory characteristics of the language. Users may depend

on these characteristics for interpretation of the STIL source.

The language definition clauses contain statements that use the phrase “it is an error” and §it|may be

ambigu
phrases
here in

us.” These phrases indicate improperly defined STIL information. The interpfetation
will differ for the different readers of this standard in the same way that “shall’-différs, as i
the dashed list.

4. STIL syntax description

This clajise defines extensions to STIL.O, Clause 6.

All congtructs and restrictions for STIL.0, Clause 6 are in efféct here, with the following additions:

— V.

— V.

— V.

this standard.

this standard.

this clause.

pf these
Hentified

A\dditional STIL reserved words are defined (S¢e Table 1) for the top-level blocks specified within

A\dditional STIL reserved characters are defined (see Table 2) for the new characters specifigd within

A\dditional definition of sigmal}and group naming, as well as name space resolution, is prgvided in

— Extensions to the expréssion environment are defined in this standard. Expression definitionf (which

4.1 Reserved.words

Table 1

ists“all STIL reserved words defined by this standard. Only top-level block names that ar

nre part of Clause\S in STIL.0) are now specified in a separate clause (Clause 6 in this standard).

defined

in this standard are added to the STIL reserved word list. New keywords that appear inside of top-level
blocks are not restricted from usage in other contexts outside of the definition of that keyword. No change to
reserved words as defined in STIL.0 is made by this standard.

Table 1—Additions to STIL reserved words

Environment

PatternFailReport, Pragma

Variables
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4.2 Reserved characters

Several reserved characters identified in STIL.O are applied in additional contexts for this standard. Table 2
lists additional STIL reserved characters defined in this standard as well as additional contexts of previously
identified reserved characters. No change to reserved characters as defined in STIL.0 is made by this
standard. New reserved characters are so indicated in column two. All other characters in this table have
extended capability beyond that defined in STIL.O.

Table 2—Additions to STIL reserved characters

Newein
Char STIL A Usage

! exclamation (NOT sign): An inversion operator in expressions

% percent sign: Is used as the modulus in expressions and for parameter passinjg
to procedures and macros

( parentheses: Are used in expressions

* multiply: Is used in expressions

+ add: Is used in expressions

- subtract: Is used in expressions

& YES and: Is used in expressions

| YES or: Is used in expressions

A YES xor: Is used in expressions

~ YES bit-wise negation: Is @Sed in logic expressions
error return value:\s used when \W has no WFC chars to return

< less than: [s used in integer and real expressions

> greater-than: Is used in integer and real expressions

<f¥ less than or equal to: Is used in integer and real expressions

>F greater than or equal to: Is used in integer and real expressions

=F equal to: Is used with pattern data expressions (i.e., to compare strings of
WECs)

15 not equal to: Is used with pattern data expressions (i.e., to compare strings o
WECs)
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Table 2—Additions to STIL reserved characters (continued)

New in
Char STIL.1 Usage

== YES equal to: Is used with integer and real expressions (i.e., to compare integer or
real numbers)

<> YES not equal to: Is used with integer and real expressions (i.e., to compare integer
or real numbers)

7 conditional: Is used in expressions

= assignment: Is used in signal variable expressions, vector data, group name
definitions, spec category expressions, and spec variable expressions

= YES assignment: Is used in integer and real expressions

_ YES underscore: Is used as a separator in integer values
dot: Is used to designate macro and procedure calls in FailPata/block
colon: Is used to designate subcomponents of a design(i.e>,; embedded cores

YES double colon: Is used to designate a domain referenee’in expressions

brace, asterisk: Is used to designate a block of\data in the case of Pragma
(same as delimiters used for annotation blecks)

4.3 Resserved UserFunctions

The usef function names in Table 3 are reserved for use\in expressions.

Tabley3—UserFunctions

New in
Name STIL.1 Usage

min function: Is used in integer or real expressions to return the minimum valge
from a list of values (as defined in STIL.0).

max function: Is used in integer or real expressions to return the maximum valfie
from a list of values (as defined in STIL.0).

MergedScan YES function: Is used in patterns to test whether scan in/out data have been mefged.
See 16.5.
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4.4 Signal and group name characteristics

This clause defines extensions to STIL.0, Subclause 6.10.

All constructs and definitions in STIL.0, Subclause 6.10 are in effect. In addition, signals expressed with a
bracketed construct shall allow the use of a previously declared integer-constant, in which integer values are

allowed. See 5.1 for the definition of IntegerConstant.

4.5 STIL name spaces and nhame resolution

Additions to STIL.0, Subclause 6.16.

The Enyironment block augments the STIL name space as defined in Table 4. This table is incfen
STIL.0,|Table 6; all definitions present in that table remain unchanged.

hental to

Variablg names and constant names are used by expressions. This name space also contdins signa] names,
signal group names, and spec variables defined for the context of that expression{-Reéferenced yariable-
names shall be unique against all signal names, signal groups names, and spec variable names defifed for a
PatternBurst or application of a Pattern referenced by that PatternBurst.
Table 4—Additions to STIL nhame spaces
STIL block Type of name Domain restrictions
Enyironment Environment domain names Supports-a single unnamed block and domain namg¢d
bleck$. Domain names shall be unique across all
Eagvironment blocks.
Vaifiables Variables domain names Supports a single unnamed block and domain namgd
blocks. Domain names shall be unique across all
Variables blocks.
Vaifiables, Signal names Names present in this name space are dependent of
Sighals, SignalGrouprnanies the domain reference statements in the PatternBurgt
SighalGroups, Signal Variable‘names (SignalGroups domains, Variables domains) and tHe
Spdc Spec vafiable names PatternExec (Category domains).
Integer'names It is an error for defined Variable or Constant name} to
IntegerConstant names conflict with Signals, SignalGroups, or Spec variable
WECConstant names names accessible in the same context.
ScgnStructures ScanCell names Names present in this space are dependent on the
ScanChain names (also used domain reference statements for ScanStructures in|the

for scan segments and cell
groups)

PatternBurst. Scan cell names, scan chain names, gnd

cell group names in this common name space are

unique except if an unnamed ScanStructures block

AL - DT I
CALSLS. INAIITS PITCSTHU T Il U A HICU UIOUK - dIT

available unless hidden by a definition of the same

name in a named and referenced ScanStructure block.
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5. Expressions

This clause defines extensions to STIL.0, Clause 6.

STIL.O defines a limited usage of expressions; see STIL.0, Subclause 6.13 and Subclause 6.14. This standard
extends these expression capabilities with additional variable types (Signal Variable, Integer, IntegerConstant,
WFCConstant) and additional expression constructs. The use of operators and the expression constructs as
defined for STIL.O is unchanged. The full set of STIL.0 and STIL.1 expression operations are defined in

Table 7.

5.1 Co

The detail of syntax and usage of the new expressions are defined in 5.1 — 5.13.

nstant and variable expressions

Express

completely resolved at parse time (i.e., constant expressions) and those that can only be resolved at

(i.e., vai

Constanft expressions are those that contain only literal values (e.g., ‘5ns’ or ‘10n$”), or named d

(e.g., SH

expressions can be fully resolved once the STIL file/stream has been fully parsed and the domain re
have begn resolved. Constant expressions can be used anywhere that th&\syntax definitions allow

value. T

(3) enhanced reuse, and (4) improved maintainability.

Variablg
variable
support

Both co
data exg

5.2 Ex

Single g
with thd
with all
followir]

a)

on constructs (which are defined in 5.2 — 5.13) can be divided into two classes: these_thg

iable expressions).

ec-Variable, IntegerConstant, and WFCConstant). As in STIL.O, statements that contain

he use of constant expressions provides for (1) improved readability, (2) parameterized S'l

expressions is intended primarily to support “design® applications. The ability of an ATE s
variable expressions may be limited, if possibleatall.

hstant and variable expressions can be fukther classified into “arithmetic expressions” and
ressions.” The allowed constructs of each of these expression types are defined in 5.2 — 5.1

pression delimiters—single quotes and parentheses

uotes are defined in STID.O as the delimiter to be used around expressions. This usage is un
introduction of new expression capabilities in STIL.1, and a STIL.O file is completely co
STIL.1 rules. However, the rules governing the use of single quotes and parentheses are rela
g rules apply toithe use of single quotes in STIL.1:

Single quotes, when used, are always the outermost symbols of an expression.

' T2+5ns’ // timing expression
#STG1+SIG2+SIG3’ // signal group expression

t can be
Fun time

onstants
constant
ferences
a literal
1L data,

expressions are those that contain named variables,.such as SignalVariable and Integer. Tle use of

stem to

“pattern
B.

changed
mpatible
ked. The

b) Assignment and boolean operators shall not be used 1nside a single-quoted expression.

v { "INT := INT+5'; } /illegal
If 'INT :== 5’ { } /illegal

c)  Single quotes shall not be nested.

V {'BUS[1..'K+1']" = XXX; } /illegal - nesting of quotes

d) Wherever expressions are allowed, a single token may be used without delimiters. A single token

may be a literal value, a named constant, or a named variable.

Vv { INT := '5'; }  //singletoken with quotes
Vv { INT := 5; }  //single token without quotes
v { INT1 := INT2; }  //single token without quotes
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Wherever expressions are allowed, they may be represented without delimiters, with the exception
that if a multiterm expression is within a complex data stream, then the delimiters are required.
Examples of cases in which delimiters are required are shown in the later examples, using

parentheses.
v { INT := "INT+1’; }
v { INT := INT+1; }
Parentheses may be used inside a single-quoted expression.
Vv { INT := ' (INT+1)*2’; }
v { ' (GRP-SIG)+SIG’ = 00001; } // make SIG the last WFC in the list

Parentheses are the preferred method of delimiting expressions in STIL.1. Parentheses can be used around
lle expression or inside the expression to specify the order of processing. The following rules|apply to

the enti
the use

)

h)

i)

k)

)

f parentheses:
Parentheses are allowed anywhere that single quotes are allowed in STIL.0.

v { (SIG1+SIG2) = XX; }
01 { (T2+5ns) D/U; }

Assignment expressions may be constructed with or without the use of’delimeters.

v { INT := INT+1; }

v { INT := (INT+1); }

v { (INT := INT+1); }

V { INT := (X+2)*2; } // parens requiredito-define order
vV { SIG1+SIG2 = XX; }

Vv { (SIG1+SIG2) = XX; }

Vv { (SIG1+SIG2 = XX); }

Parentheses are not required to delimit boolean expressions; however, in practice,
commonly used.

If (\W(A+B) == \wxx) {4

If \W(A+B) == \wxx { }

If (\WGRP != \w\r (K&12) x) { }
If \WGRP != \w\r(x¥12) X { }

Parentheses may be nested.

Vv {sIG = \x{(x+12) X; }
If (\WBUS[¥! . (K-1) != \wxxx) { }

Parentheses/are-used to delimit parameters to functions within expressions.
V {\INT := Min(X,Y); }

[f a ultiterm expression is within a complex data stream, then delimiters around the expre
required.

SIG1 + SIG2 = XX;
\W(SIGl + SIG2) == XX; // parens required
AB { 2ns D/U; }

AB { TIM D/U; }

AB { (TIM + 2ns) D/U; } // parens required

v { GRP = \r2 X YZ; }

Vv { GRP = \rTWO X YZ; }

V { GRP = \r(TWO+1) X YZ; } // parens required

v { GRP[5 9] = XX; }

Vv { GRP[K5 K9] = XX; }

V { GRP[(KK+5) (KK+9)] = XX; } // parens required

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

hey are

sion are


https://iecnorm.com/api/?name=581060a3120d30ba571337402d58a6f8

IEC 62526:2007(E) ~19-
IEEE 1450.1-2005(E)

5.3 Arithmetic expressions—integer, real, time, boolean

Arithmetic expressions are used in various STIL statements. In the statement syntax definition within this
standard, the reference identifiers, integer_expr, real_expr, boolean_expr, and time_expr, indicate that an
arithmetic expression is expected, and they signify the expected output from the expression evaluation. It is
allowed to use an arithmetic expression anywhere a literal arithmetic value is allowed as long as it contains
only constants and literals. This subclause defines the common rules for all arithmetic expressions.

Arithmetic expressions use the following operators:

— = assignment operator

— freomditiomatoperator

— == compare for equality; return integer 1 if equal; else return 0

— > compare for inequality; return integer 1 if not equal; else return 0

— < compare less than; return integer 1 if less; else return 0

— ¥ compare greater than; return integer 1 if greater; else return 0

— &= compare less than or equal to; return integer 1 if less or equal; else/teturn 0

— P=compare greater than or equal to; return integer 1 if greater or’equal; else return O
The ong exception to the use of := for integer assignments is¢nthe Spec block. For compatibility with
STIL.0,[it is allowed to use either a bare ‘=" or the ‘:=’ in thisCentext.
Arithmgtic expressions use the following operands:

— Integer, IntegerConstant that are in scope acedrding to the Variables context

— $pec variables that are in scope according\to the Category selection

— Timing event labels when used inside’a Timing block as defined in STIL.0

— Literal integers, real numbers, and engineering numbers

Pairs offsingle quotes are used_as delimiters in arithmetic expressions according to the rules as d¢fined in
STIL.O.|It is not allowed tO hest single quotes, and the usage should be limited to simple exyressions
(e.g., “TR+5ns’). Some statements require that delimiters always be used around expressions, even When the
expression is a singlediteral value or name. If not so stated in the statement definition, then single ¢perands
may be psed without(any delimiters.

Paired parentheses are the preferred method of delimiting expressions in STIL.1. Parentheses can|be used
around 1he entire expression or inside the expression to specify the order of execution.

Multiple assignment operators are not allowed in an arithmetic expression:

v { INT1 := INT2 := 0; } // illegal use of multiple assignment operators

The following examples are of keyword identified expressions:
Loop 50 {}
ScanLength 100;
Loop K+5 {}
Loop 'K+5’ {}
Loop (K+5) {}
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The following examples are of assignment expressions:

Condition { INT := 5; }

v { INT := 5; }

¢ { INT := 5; }

¢ { INT := INT + 1; }

¢ { INT := K; }

¢ { INT := (INT:==0) ? 99 : INT-1; )

The following examples are of boolean expressions:
If (INT :==6) { }
If (INT >= K*2) {
If (INT > SPEC)
)
)

If (SPEC < 250ns
While (INT <> 13

}
}
{3
{3

The follpwing example is of an arithmetic expression within a pattern data expression:

V { GRP[1..(K+1)] = \r(K+1) X; }

5.4 Pattern data expressions

Wherea$ arithmetic expressions operate on numeric data, pattern'data expressions operate on lists of WFCs.
To differentiate the two, a different set of operators is used:

— ¥ assignment operator

— F= compare for equality; return integer 1 if equal; else return O

— |= compare for inequality; return integer 1 4f not equal; else return O
— 1: conditional operator

— The pattern data operators that are preceded with a backslash (see Clause 15)

Pattern ¢lata expressions use the following operands:
— $ignals
— $ignalGroups thatlare in scope according to the PatternBurst context
— Literal lists off WFC’s
— $ignalVatiables and WFCConstants that are in scope according to the Variables context

— Formal parameters from Procedures and Macros

Single UotlcsS dic ubcd S dCiillliLClb i[l pdatlcin ddld CAPICbbiUllb dbbUlL‘lillg o LhC Iuicb > dCfiIlCLi ill STILO
It is not allowed to nest single quotes, and the usage should be limited to identifying signal groups
(e.g., ‘SIGA+SIGB,” ‘BUS[1..10]’). Some statements require that delimiters always be used around
expressions, even when the expression is a single literal value or name. If not so stated in the statement
definition, then single operands may be used without any delimiters.

Unlike arithmetic expressions, parentheses are not to be used on pattern data assignment expression.
Assignments should be of the form: TWOSIGS=XX; or ‘SIGA+SIGB’=XX;. Parentheses may be used
when needed to control order of evaluation as in the following: ‘(XBUS-XBUS[5])+YBUS’=11110000;.

Multiple assignment operators are not allowed in pattern data expressions:
v { SIGl = SIG2 = X; } //illegal - use of multiple assignment operators

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



https://iecnorm.com/api/?name=581060a3120d30ba571337402d58a6f8

IEC 62526:2007(E)

—-21-

IEEE 1450.1-2005(E)

The following examples are of pattern data assignment expressions.

v { SIG = X; }  /assigna WFC to a signal

V { GRP = XXXXXX; } // assign WFCs to a signal group

Vv { SIGVAR = XXX; }  /assign WFCs to a signal variable

V { GRP[5..6] = XX; }  //selective assign of WFCs

v { 'A+B+C' = XXX; } // assign WFCs to multiple signals

Vv { SIGVAR = \W SIG; } // assign WFC from a signal to a variable

v { SIG = \W SIGVAR[3]; } // assign WFC from a variable to a signal
v { GRP = \W HALT; } // assign a WFC-const to a signal group

V { GRP[1..12] = \W SIGVAR[1..4] XXXX \W SIGVAR[5..8]; }

The following examples are of pattern data boolean expressions. Note the use of \W on both sides of the

erator is
FC data
.

expression. The \W operators is required to indicate that WFC data are being compared. The \W,op
used to jextract WFC data from a named entity. The \w operator is used to indicate that literalyW
follow. Note also that when literal WFC data are used, it may appear on either side of the exptessio
If (\WSIGVAR[6..5] == \wxX) { }
If (\wXX == \WSIGVAR[6..5]) { }
If (\WSIGVARL != \WSIGVAR2) { }
The follpwing example is of a pattern data expression inside an arithmetic expression:
Vv { INT := (\WGRP==\w010) ? 1 0; }
The follpwing complete example of statements contains both arithihétic and pattern data expression|
1: STIL 1.0 { Design 2005; }
2: Hegder (
3: Source "STD 1450.1-2005";
4: Ann {* sub-clause 5.4 *}
5: }
6: Signals { S[1..4] In; }
7: SignalGroups { SIGGRP = ’'SJ[d). .4]1'; }
8: Variables {
9: IntegerConstant RUNM~:= 0;
10: IntegerConstant EXIT := 1;
11: IntegerConstant LOAD := 2;
12: IntegerConsfant UNLOAD := 3;
13 Integer CMD; // use values RUN, EXIT, LOAD, UNLOAD
14 : Integer INT;
15: Integér-HEX {Initialvalue 0x1000;}
16 Integer CC;
17 Integer DD;
18 S8ignalVariable SIGVAR1[1..4];
19 Wrecorstart—SToP=06-
20: WFCConstant GO=01;
21: WFCConstant RESET=10;
22: SignalVariable SIGVAR2[1..2]1; / usevalues STOP, GO, RESET
23: }
24: Spec {
25: Category CAT {
26: TIME = '25ns’;
27: }
28: }
29: Pattern PAT ({
30: ¢ {INT := 1;}
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31: If (INT) {} Else {} // Execute the If block, INT is True

32: ¢ { INT := 0; }

33: If (INT) {} Else {} // Execute the Else block, INT is False

34: If (INT :== 956) {} // a boolean expression

35: If (TIME >= 20ns) {} // a real number in engr units

36: If (CcC <= DD) {} // test for CC less than or equal to DD

37: If (INT < min(cc,DD)) {} // use of the min function

38: ¢ {INT := 5;} // set variable INT equal to 5

39: ¢ {CcMD = \W RUN; } // set using constant definition

40: C {HEX := OxFF;} // set integer to 255

41: If (CMD <> LOAD) {} // integer compare to a constant

42: C—INT T=INTFIT} 77/ imTeger expression

43: C {SIGVAR1 = LHO1;} // set signal variable to the string LHO1

44 : V {SIGGRP = \WSIGVARL;} // set signals equal to a variable

45: If (\WSIGVAR2 == \WSTOP) {} // compare with a constant

46: If (\WSIGVAR2 == HH) {} // compare with a WFC list

47: }|// end pPattern

5.5 Expression processing

This sufjclause defines the rules for evaluating expressions. Please refet to 5.6 — 5.12 for the definiti
expression types.

Expressjons are built up in a hierarchical manner; internal Subexpressions are processed, and they
are used in the next level of the hierarchy. A subexpression is legal expression syntax that is use
another jexpression. The only distinction between an expression and a subexpression is that a subex]
is a partfof another expression.

At the Jowest level are the primitive terms¢(Table 5). A primitive term used by itself represent:
expression. Each primitive term represents”a value and a type. In some cases, the value may
determipable until run time. In all casésjthe type is determinable when the STIL file/stream is parsq

Subexpgessions may be combined-with operators to form subexpressions at the next higher lev

expressi
with the
the STII

on hierarchy. Like the'primitive terms, each subexpression represents a value and a type.
primitive terms, the,value may not be determinable until run time, but the type is determinal
L file/stream is parsed.

n of the

in turn,
d within
pression

a legal
not be
d.

] in the
And, as
le when
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Table 5—Primitive terms

Term Type Example—Comment
Integer numeric 5, 1066
Hex integer numeric OxFFFF, 0x123
SI units numeric 2mV, 25ns
—SI units are defined in Table 3 and Table 4 of
STIL.O
Real numeric 2e+3, 4.5¢6, 25¢-9
Time event reference numeric @, @], @@, @TI, @TI.1
—used in the context of a Timing->Waveform bleek
Time label numeric TXX:
—used in the context of a Timing->Waveform-block
Signal sigref NAME, “NAME”
Signal group
Signal WEC list \WNAME, \W NAME, \W ‘NAME”
Signal group —use \W to extract the WFC list fom the named entity
Signal variable
WEC constant
String WEC list 10HLXT, \w 10HLXT, \hO1 FF, \dO1 255

—the \ is required with the boolean operators (== <>)
—the dot netation for concatenation is neither
required-or allowed in WFC data; a whitespace
character-shall serve as separator for WFC lists of
greateér than 1024 characters

Integer list

integer list

1359
—an ordered set of integers, typically used in the
formation of signal groups and scan chains

Bare string

string

STRING, “STRING”, “STRING WITH SPACES”,
“STRING WITH SPECIAL CHARS @$%"”
—used to reference named entities

Concatenated string

string

XXX.YYY yields XXXYY
—used when a string is greater than 1024 characters

Domain referehee

string

DOM:NAME

—used to reference an item within a named block, i.e.,
within a named SignalGroups, Timing, or
ScanStructures block

Subcomponent reference

string

COMP:NAME, COMP:DOM::NAME

=y £, M L s £ = | +
oStV eaTor e e g SHoCOMPORCHtS O aCSIgh

(i.e., embedded cores)

boolean

—a boolean type is the result of a boolean operation,
i.e., ==, :==, ! (see Table 7)

—integer 0 is returned for a boolean true result, and
integer 1 for a boolean false result

—the values TRUE and FALSE are not defined
—there is no variable type for boolean
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Table 6 defines implicit casting rules that are allowed on an expression to change a number from one type of
primitive term to another. The casting rule shall be used when necessary to (1) conform to the requirements
of the next level of hierarchy, (2) conform to the requirements of the statement containing the expression, or
(3) compare a real to an integer number.

Table 6—Implicit numeric casting rules?

Term Cast to Comment
SI units real —used when expression requires a real number
1 Tt A | L + M Tt 1
reat thteger tsed-whenexpresstonregtiresantnteger-ratte
—the fractional part is truncated; i.e., 3.7 yields 3
integer real —used when comparing an integer to a real number
integer boolean —used when expression requires a boolean value
—value of 1 or greater yields TRUE
—value of 0 or negative yields FALSE

4If the required behavior is different from the implicit type casting rules, then explicitcasting should be
performed via user functions.

Table 7 [is expanded from Table 5 of STIL.O and includes the newSTIL.1 operators. The behavigr of the
logic oglerators is defined in IEEE Std 1364™-2001 (Verilog)[B2]. This table is ordered by prefedence.
Operatofs within each double-line separated group are of équal precedence and are processed from left to
right. Each double-line separated group of operators has higher precedence than the groups below them and
shall be|processed first.

Table 7—Operators and functions allowed in expressions

N\ Number Requirements of
Openator New Definition 4 Type of the gesult
operands operands
Min () minifitym value >=1 all of same numeric same as opergnds
function type
Max [ ) maximum value >=1 all of same numeric same as opergnds
function type
) parentheses 1 any same as operdnd
[] square brackets 1 integer or integer list integer list
’ COTTITA - USed as amn Yy Same as operands
argument separator in
functions
! STIL.1 negation (unary) 1 boolean or sigref same as operand
~ STIL.1 bit-wise negation 1 integer same as operand
(unary)
+ plus (unary) 1 numeric same as operand
- minus (unary) 1 numeric same as operand
/ divide 2 numeric numeric, SI units
adjusted per rules
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Table 7—Operators and functions allowed in expressions (continued)

Operator New Definition Number Requirements of Type of the result
operands operands
* multiply 2 numeric numeric, SI units
adjusted per rules
% STIL.1 modulus 2 integer integer
+ add 2 same numeric type same as operands
- subtract 2 same numeric type same as operand
+ concatenate signal list 2 signal or signal group signal group
- remove from signal list 2 signal or signal group signal @roup
integer range (two 2 integer integert list
consecutive dots)
STIL.1 whitespace 2 integer or integer list integer list
< STIL.1 less than 2 same numeric type. boolean
> STIL.1 greater than 2 same numeric type boolean
<= STIL.1 less or equal 2 same.gumeric type boolean
>= STIL.1 greater or equal 2 sande numeric type boolean
== STIL.1 equal (WFC) 2 WEC list boolean
1= STIL.1 not equal (WFC) 2 WEC list boolean
== STIL.1 equal (numeric) 2 same numeric type boolean
< STIL.1 not equal (numeric) 2 same numeric type boolean
& STIL.1 bit-wise and 2 integer or sigref same as opergnds
A STIL.1 bit-wise exJusive or 2 integer or sigref same as opergnds
A~ STIL.1 bit-wise equivalence 2 integer or sigref same as opergnds
| STIL.1 bit-wise inclusive or 2 integer or sigref same as opergnds
&& STIL.1 and 2 boolean boolean
Il ST or boolean boolean
7 conditional expression 3(172:3) 1: boolean same as opergnds
2,3: same type— 2,3
numeric or WFC list
= assignment (WFC) 2 —Ileft: must be a name WEC list
of a symbol that can be
assigned WFCs
—right: a WFC list
= STIL.1 assignment (numeric) 2 —Ileft: must be a name same as second
of a symbol that can be | operand
assigned to same type
—right: any numeric
type
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5.6 Boolean—boolean_expr

An expression is interpreted as a boolean if the context in which it is used requires a boolean result. A
boolean result can be achieved by means of the boolean operators. For pattern data expressions, the boolean
operator shall be either == or !=, and both sides shall be of type WFC (i.e., a list of WFCs preceded by \w,
else a signal, signal group, signal variable, or WFC-constant preceded by \W). For arithmetic expressions,
the boolean operator shall be either :==, <> <=, or >=, and both sides shall be of type integer or real.

An expression that results in an integer or real value shall be interpreted as a boolean if the usage context so
requires; in which case, a nonzero positive value is interpreted as true, whereas a value of zero or negative is
interpreted as false. Expressions that evaluate to WFCs shall not be used as booleans.

Although it may be good practice to use parentheses around boolean expressions, this is not a requirgment of
the langpage.

The follpwing examples are of boolean expressions:

48: STIL 1.0 { Design 2005; }

49: He¢ader {

50: Source "STD 1450.1-2005";

51: Ann {* sub-clause 5.6 *}

52: }

53:

54: Variables {

55: Integer INT;

56: Integer FLAG;

57: IntegerConstant FALSE := 0; / FLAG value
58: IntegerConstant TRUE := 1; //EBLAG value
59: SignalVariable OP_CODE[3..0L3

60: WFCConstant RUN = 1011; /' OP_CODE value
61: WFCConstant STOP = 011y, /#/ OP_CODE value
62: WFCConstant RESET =.0000; / OP_CODE value
63: }|/ end Variables

64 :

65: Pattern MY PAT {

66: If (INT :==,13) {}

67: If (FLAG y=2~TRUE) {}

68: If (\WOPWCODE == \WRESET) {}

69: If (\whlI1l == \WOP_CODE) ({}

70: }|/ end Pdiiein

5.7 Intpgers—integer_expr

An integer expression is an expression that evaluates to integer. Integer expressions are allowed anywhere
that the statement syntax calls for an “integer_expr’. See the list of allowed operators in Table 7. The
following rules of interpretation apply to integers and integer expressions:

a) A bare integer may be declared either with or without single quotes, e.g., 5 or ‘5°.
b)  The underscore character may be used as a separator within an integer declaration, e.g., 65_535.

c¢) If an integer result is called for and the expression results in a number with a fractional part, the
fraction is truncated to produce an integer value; e.g., the values [6.1, 6.8, 3.1, —3.8] become [6, 6,
-3, =3], respectively. The truncation is performed at the conclusion of the evaluation; i.e., (3/2) x 2
results in a value of 3.

d) The following formats are not allowed for integers: 56E3, 56K.
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e) Integer may be expressed in hexadecimal by preceding the number with 0x, e.g., OXFF.

Integer expressions may comprise integer literals, integer variables, integer constants, or multiterm
expressions that result in an integer value. The following examples are of integer expressions and their
usage:

71: STIL 1.0 { Design 2005; }
72: Header ({

73: Source "STD 1450.1-2005";

74: Ann {* sub-clause 5.7 *}

75: }

76 :

77: Sjgnals { SIGA In; SIGB Out; SIGC InOut; FOO[0x0..0x3F] In; }
78: Variables

79: Integer II;

80: Integer JJ { Initialvalue 56%1024; }

81: IntegerConstant KK := 2;

82: }

83: SjignalGroups

84 : ALL = 'SIGA+SIGB+SIGC+FOO’;

85: }| / end SignalGroups

86:

87: Timing { WaveformTable WFT (

88: Waveforms

89: ALL {

90: 01 { ’2ns+KK*0.5ns’ U/D; }

91: }

92: } // end Waveforms

93: } // end Timing

94 :

95: Pattern P

96 : ¢ { IT := 1234; §

97: ¢ { IT := 48000000; }

98: ¢ { IT := 48000 000; } // equivalent to 48000000

99: ¢ {11 :=1I17+ 2; } // expression with a variable
100: ¢ { IT .=.13; JJ := 13; } // expression containing assignment
101: ¢ { 1¥/+= J3/2; } // truncate (i.e., 13/2 yields 6)
102: ¢ {\I7 := JJ*o0.5; } // truncate (i.e., 13%0.5 yields 6)
103: C({MI1 := O0x7FF_FFFF; } // hex representation of integer
104 : C/{ II := JJ&O0x00ff; } // bitwise and with a hex number
105: IT {IT >=99) {7} /7 conditional expression
106: Loop II {} // variable loop count

107: Loop Oxff { } // loop count defined in hex

108: } //end Pattern

5.8 Logic expressions—logic_expr

A logic expression is used to represent a combination of signal names and signal group names in the context
of a design model. Logic expressions are allowed anywhere that the statement syntax calls for a
“logic_expr”. The rules for interpretation of this expression are outside of the definition of this standard (see
IEE Std 1364-2001 [B2]).
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The logic relationship represented by this expression is independent of any timing or waveform
considerations. It is solely indicating that the intended function of the design is to combine the named
signals and signal groups according to the specified logic relationship.

The allowed operators in a logic expression are as follows:

() parentheses

~ bit-wise negation

& bit-wise and

| bit-wise inclusive or
A bit-wise exclusive or
AN

~, ~N bit-wise equivalence

The following example contains a logic expression in the ScanEnable statement. The scan enable indition
for the scan chain CHAINI is active if signals AA and BB are both true, thereby satisfying the logic
expression ‘AA&BB’.

109: $TIL 1.0 { Design 2005; }
110: Header ({

111: Source "STD 1450.1-2005";
112: Ann {* sub-clause 5.8 *}
113:

114:

115: $ignals { AA In; BB In; SI1 In; SOl Outi}
116:

117: $canStructures S1 {

118: ScanChain CHAIN1 ({

119: ScanLength 100;

120: ScanCells CC[1..100];
121: ScanIn SI1;

122: ScanOut SO1;

123: ScanEnable AA&BB;

124 : }

125:

5.9 Rejal expressions—real_expr

A real dxpression ig“an expression that evaluates to a real number as determined by the context (i.e., key
word) of the variable type on the left-hand side of an expression. Real expressions are allowed ahywhere
that the|statement syntax calls for a “time_expr’ or “real_expr”; i.e., anywhere that an engineefing unit
value is|allowed, then a real expression is allowed. Real variables and expressions are defined i a Spec
block in| STHL.0. A real number can be expressed in one of two formats as follows:

a) A real number can be of the form: <number>e<+\-><number>. A real number can be used to
represent values that are not standard SI units, for example, a slew rate in volts/nanoseconds.

b) A real number can also be of the form <number><prefix><SI unit>. For example, 23ns’ is a time
expression (nanoseconds), ‘10uF’ is a capacitance expression (micro-Farads). This generic reference
can be used whenever one of the standard unit definitions is allowed.

There are commonly accepted rules with regard to the algebraic combination of values with engineering
units. Such rules are not defined in this standard; however, specific tools that implement this standard may
require compliance with these rules, and it is good practice to keep units consistent with the usage. For
example, if a spec value defines VX to be of type voltage, it can be used as time by expressing it as
VX*(1ns/1V).
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The following examples are of real number expressions:

126:
127:
128:
129:
130:
131:
132:
133:
134:
135:
136:
137:
138:
139:
140:
141:
142
143:
144 :
145:
146:
147 :
148:
149:
150:
151:
152:
153:
154:
155:
156:
157:
158:
159:
160:

5.10 Addition to timing expressions—time_expr

Additio

526:2007(E) —29-

450.1-2005(E)

STIL 1.0 { Design 2005; }
Header {
Source "STD 1450.1-2005";
Ann {* sub-clause 5.9 *}

Signals { SIG NAME InOut; }

Spec
Category CAT {

TIME = 25ns;
REALVAR = 5.5;
VOLTAGE = 2.5V;
WATTAGE = 25mW;
SLEWRATE = 1V/1ns;
} // end Category

// end Spec

battern PAT
If (TIME >= 23.5ns+1.5ns/2) {}

If (WATTAGE >= 5V*2ud) {}
If (SLEWRATE’ >= 5V/1ns) {}
If (REALVAR >= 5) {}

If (REALVAR*1mA >= 5mA) {}

// end Pattern

Timing {
WaveformTable WET
Waveforms { SIG NAME (
01 { 25ns D/Ui\}
01 { (REALVAR*1ns) D/U; }

H
}

// end Timiitg

01 { (VOLTAGE* (1ns/1V)) D/U; }

// time expression

// where WATTAGE is of typ
//where SLEWRATE is of ty]
// where REALVAR is of typ
// where REALVAR is of typ

// constant time
// use a real to define time
// use a voltage to define tin

"Watts’
e 'Real’
"Real’
"Real’

e

the @n

1 Lhal ddad £, £ faa0as fas £, Tl ddass s
Tar-S y oS~ arC—attCOTOT TOTCT OO S OIS OV CITtS T vv v CTOTITS T T ST arc—atrartroTTs—t

symbol (as defined in STIL.O, Subclause 6.13), which allows reference to the timing edges in a timing
expression that are in the current period. The new symbols, as defined here (along with the other time
referencing capabilities), allow access to period markers and events in subsequent periods. These new
facilities are provided to support application in other STIL extensions, such as STIL.3 and STIL.6.

a)
b)
¢)
d)

@ => references the time of the prior event (STIL.0).

@n => references the time of the n-th event, where first event is @1 (STIL.0).

@ @ => references the time of the current event (STIL.1).

@Tm => references the time of the start of the m-th period, where the current period is numbered 0.
The time value returned is relative to TO of the current period. @T1 represents the end of the current
period (i.e., the time relative to the current period for the start of the next period).
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e) @Tm.n => references the events of subsequent periods. The time value returned is relative to TO of
the current period. @T1.3 represents the third event of the second period. Note that events are
numbered starting at 1, because the 0-th event is TO (STIL.1).

f)  EVENT_LABEL => references a label that is defined by EVENT_LABEL: anywhere in the current
WaveformTable or WaveformDescriptions block (STIL.0).

g) SPEC_VARIABLE => references a variable defined in a Spec block (STIL.0).

h)  VARIABLE => references an Integer or IntegerConstant defined in a Variables block (STIL.1).

Figure 1

illustrates events across three periods.

5.11 S

A Signal
in the s3
signal V|
which nj

type SignalVariable is obtained by preceding it with \W. A SignalVariable name may be used to pg

informa

SignalV|
When u|
paramet

@T0 @T1 @T2 @T3

100ns o T5ns - 100ns

S5ns 80ns ' 20ns  S0ns 5ins  80ng
@T0 = Ons @T1 =100ns @T2 =175ns @T3 =275n%
@1 =50ns @T1.1 =120ms @T2.1 =225ns
@2 = 80ns @T1.2 = 150ns @T2.2 >255ns

Figure 1—Referencing timing ‘edges

gnalVariables—sigvar_expr

[ Variable is a variable that is used to hold strings of WFC characters. It can be assigned WF
me way that signals and signal groups are assigned WFC strings. A sigvar_expr is a referg
ariable, with the result being adist of WFCs. A SignalVariable is assigned a list of WF(
hay then be assigned to actual,signals or groups. The list of WFC values contained in a val

ion as a parameter in a1macro or a procedure calls.

ers in the(next section. The following example shows in-line use of a signal variable:
c~fsv = 1111; }
v,{ GRP = \WSV; }

 strings

nce to a
values,

riable of

ss WEC

ariables can betused in-line by setting them to a list of WFCs in a vector or a condition sthtement.
sed in this wayy the data are immediately available for use. Note: See also the definition of formal

The contents of the SignalVariable are maintained on a call to a procedure and the return; and the content is
maintained on the invocation and exit from a macro.

The WFC data in a SignalVariable can be used in much the same way as Signals and SignalGroups. Square
brackets are used to indicate the length if there are multiple elements. The following example illustrates
typical SignalVariable definitions:

Variables {
SignalVariable SV1; // define a single element variable
SignalVariable SV3[0..2]; // define a three element variable

}
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When used in pattern data, the SignalVariable may be used without the square brackets; in which case, all
elements of the SignalVariable are used. If a subset of the elements is desired, then the square bracket
notation is used. The length on both sides of the equal sign must be the same, except when the signal-
variable is being used as a formal parameter (see 5.12). The following example illustrates typical
SignalVariable usage:
Pattern

v { SIG = \W SV1; }

Vv { GRP_OF THREE = \W SV3; }

v { GRP_OF TWO = \W SvV3[0..1]; }

}

The follpwing-examples-are-of SignalVariable-usage:
161: $TIL 1.0 { Design 2005; }

162: Header {

163: Source "STD 1450.1-2005";

164: Ann {* sub-clause 5.11 *}

165:

166:

167: $ignals {

168: BUSX[1..5] In; // defines 5 signals plus a group named BUSX
169:

170:

171: YVariables {

172: SignalVariable SIG VAR[1..5];

173:

174 :

175: NacroDefs

176: APPLY VAR

177: ¢ { SIG VARI[1..5] = #O }

178: v { BUSX = \W SIG VARI[1..5]; }

179: // error if above two linéswere changed to:

180: J/ VvV { SIG VAR[1..5] = #; BUSX = \W SIG VAR[1..5]; }
181: }

182: APPLY TWO_VARS ({

183: ¢ { s1Ig VAR[ .51 = #; }

184: v {B = \W SIG VARI[1..5]; } /applylllll

185: Cc {16 VAR[l..S] = #; }

186: Ve BUSX = \W SIG VARI[1..5]; } /apply 00000

187: 1

188:

189:

190: Pattern PAT ({

191: // following macro call use signal variables as parameters

192: Macro APPLY VAR { SIG VAR[1..5] = 11100; }

193: Macro APPLY VAR { SIG VAR[5 4 2 3 1] = 00011; }
194: Macro APPLY VAR { SIG VAR[5..1] = ABBAB; }

195: Macro APPLY TWO VARS { SIG VAR[5..1] = 11111 00000; }
196: // following use signal variables in line

197: ¢ { SIG VAR[1..5] = 11001; }

198: v { BUSX = \W SIG VAR[1..5]; }

199: }
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5.12 Formal parameters in procedures and macros

The concept of a formal parameter was used in STIL.0; however, it was not called that. Now with the
introduction of more complicated pattern data expressions, it is necessary to keep the concept of variable
usage and formal parameter separate. Whereas a signal variable may be set to a value that becomes
immediately available, a parameter in a macro or procedure is only available when it is referenced within the
referenced macro or procedure by the use of the # or % characters. It is the same behavior as for any Signal
or SignalGroup that is used as a parameter as defined in STIL.0. See the following example:

When the name of a SignalVariable is used as a parameter in a macro or a procedure call:

Macro MAC { SV = 1111; }
Call DRQOC { oy - 1111 0101 } )

then the] WFC data are not available until a # or % operator is used inside the procedure or macte”

MAC

c { sv=#; } v { GRP=\WSV; }
}
PROC (

c { sv=#; }
c { sv=#; }

}

{ GrRP=\WsV; }

\Y
v { GRP=\WSV; }

5.13 Integer lists—integer _list

An integer_list is used to specify an ordered list of intéger values. Integer lists are allowed anywherg that the
statement syntax calls for an “integer_list.”” The onlytallowed operator in an integer list is the integer range
operatott ““..”, which specifies a range of integ€rs. An integer_list may contain either single ntegers,
whitespfice-separated lists of integers, or integer ranges. IntegerConstants may appear in place of jntegers.
An integer range is represented by two integers (or IntegerConstants) separated by “..”. For example, ‘3..6’
is equivplent to ‘34 5 6’ and ‘4..2” is.equivalent to ‘4 3 2°. Whitespace characters are allowed betyeen the

@

integer ¢r IntegerConstant, and the £..j 'operator. The following code shows examples of integer lists:

200: $TIL 1.0 { Design\2005; }
201: Header f{

202: Source "STD/1450.1-2005";
203 : Ann {*.Sub-clause 5.13 *}
204:

205: $ignads

206: STIG[1..5] In;

207: ST1 In { ScanIn 100; }
208: }

209: ScanStructures S1

210: ScanChain CHAIN1 ({

211: ScanLength 100;

212: ScanCells CC[1..100];
213: }

214: }

215: Pattern PAT ({

216: v { SIG[5 4 3 2 1] = 11001; }
217: v { SIG[5..1] = 00110; }
218: }
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6. Statement structure and organization of STIL information

This standard defines additional top-level STIL blocks: Environment. It is delineated in Table 8, which is
provided to be complete with Table 8 in STIL.O.

Table 8—Additions to optional top-level statements

Statement Purpose
Environment The Environment block defines relationships of STIL data to external
Clause 18 environments. Environment blocks, if referencing other STIL data, shall be
defined after the blocks that define that STIL data, unless those references 4re
to information contained in MacroDefs, Procedures, or Pattern blocks{ whidh
are allowed to be forward-references.
This is always a top-level block. Environment blocks, if present;.do‘not have a
defined order with respect to other STIL blocks defined in STIL.O.
Environment blocks may appear any place a top-level STIL statement is
allowed.
Pragma The Pragma block allows for embedding application-specific code directly [into
Clapse 19 a STIL file/stream. The block may be used as @ top-level block or embedddd in
another STIL block.
PatfernFailReport The PatternFailReport block is typically not part of a STIL file/stream [that
Clapse 20 defines a test program; however, as a top-level block, it would be allowed to g¢xist
without conflict with other STILxblocks. This block is to be generated by| the
execution of a STIL test program to report results of execution.
7. STIL statement
This clajise defines extensions to STIL.O, Clause 8.
The STIL statement identifies the primary version of STIL.0 information contained in a STIL filg and the
presenc¢ of one or more standard Extension constructs. The primary version of STIL is defined in §TIL.O.
The extension to the STH\statement allows for a block containing extension identifiers that ajlow for
additionial constructs inythe“STIL file. There may be multiple Extension statements present, to ideptify the
presenc¢ of multiple-eXtension environments. The extension name and the extension statements arg defined
in the individual documents for those standards.
“Includg” files are required (per STIL.O) to start with the STIL statement. The extension context aq defined
in an “Include” file shall be a subset of the definition in the base file; i.e., it is not permissible to sgecify an

extension in an included file that is not already allowed by the base file. One qualifier to this rule is the
"IfNeed" option. If the parser does not actually consume the "Include," then the extensions in the file are not

relevant

All other constructs and restrictions for STIL.0, Clause 8 are in effect here.
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7.1 STIL syntax

STIL 1EEE_1450_0_IDENTIFIER { @))]
( EXT_NAME EXT_VERSION; )+ )
} /7 end STIL

(1) STIL: A statement at the beginning of each STIL file.
IEEE_1450_0_IDENTIFIER: The primary version of STIL, as identified by 1.0.

(2) EXT_NAME: The name of the Extension. This standard is identified by the name Design.
EXT_VERSION: The version of the extension. This standard is identified by the value 2005.

7.2 STIL example

219: $TIL 1.0 {

220: Design 2005;

221: DCLevels 2002;

222:

223: Header {

224 : Source "STD 1450.1-2005";
225: Ann {* sub-clause 7.2 *}
226:

227:

8. UserKeywords statement
This clajise defines extensions to STIL.O, Clause 11.

This clapse defines additional locations in a STIL\file/stream where the UserKeywords statement is|allowed
to appedr.

The UsgrKeywords construct is expanded from STIL.O to allow the UserKeywords statement to bg defined
within any STIL block. When a UserKeywords statement is defined within a STIL block, those deffinitions
shall apply only within that bloek and contained sub-blocks. It allows Userkeywords to be “locally|scoped”
to a confaining STIL block. Nete: STIL.0 allows for UserKeywords only at the top level.

All othey constructs and\requirements for STIL.0, Clause 11 are in effect here.

8.1 UserKeywords syntax

As definjed m’ STIL.O.

8.2 UserKeywords example

228: STIL 1.0 { Design 2005; }
229: Header {

230: Source "STD 1450.1-2005";

231: Ann {* sub-clause 8.2 *}

232: }

233:

234: Signals { A[1..99] InOut; }

235: SignalGroups { ALLSIGNALS = ‘A[1..99]’; }
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236:
237:
238:
239:

/* The UserKeywords construct is the same as defined in STIL.O,
with the additional capability to be defined within another STIL block */

240: Timing ONE {

241: UserKeywords STARTUP SHUTDOWN;
242: WaveformTable ONE (
243: STARTUP { ALLSIGNALS;}
244: }
245: }
9. Varjables block
This clquse defines variables and named constants. If the block is unnamed, then all definitions |shall be
globallyl available to all other blocks in the STIL file/stream. If the block has a name, then‘that namel must be
referended by the Pattern, PatternBurst, or Timing block for the variables to be avéailable. Variaples and
constan{s that are defined in the global Variables block shall not be overridden in@ndmed Variablep block.
This bldck should be considered in light of the Spec block that also can define constants. The purpose and
usage of these two blocks is sufficiently different to warrant their separation. The Spec block is intpnded to
contain jparametric data used in specifying device/test characteristics.,The Spec block has special handling
defined [for Category, Min/Typ/Max/Meas, and Selector, which aré.to facilitate a flexible definition|of these
test pargmeters.
The Vatfiables block is used to contain control variables and constants. Typical uses for these consfants and
variablep is to control flow of execution, to provide ‘aliasing’ of values to meaningful names with cpnstants,
and to pfovide run-time parameters.
Although complex expressions may be supported by an ATE system, in general, most ATE systemp will be
able to [support only a limited subset of the“design capabilities defined herein. The full capabilities are
intended for use by simulation applicatigns or pattern translation tools. See Annex O for more infofmation.
9.1 Variables block syntax
Variables (VARIABLES_DOMAIN) { @))]
( Integer Constant GONST_NAME := INTEGER ; )* 2)
( Integer VAR_XNAME; )* 3)
( Integer VAR_NAME {
Usage-Test; )
InitialValue integer_expr ;)
} )| #end Integer
( Sil iable. SARNAME: )* (4)
( SignalVariable VAR_NAME {
(Base < Hex | Dec> WFC_LIST ;)
( Alignment < MSB |LSB > ;)
( InitialValue vec_data ;)
} )* // end SignalVariable
( WFCConstant CONST_NAME = WFC_LIST ; )* 5)

} // end

Variables

(1) Variables: This block contains the definitions of variables and constants. It may be either named or
unnamed. If the block is named, then the name must be referenced in the PatternBurst block or Tim-

@)

ing Block for the variables to be available.

IntegerConstant: This statement allows the definition of a named integer that has a constant value.
The “INTEGER” value on the right-hand side may be either a literal integer value (as defined in
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STIL.0, Subclause 6.12) or an integer-expr containing only literal integers and other integer-
constant names. The named constant shall be used anywhere that a literal integer value is allowed.
An integer-constant can be more widely used than an integer-variable; for example, if K is an
integer-constant, then it may be used in defining an indexed list of signals (SIGS[1..K] In;), as a
length indicator (Scanln K; DataBitCount K; ScanOutLength K;), and as a loop counter (Loop K {}
MatchLoop K {}).

(3) Integer: This statement or block defines an integer-variable. If the integer-variable is specifed as a
block, then the following optional attributes may be specified:

Usage Test: This statement specifies that the integer-variable is to be used in the translation,
load, or execution of the STIL file/stream for an ATE system. Integer-variables without this
statement may safelv be ignored for the purposes of pattern execution. The defaulf is NO;
i.e., do not use as a test variable.

InitialValue: This attribute allows the specification of the initial value that is te\be asgigned to
the integer-variable at the onset of highest level domain for the variable, (¢, global = upon
creation; PatternBurst = each execution of the burst; Pattern = each execution of the pattern.
The value of the expression defined in the InitialValue statement iS |not establishedl until a
context is established in which this integer-variable is in scope. The default initial valug¢ is zero.

(4) PignalVariable: This statement or block defines a variable that may,be used wherever a gignal or
broup may be used. For example code, see Annex B.

When declaring signal-variables, either the single WFC entity form may be specified that|requires
ho square brackets or the multiple WFC entity form may be specified with the square bracketed
hotation. The square brackets accomplish two purposes: defining the length of the signal{variable
hnd defining the index range of the signal-variable.

When using a signal-variable within pattern data, it is an error to access a bracketed indgx that is
putside the declared range of a bracketed signal-variable. A signal-variable consumes one WFC for
pach index when assigned a WFC list. When declared as a bracketed signal-variable, a refgrence to
that signal-variable without brackets-is equivalent to a reference of that signal-variable adross the
declared bracketed range of that signal-variable.

If the|SignalVariable is a block, then the following optional attributes may be specified:

Base <Hex | Dec>WFC_LIST: This attribute defines the mapping to WFC characters firom hex
or decimal values; as defined for SignalGroups in STIL.0, Clause 14. If no base is specified, the
default is to use waveform characters.

Alignment: This attribute is used to specify whether the mapping from hexadecimyl to the
signal-variable is to align with the MSB or the LSB. The default is MSB to accommg@date the
convention used for scan data. This attribute applies only to hexadecimal values|because
decimal values are always LSB aligned.

InitialValue: This attribute allows the specification of the initial value that is assigned to the
signal-variable at the onset of each execution of the first or highest-level PatternBurst that uses
this signal-variable. Signal-variables declared with no InitialValue are undefined until assigned
a value (written to), and it is an error to reference the signal-variable while in the undefined
state. The value of the expression defined on the InitialValue statement is not established until
a context in which this signal-variable is in scope is initiated. This context occurs under a
PatternBurst that references the Variables block that contains this signal-variable, in
combination with the PatternExec that invoked this PatternBurst.

(5) WFCConstant: This statement allows the definition of an named list of waveform characters that
has a constant value. The named constant shall be used anywhere that a WFC or WFC_list is
allowed.
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9.2 Variables example

246: STIL 1.0 { Design 2005; }

247: Header {

248: Source "STD 1450.1-2005";

249: Ann {* sub-clause 9.2 *}

250: }

251: Variables ({

252: IntegerConstant BUSTOP := 15;

253: Integer H1;

254 : Integer H2 { Usage Test; Initialvalue 13; }
255: —FntegerConstant—RED+—=0

256: IntegerConstant GREEN:=1;

257: IntegerConstant BLUE:=2;

258: Integer COLORS; //Values = RED, GREEN, BLUE
259: SignalVariable VW; // a single WFC variable

260: SignalVariable VX([1..5]{ Initialvalue 11000; }
261: SignalVariable VY[7..1]{ Base Hex AB; InitialValue FE; }
262: WFCConstant RESET=00;

263: WFCConstant RUN=01;

264: WFCConstant EXTEST=10;

265: WFCConstant INTEST=11;

266: SignalVariable VZ[0..11; // Values = RESET, RUN, EXTEST, INTEST
267: SignalVariable FOO[1l..6];

268:

269: $ignals {

270: BUS1[ BUSTOP .. 0 ] Inout;

271 : SIG1l In;

272 SIG2 In;

273: SIG[2..6] In;

274 : }

275: $ignalGroups {

276 GRP = 'SIGI[2..6]"%

277 :

278: Procedures ({

279: PROC {

280: C { EOCOS#; VW=#; VX=11111; VY=\h82; VZ=#; } /' VY = BAAA AAB
281: V {~SIG1=\W FOO[1]; GRP=\W FOO[2..6]; }
282: Ve{i"SIG2=\WVW; SIGI[5..6]=\WVZ; }

283 : }

284 :

285: Pattern P {

286: Call PROC { FO0=111000; VW=P; VZ=\WRESET; }
287: Call PROC { FOO=010101; VW=P; VZ=\WRUN; }
288: }

9.3 Variables scoping

Care should be taken when defining Variables blocks as to whether the variables and constants are to be
shared or unique to a pattern. Shared (global) variables are useful for passing data, whereas nonshared
(local) variables provide independent operation. The scope of a variable or constant is determined by
(1) whether the Variables block is named or unnamed and (2) how a named Variables block is referenced.
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The example below shows the various usage models. This example uses integer-variables, but the same

scoping rules apply to signal-variables, integer-constants, and WFC-constants.

Variables and constants declared in an unnamed Variables block are global in scope and may be accessed
from any pattern context unless that variable is hidden by a declaration of the same name from a named
Variables block referenced from a PatternBurst context. Global variables are set to the InitialValue at the

start of a PatternExec and maintain the last-assigned value throughout the execution of the PatternE

XeC.

Variables declared in named Variable blocks are local to the Pattern or PatternBurst context where that
named Variable block is referenced. Local variables are assigned their InitialValue when the first Pattern

that contains that Variables block reference starts to execute, and the value of that variable only

persists

while the Pattern or PatternBurst context that contains that Variables reference is executing. Each reference

ibles for

med and

a signal

of a Vatiables block in a PatternBurst context defines separate and unique instances of local vari
that confext.

STIL.O,|Subclause 6.16 defines the rules for name resolution of signals and signal-groupsacross na
unnamefl domains. Because variables exist in the same name space as signals and signal-groups, the same
rules apply to the naming of variables. This is illustrated in the following example, . where there is
named FOO and a signal-variable named FOO that overrides the global signal srame.

289: $TIL 1.0 { Design 2005; }

290: Header (

291: Source "STD 1450.1-2005";

292: Ann {* sub-clause 9.3 *}

293: }

294: $ignals {

295: FOO In; BAR Out;

296:

297: $ignalGroups GROUPS {

298: GRP = ’'FOO+BAR’;

299:

300: YVariables {

301: Integer GLOBAL VAR;

302:

303: Variables SHAREDW{

304: Integer SHARED VAR {InitialValue 0;}

305: SignalvVariable FOO[1l..4];

306:

307: Yariable&~LOCAL ({

308: Integer LOCAL VAR;

309:

310:

311: PBreecedures—

312: // This procedure can only be used in PAT2 or PAT3 because it

313: // contains a reference to LOCAL_VAR that is defined only for

314: // those pattern contexts.

315: PROC1 {

316: If (GLOBAL VAR :== 100) {} /true

317: If (SHARED VAR :== 200) {} /true

318: If (LOCAL VAR :== 2) {} //true when called from PAT2

319: If (LOCAL VAR :== 3) {} //true when called from PAT3

320: }

321: }

322:
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323: PatternBurst ({

324 : Variables SHARED;

325: SignalGroups GROUPS;

326: PatList { PAT1; }

327: ParallelPatList {

328: PAT2 { Variables LOCAL; }

329: PAT3 { Variables LOCAL; }

330: }

331: }

332:

333: attexrn PRATI {

334: C { GLOBAL VAR := 100; }

335: If (GLOBAL VAR :== 100) {} /true

336: If (SHARED VAR :== 0) {} // true - by initialization
337: If (LOCAL VAR :== 1) {} // error - not defined in this contex
338: C { SHARED VAR := 200; }

339: ¢ { FOO = 1100; } // FOO is a signal variable, not a signal
340: v { BAR = H; } // BAR is a signal
341: v { GRP = 1H; } // GRP contains the\signal FOO and BAR
342

343:

344: Pattern PAT2

345: ¢ { LOCAL VAR := 2; }

346: If (GLOBAL VAR :== 100) {} /true

347: If (SHARED VAR :== 200) {} Atrue

348: If (LOCAL VAR :== 2) {} irue

349: Call PROC1 {}

350:

351:

352: Pattern PAT3 ({

353: C { LOCAL VAR ‘= 3; }

354: If (GLOBAL_VAR :== 100) {} /true

355: If (SHARED-VAR :== 200) {} /true

356: If (LQEAL VAR :== 3) {} /true

357: call(proci {}

358:

9.4 Variables synchronizing

When variables are used, care must be taken as to when the result of a variable expression is available to
other expressions. It can apply to multiple expressions in one statement, or it can apply to expressions using
variables that are common across parallel patterns.

9.4.1 Synchronizing within a Condition or Vector statement
Consider the following case involving two integer variables, FOO and BAR:

¢ { FOO := 1; }
¢ { FOO := 6; BAR := FOO+1; } // Error in use of FOO
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After the second C statement, what is the value of BAR? The answer could be either 2 or 7, depending on the
implementation. For this reason, it is an error to have the same variable on the left- and right-hand sides of
an expression within the same statement. The correct way to express the above is

¢ { FOO := 1; }
¢ { FOO := 6; }
C { BAR := FOO+1l; } //BARrvesultis7

It is also an error to have a variable on the left-hand side of more than one expression with a statement.
¢ { FOO := 1; FOO := 2; } // Error - multiple assignment to FOO

9.4.2 Synchronizing across parallel patterns

Now cqnsider the case of two patterns PATI1 and PAT2 that are executing in lock step and\share the
common variable FOO:

Variables { Integer FOO { Initialvalue 0; } } /FOQ-is@lobally qvailable
PatternBurst B

ParallelPatList LockStep { P1l; P2; }
}
Pattern P1

v { SIGS_P1 = 000111; }

c { FoO := 16; }

Loop FOO {

v { CLK1 = P; }  /loop 16 times

}

}

Pattern P2
v { SIGS_ P2 = 111000; }
Loop FOO {
v { CLK2 = P; }  /ANoop 16 times
}
}

How many times does the lpop:in pattern P2 execute and why? The answer is 16. The variable FDO is in
scope agross both patternybeeause it is a global variable. The C statements are considered to executp in zero
time, so|the sequence ofi\ex€cution is

a) All consecutive C statements are executed in each pattern independently
b) |Any global*variables are exported to other patterns

c) [The next non-C statement uses the values established from other patterns for all global varigbles.

10. Signals block

This clause defines extensions to STIL.0, Clause 14.

This clause defines additional statements supported within the Signals block. All statements and capabilities
as defined in STIL.O, Clause 14 are unchanged.

A new attribute, WFCMap, allows mapping WFC values to other WFC on a signal or group of signals.

When the square bracked signal notation is used, a signal group by the same name is automatically created.
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10.1 Signals block syntax

Signals {
( SIG_NAME < In | Out | InOut | Supply | Pseudo > {
( WFCMap {

( FROM_WFC -> TO_WFC( TO_WFC )+ ; )*
( FROM_WFC1 (FROM_WFC2) -> TO_WEC ; )*

} )*} )/ end WFCMap

ey

(2)
3
“

(1) Signals: Refer to STIL.O for the definition of the Signals block and statements not defined in this

e used in

r signal

WFECs is

signals
present,
pears in

hes. For

ide, this
[peration
ter. The
brder of
ponding
I pattern

lefines a
tructs in

\j (join)

extension.

2) WFPMQP' Itis an nptinnq] attribute block nsed to define waveform character mqpping taob
the pattern data. See also Clause 11, where identical syntax is used to define WFCMap\f
broups. For example code, see 5.2 and Annex G.

This statement defines the mapping of characters only, not waveforms. The resultant!list of
nssociated with the waveform tables that are referenced in a pattern.

The WFCMap attribute defines the global mapping of all references,.fo the identified
i.e., similar in usage to the Termination attribute as defined in STIL,0)."This attribute, if]|
chall be defined only once for a signal. The mapping applies to the base-signals whether it af
the Signals or in the SignalGroups block.

Refer to Clause 15 for the definition of usage of the mapped’ WaveformCharacter val
example code, see Annex G.

(3) FROM_WFC -> TO_WFC(TO_WFC)+: When there are multiple WFCs on the right-hand s
defines a mapping to be used for reading back data from the device (see CompareSustitute g
n 13.2). The waveform referenced by the FROM_WFC shall contain a Substitute charad
TO_WFC characters are references to the $éfvof allowed response waveforms. The
characters in the TO_WFC list is important;éach WaveformCharacter represents the corres
waveform in the selected Waveforms blo¢k: See 15.2 for usage of the mapping constructs i
Hata.

(4) FROM_WFC1 FROM_WFC2 -> TO_WFC': When there is one WFC on the right-hand side, this
mapping of the specified WFC ifito a different WFC (see 15.2 for usage of the mapping cons
pattern data). This replacement applies when, in a given vector, there is a \m (map) or
specified in the pattern data. Whitespace is not required when there are two WaveformCharacters
FROM_WFC1 FROM_WTFE2) and they are not order sensitive.

10.2 Sjgnals example

359: $TIL 1n¢/ { Design 2005; }

360: Header

361: Source "STD 1450.1-2005";

362: &N (¥ SUb-Cclause 0.2 %)

363: }

364: Variables {

365: IntegerConstant BUS1 TOP := 15;

366: }

367: Signals {

368: BUS[0..15] In;

369: // the above statement defines 16 signals named BUS[0], BUS[1], etc.
370: // the above statement also defines 16 element global signal group named BUS[0..15]
371: BUS1[ BUS1 TOP .. 0 ] Inout;

372: DIR In;

373: A0 In {
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374: WFCMap

375: z->x; //single-WFC mapping

376: 01->x; /two-WFC mapping (requires presence of \j)
377: }

378: }

379: }

380: Pattern P {

381: v { BUS = 00000000 11111111; }

382: v { BUS[0..15] = 11111111 00000000; }
383: v { BUS[5] = 0; }

384: v { BUS[8..15] = 11111111; }

385:

10.3 Bracketed signal notation enhancement

This suf
in STIL
for buss

10.3.1

The all
notation|
in mapp
use of s

10.3.2 Autonamed group for bracketed signal names

When a

conditions ,as.defined in the following list, a global signal-group by the same name is also defined

length e

a)

b)

9)

d)

clause defines enhancements to the naming of signals and groups using square brackets as
0, Subclause 6.10. A further extension is to STIL.0, Clause 14, to automatically create grou
es. All existing capabilities, as defined in STIL.0, are unchanged.

Use of integer_list in signals and groups

wed syntax within the square brackets of a signal “Or group is extended to include int
(see 5.13). This capability allows for nonsequential numbering of signals and is particular
ing one signal, group, or signal variable to another. The following examples illustrate the
Juare brackets:

BUS[1..15]

ODD[1 3 5 7 9]

BUS[1..10] = \WVAR{L)2 3 4 5 10 9 8 7 6]
BUS[11] = X

BUS[12..15] =31010

set ofssignals is defined in a Signals block using the square bracket notation then, unde]

defined
p names

ger_list
y useful
allowed

[ certain
with the

udlfo the range of the index. The following rules apply to this new signal-group definition

The indexing order of this new signal-group corresponds to the ordering in the signal definition;
i.e., if eight signals are defined as BUS[7..0] In;, the signal-group named BUS is also addressed as

BUS[7..0].

If there is more than one set of signals by the same base name, then no group is
i.e., BUS[0..5] and BUS[S..15].

If a SignalGroups block defines a signal-group by the same base name as a set of signals,
signal-group definition overrides (according to the standard STIL.O rules).

If a set of signals is defined using discrete numbering, then the automatic signal-group is not
e.g., SIG[1 2 3 4] will not result in a signal-group called SIG, whereas SIG[1..4] will do so.
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11. SignalGroups block

This clause defines extensions to STIL.O, Clause 15.

This clause defines additional statements supported within the SignalGroups block. All statements and

capabilities as defined in STIL.0, Clause 15 are unchanged.

As presented in Clause 10, the WFCMap attribute has been added to SignalGroup declarations in this block.

Additional details on the WFCMap can be found in Clause 10 and Clause 15.

Additional rules on the use of indexed signal groups are defined.

11.1 SjgnalGroups syntax

SignalGroups {
( GROUPNAME = sigref_expr {
WFCMap {
( FROM_WFC -> TO_WFC( TO_WFC )+ ; )*
( FROM_WFC1 FROM_WFC2 -> TO_WEFC ; )*
)/ end WFCMap

})
} // end [SignalGroups

(1) PignalGroups: Refer to STIL.O for the definition of the SignalGroups block and staten]

defined in this extension.
(2) WFCMap: See definition of WFCMap in Clause 10 for*details of this attribute.

11.2 SjgnalGroups, WFCMap, and Variables example

386: $TIL 1.0 { Design 2005; }
387: Header (

ey
2

ents not

388: Source "STD 1450.1-2005";

389: Ann {* sub-clause 1¥.2 *}

390:

391:

392: YVariables {

393: IntegerCoristant HI INDEX := 5;

394: Integer COMPLETE DECL { Initialvalue -1; }

395: SignalVariable H1[0..7] { Base Hex DU; }

396: WFCCen'stant FETCH = AABBA { Ann {* command to fetch *} }
397: WFCC€onstant STORE = ABBBA { Ann {* command to store *} }
398: SignalVariable BUS STATE[1..5] { InitialvValue AAAAA; }
399: WrREConstart—SRAR— 98— —Anmm—{+—moves—cursor——}
400: WFCConstant RELEASE = DDDD DDDD { Ann {* releases cursor *} }
401: SignalVariable CUR STATE[0..7] {

402: Initialvalue \W RELEASE; //initial value is DDDD DDDD

403: }

404: }

405:

406: Signals {

407: TOPBUS [HI_INDEX .. 0] In;

408: H[O0..7] In;

4009: AQ0 InOut; Al InOut; A2 InOut; A3 InOut;

410: }
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411 :

412: SignalGroups {

413: GRP1 = ’'A+B+C’; // implied indexing is [0..2]

414 : GRP2[0..2] = 'A+B+C’;

415: GRP3[3..1] = 'A+B+C’;

416: BUS_A = 'TOPBUS[HI_ INDEX .. 0]’;

417: GRP_A = "AO+A1+A2+A3’ {

418: WFCMap

419: z->x; //single-WFC mapping

420: 01->x; /two-WFC mapping (requires presence of \j)

421: ¥

422: }

423: BUS H = 'H[0..7]’ { Base Hex DU; }

424 :

425:

426: WacroDefs ({

427: MDATA

428: Cc { H1 := #; BUS STATE = #; CUR _STATE = #34

429: v { BUS H = \W H1; }

430: v { BUS_ A = \W BUS_STATE; BUS H = \W~CUR_STATE; }
431: }

432:

433:

434: Pattern P {

435: ¢ { BUS_A = AAAAA; GRP_A =-0000; BUS_H = \ho0Oo; }
436: v { BUS A = \W FETCH; }

437: vV { BUS H = \W RELEASE/)}

438: Macro MDATA { H1 = 36}-BUS STATE = \W STORE; CUR _STATE = \W GRAB; |}
439:

11.3 Default WFCMap attribute value

A WFCMap attribute ‘does not have to be present on a signal-group declaration for a WFC-map|to be in
effect. If a WFCMap on any signal or signal-group declaration contains the same base signals, then that
mapping is in effect.

11.4 Defining indexed signal groups
A signal-group may be defined with only the base name, or with the square bracket syntax to define the
indexing of that signal-group. The following rules apply:

a) If the indexed form is used, then the size of the signal-group shall match the size of the signal
expression on the right-hand side.

b) If no square bracket index is provided, then [n..0] is assumed; i.e., the right-most signal of the right-
hand side expression is indexed as element 0.

c¢) Itis an error to define two signal-groups with the same base name; i.e., GRP[0..7] and GRP[10..17].
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12. PatternBurst block

This clause defines extensions to STIL.0, Clause 17

This clause defines additional statements supported within the PatternBurst block. All statements and
capabilities as defined in STIL.0, Clause 17 are unchanged.

Two new pattern grouping structures are defined: ParallelPatList and PatSet. Also, Fixed and Extend
statements are defined to allow the specification of how multiple patterns are to be executed.

The If and While statements are provided to allow conditional execution of patterns within a burst.

12.1 PptternBurst syntax

PatternBurst PAT_BURST_NAME { @))]
( Variables VARIABLES_DOMAIN; )* )
(F(ixed) { (cyclized-data)* } ) 3)
( P3tList { (@)

PAT_NAME_OR_BURST_NAME {

( Variables VARIABLES_DOMAIN; )*

(If boolean_expr ;) (®)]

( While boolean_expr ;) (6)
)*  // end pat_name_or_burst_name
) // end PatList
P3tSet { @)
PAT_NAME_OR_BURST_NAME ; )*
PAT_NAME_OR_BURST_NAME {

( Variables VARIABLES_DOMAIN; )*
)*  // end pat_name_or_burst_name
) // end PatSet
PjrallelPatList ( SyncStart | Independent'| LockStep ) { (8)
PAT_NAME_OR_BURST_NAME ; )*
PAT_NAME_OR_BURST_NAME {

( Variables VARIABLES_DOMAIN; )*

( Extend; ) ©)]

(If boolean_expr ;)

( While boolean_expay )

)*  // end pat_namie_Jor_burst_name
b // end ParallelPatList

}
(

}
(

(1) PatternBurxst: Refer to STIL.0 for the definition of the PatternBurst block and statemfents not
efined.in this extension.

(2) [Variables: This statement allows reference to a named block of variables to be allowed by all
atterns and pattern bursts within this block (see Clause 9 for the definition of the Variables|block).

(3) Fixed: This statement allows the specification of signals for which the operation is to be defined
outside of the patterns that make up a pattern-burst. The signals may be set to a fixed static state or
may be fixed to a WFC that is to be repeated. This statement shall be associated with the entire
pattern burst block and is in effect until another Fixed statement or the end of the PatternBurst block.
It requires that the list of signals in the sigref_expr not be redefined in the associated patterns. If a
signal is fixed to a WFC, then that signal shall occur in each pattern (or one of the patterns in the
case of a parallel-pat-list), and that WFC shall be defined within each WFT that is selected for each
vector. If a static fixed value is desired, then this is accomplished with the \e syntax (see 15.3),
which requires no WFEC/WFT definitions. For example code, see 12.3.

This statement performs a similar function to the Fixed statement within a pattern. The difference is
in the scope. The Fixed statement within a pattern is in effect from its occurrence to the end of the
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pattern, whereas the Fixed statement within a PatternBurst is in effect for the entire burst of patterns.
Use of Fixed in the static format (\e) does not require any change to the pattern.

The assertion within a pattern of a signal that is in a Fixed state may occur, as long as the assertion is
to the same state or WFC to which it has been Fixed. Any assertion on a Fixed signal other than that
specified in the Fixed statement is an error.

PatList: The PatList block performs exactly the same function as defined in STIL.O. It is repeated
here to show the new optional statements that are allowed within a pattern list, namely the If and
While attributes.

If: This statement defines a conditional requirement on the execution of the PAT_OR_BURST_NAME;
this block will execute only if the boolean_expr evaluates to true. The expression is only evaluated
once, before the execution of the referenced pattern or burst.

While: This statement defines an iterative option for execution of the PAT_OR_BURST NAME; the
Feferenced pattern or burst shall be executed repeated times as long as the boolean_expi-evaluates to
frue. The expression is evaluated each time the referenced pattern or burst starts to.execute.

PatSet: This block defines a set of patterns and/or bursts that have no requirément on the [order of
execution of each reference. This construct is intended primarily for defining data in ar interim
format before being presented to a tester, to identify a set of patterns that have no [external
constraints on order of execution. If these data are presented to a tester/ then each pattern|shall be
self-initializing and capable of executing independently.

The PatSet block is similar to the PatList in that it is used to define’a list of patterns and/or byrsts and
the environment for interpreting them. The difference s\ that the PatSet does not injply any
sequencing requirements. Thus, the system integrator is frée*to take that list of patterns and §ise them
n any sequence desired. All optional statements thathare defined in STIL.O for PatList [also are
hvailable in a PatSet block.

The requirement on the patterns in a PatSet is.fHat they be self-contained such that any initiplization
that is required is done within the pattern and not dependent on the execution of a prio1| pattern.
Also, because there is no required orderin@ of patterns in this block, If and While statementp are not
supported for these blocks because of ambiguity of expression evaluation.

The PatSet shall not be used to dovimplicit parallel patterns, even if the set of signals petween
patterns are nonoverlapping. To. do so, it is necessary to define two bursts that contain PatSets and
reference them in a higher level with a ParallelPatList.

ParallelPatList (SyncStart | Independent | LockStep): This block defines a| set of
PAT_OR_BURST_NAMB,‘that is to be executed in parallel. Execution of this set of pafterns is
controlled by optional arguments SyncStart, Independent, or LockStep, as well as the Joptional
statement Extend: Parallel patterns do not necessarily run synchronously or finish together. If no
hrguments dre-specified to ParallelPatList, then the default operation of the patterns is Independent.
All optienal statements that are defined in STIL.O for PatList also are available in a ParallglPatList
block:

SyricStart: This keyword, if present, requires that all PAT_OR_BURST_NAME presen} in the
arallelPatList bIOoCK shall start executing at the same moment. DUring execution, pattern behavior
may diverge if patterns contain different Vector counts or different periods in the Vectors.

Independent: This keyword, if present, allows each PAT_OR_BURST_NAME present in the
ParallelPatList block to start as convenient. This option indicates that the set of patterns executing in
parallel have little or no relationship between each other and can be executed independently.

LockStep: This keyword is used to specify parallel testing of subdesigns that have independent
patterns requiring synchronization throughout the pattern execution. An example of an application
in which this is used is

— Situations in which parallel subdesigns have common access constructs that require
maintaining the same state on a set of signals for the cores during test (for instance,
common wrapper control logic around the subdesigns)
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— Parallel testing of subdesigns that have serially connected scan chains

— Mapping patterns onto test equipment that has limited timing flexibility that prevents true

independent execution

The details of how the patterns, procedures, and macros are resolved is a function of the tools that
create and consume the data. The following general requirements shall be observed for LockStep:

—  All patterns shall start at the same time.

— Each vector in each pattern shall have the same period as the corresponding vector in the

other parallel patterns.

— Each macro and procedure invocation shall occur at the same time and shall be of the

same vector length.

I N rttetiert ; —

or else be controlled by the AllowInterleave statement (see 16.1).

y vector

(9) Extend: This statement specifies that the last vector of this pattern may be extended to |wait for

completion of other parallel patterns. The behavior of Signals during Extend i described|in 12.3.
F xtend is incompatible with LockStep; it is an error to specify Extend in a pat_ot7 burst_narpe block
pnder a ParallelPatList block that defines LockStep. For example code, see‘12:3.
[f the Extend statement is not used, then the last cycle of a parallel pattérn shall complete af exactly
the same time as the last cycle of all other patterns that are running\ify parallel. See informfation on
‘tiling” in 12.3.
The behavior of the Signals during the Extend period is deterfnined by the last STIL statemgnt in the
pattern. If the last statement in the pattern is a BreakPoint, then all Signals will maintain| the last
hsserted state indefinitely until the parallel set of pattérns is complete. If the last statgment is
‘BreakPoint { V { ...} }”, then the Vectors present.in.'this BreakPoint block shall be exeduted for
these Signals until all parallel patterns have completed.
[f the last STIL statement in the pattern is not'a.BreakPoint construct, then the last asserted state on
nll Signals shall be maintained indefinitely:as'if a BreakPoint statement was present in the gattern.

12.2 PptternBurst example

The following example illustrateg™ av'PatList and a ParallelPatList. Things to note include| use of

Integer(onstant; use of If/While in a burst; use of InitialValue and the expectation that a variable ifitializes

upon eafh execution; and the use'of ! in a boolean expression (see also Annex K).

440: $TIL 1.0 { Désign 2005; }

441: Header {

442: Source/*STD 1450.1-2005";

443: Ann<{* sub-clause 12.2 *}

444

445: YVariables ({

446: FategerConstant—TRUE———

447 : IntegerConstant FALSE := 0;

448: Integer PAT1 COMPLETED { InitialValue FALSE; }

449: Integer PAT3 COMPLETED { InitialValue FALSE; }

450: }

451:

452: PatternBurst BURST (

453: PatList { / only run PAT2 if PATI runs to completion

454 : PAT1;

455 PAT2 {If (PAT1 COMPLETED) ;}

456: }

457: ParallelPatList { / repeat PAT4 until PAT3 runs to completion
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PAT3;
PAT4 { While (!PAT3 COMPLETED) ;}

}

461: } //end BURST

462:

463: Pattern PAT1 {

464 : v{} v{} v{}

465: ¢ { PAT1 COMPLETED := TRUE; }

466: }

467: Pattern PAT3 {

468: v{} v{} v{}

469: c—PAT3 COMPLETED = TRUET

470:

12.3 Tjling and synchronization of patterns

Pattern filing is the process of connecting patterns together end-to-end in time and side-to-side by signal.
The following list is a summary of the facilities provided for the purpose of filing and the rules agsociated
with tilipg:

a) PatList and PatSet allow specification of patterns that run $equentially (i.e., one after thg¢ other).
Fach pattern shall run to completion before the next patterf can begin.

b) ParallelPatList allows specification of patterns that runat the same time. The starting of the|patterns
s determined by the keywords, SyncStart, Independent, or LockStep. All patterns shall run to
completion before the next block, PatList, Paralle}PatList, or PatSet, can begin.

c) [f a pattern ends with a Breakpoint statemeht, then that pattern can be extended in time a§ needed
when run in a ParallelPatList. There are two forms of Breakpoint defined in STIL.O: “Bredkpoint;”
semicolon terminated) and “Breakpoint {...}” (followed by a block containing pattern datg). In the
case of “BreakPoint;”, the pattern is extended by holding all signals in the final state asl long as
required. In the case of “Breakpoint {...}”, then that block is repeated as necessary to extend the
pattern.

d) [The “Extend;” statement\can be placed on any pattern in a ParallelPatList, which effectively $pecifies
that the pattern can.be extended. This option allows for extending a pattern without having t¢ modify
the pattern file itself. If the pattern ends with a BreakPoint, then the extend operation is|done as
defined by thatstatement/block. If the pattern does not end with a BreakPoint satement/blgck, then
the last veetor is extended as though the pattern ended with an Extend-semicolon statement

e) [The extend operation is in effect until a new pattern includes the extended signals or until the end of
the outermost PatternBurst.

f)  With regard to synchronizing patterns after a ParallelPatList execution, it is necesssary that any
pattern that terminates early in a ParallelPatList has one of the above extend mechanisms specified;
else it is an error. Also, note that all patterns must terminate or extend to the point in time for the
next pattern to execute. If the cyclized extend is being used, care must be taken that the period
multiples of each pattern in parallel end up with the same composit time (usually accomplished best
when periods of parallel patterns are the same).

g) Two facilities for defining signals are fixed (i.e., that do not change for the duration of a pattern or a
burst of patterns). The Fixed statement may be placed at the top of the PatternBurst; in which case, it
is fixed for all patterns within the burst. The Fixed statement can be placed within a Pattern; in
which case, it is fixed only for the duration of the pattern. If a set of signals is to be fixed and are not
part of any pattern, then a pattern file containing only the Fixed statement is required.
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h)

If patterns running in parallel contain common signals, then the activity on these signal shall be
coordinated in all patterns that use them. The simple method for coordinating signals (see next point
for the other option) is to run the patterns in LockStep and ensure that the same WFT/WFC occurs in
every cycle.

If patterns running in parallel contain common signals where the activity differs, then the
AllowInterleave statement shall be used. This mechanism requires that only one parallel pattern
defines that activity in any given cycle, and every cycle must have one pattern that defines the
activity (i.e., there is no automatic repeat into the next vector).

Figure 2 is an example of pattern tiling using the statements available in the PatternBurst. Refer to
Clause 12.

One example of STIL code that would specify the above action is as follows:

471 :
472
473 :
474 :
475 :
476 :
477 :
478 :
479:
480:
481:
482:
483:
484 :
485:
486:
487 :
488:
489:
490:
491:

signals
-~}
PAT A PAT B
| PAT C
| extend
v
time PAT D (extend)
T
v $¢:<
PAT E f
VWYY
|| [TT]
kextendﬁ PAI;F
' VYWY WYY y

Figure 2—A collection of patterns to be executed

ETIL 1.0 { Design 2005; }
Header (

Source "STD( 1450.1-2005";
Ann {* sub-¢lause 12.3 *}

bignals-{("SIG1 In; SIG2 In; SIG3 Out; }

battfernBurst BURST {
Fixed {’SIG1+SIG2+SIG3’ =\eUUh;}
PFarallelPdlL1IstU SYIICSLArt {
PAT A {Extend;}
PAT B {Extend;}
PAT C {Extend;}
}
Fixed {’'SIG1+SIG2+SIG3 =\eDDX; }
PatList
PAT D {Extend;}
PAT E {Extend;}
PAT F;

}
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de causes the following actions:

PAT_A, pat_B, and PAT_C are initiated at the same time. The prior Fixed statement defines a set of
fixed signals that are not part of any of the three patterns but must be maintained in the specified
state. In this example, SIG1 and SIG2 are held to a static input high state, whereas SIG3 is required
to output a constant output high state.

PAT_A and PAT_B are allowed to extend, because they are expected to complete in less time than
PAT_C. Extending means that the state of all signals at the end of the last vector of the pattern can be
held, which effectively extends the period of the last vector.

PAT_C must run to completion before any further activity in this burst can be started.

PAT_D, PAT_E, and PAT_F are run sequentially, starting immediately after completion of the last
vector of PAT_C.

A new Fixed statement defines activity on SIG1, SIG2, and SIG3. All other unused \signals in
PAT_D go to their default state.

After completion of PAT_D and PAT_E, signals not defined in the pattern to follow are specified to
be extended.

When PAT_F executes, the three Fixed signals are required to remain in the defined fixed states.

nal PatternBurst statements If and While allow selective €xecution of a pattern or pattgrn burst

The following example defines two pattern variables¢(whose scopes are the pattern burs§y named
WITH VARS. The variable COUNT has an initial value, of 25. The variable RESULT initially has an

undefing¢d value and holds the value returned from thesiser function TESTRESULT( ).

492:
493:
494 :
495:
496:
497 :
498:
499:
500:
501:
502:
503:
504:
505:
506:
507:
508:
509:
510:
511:
512:
513:
514:
515:
516:
517:

ETIL 1.0 { Design 2005; }
Header (

Source "STD 1450.1-2005";
Ann {* sub-clause 1204 *}

Variables {

Integer COUNT Y{Inhitialvalue 25;}
Integer RESULT;

// end Variables

Eignals. g
CLKN\In;
X[Ly.16] InOut;

SignalGroups
SOME_PINS = ’X[1..16];
} // end SignalGroups

PatternBurst WITH VARS (
PatList ({
FIRST PAT;
SECOND PAT { If (RESULT :== 1); }
} //end ParList
} // end PatternBurst

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



https://iecnorm.com/api/?name=581060a3120d30ba571337402d58a6f8

IEC 62526:2007(E) ~51-
IEEE 1450.1-2005(E)

518: // The If statement provides control over the execution of second pat.
519: // Execution of second pat depends on the value of the variable RESULT.

520:

521: Pattern FIRST PAT ({

522:
523:
524:
525:

UserFunctions TESTRESULT; //returns a l if last executed vector passed
Loop COUNT { Vv { CLK = P; } }

vV { SOME_ PINS = 11110000 HHHHLLLL; }

C { RESULT := TESTRESULT(); }

526: } //end Pattern

13. Timing-block-and-WaveformTable bloek

This cla

This cld
block. A

13.1 Additional domain specification

definitid

An addjtional domain specification is added to the Timing block to accomodate the new V
n.
TIMING_NAME {

Timing

( Variables VARIABLES_DOMAIN; )*

ey

@)

13.2 C
Additio
resolve

examplg

Table 9

ise defines extensions to STIL.0, Clause 18.

use defines additional constructs supported within the waveform statement of & Wavefo|
11 statements and capabilities as defined in STIL.0, Clause 18 are unchanged.

Timing: Refer to STIL.O for the definitionef the Timing block and statements not define
extension.

Variables: This statement allows reference to a named block of variables (Clause 9).

ompareSubstitute operation—s, S
nal event characters are-defined: CompareSubstitute and CompareSubstituteWindow. Theg
event data with aetual response during test generation or read response data from a dey

code, see Annex I

defines the additional event characters and is incremental to Table 10 of STIL.O.

Table 9—Compare events

mTable

ariables

(D
()
d in this

e events
ice. For

Identifier Icon Definition

S | CompareSubstitute

CompareUnknown, or CompareOff value.

Perform a Compare operation at this time, and return

the value of the resulting operation as a CompareHigh,
>< CompareLow,

s | CompareSubstituteWindow

Terminated by a CompareOff event.

Perform a Compare operation over a period of time,
and return the value of the resulting operation as a

CompareHigh, CompareLow, CompareUnknown, or
CompareOff value.
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The CompareSubstitute event allows stimulus to be defined for device test and supports a mechanism to
acquire the device response to this stimulus. How this response information is returned is outside the scope
of this standard, but an example is provided (Annex I).

The CompareSubstitute event is expected to be found only once in a waveform definition. If multiple
CompareSubstitute characters are present in one waveform definition, then all Compare operations shall
return the same value or the CompareUnknown state shall be returned.

The CompareSubstitute event is expected to be defined in conjunction with a WFCMap definition for each
WaveformCharacter that represents a waveform containing the CompareSubstitute event. The WFCMap
defines what WaveformCharacter values are returned for each supported state value returned by
CompareSubstitute. If no WFCMap is defined, or a WaveformCharacter for a specific Compare value is not
defined |in the WFCMap for this waveform, then the return information is not mapped to\wjaveform
referendes, but explicit \e events are returned with the vector data, as defined in 15.3.

14. SganStructures block

This clajise defines extensions to STIL.0, Clause 20.
The STIL.0 syntax is extended to include additional information (tequired for efficient simulation
(i.e., eliminating the need to serially simulate load/unload cycles) of §ean patterns when the design fincludes
compley scan cells. A “complex scan cell” is defined to be a state)element that is loaded/unloaded by a
single element of the scan chain data, but it may contain multiple States internally. A related operatign is that

of loadipg multiple state elements from multiple elements of-ajscan chain. For example code, see Apnex L.

The STIL.0 syntax is also extended to support scan segments and scan groups. For more informalion, see
14.6.

All other constructs and requirements for STH.0, Clause 20 are unchanged.

14.1 SganStructures syntax

ScanStijuctures (SCAN_STRUGTANAME) { (D
( InheritScanStructurés SCAN_STRUCT_NAME ; ) 2)

( S¢anChain CHAIN_NAME {
ScanLength.integer_expr ; 3)
ScanOutlsength integer_expr ;) @)
ScanEnable logic_expr ;) 5)
Scan€ellType (CELL_TYPE_NAME) { (6)
((If boolean_expr) Cellln INTERNAL-REF-LIST ; )* 7

( (If boolean_expr) CellOut INTERNAL-REF ; )*

g

( ScanCells { (8
(cell_ref (CELL_TYPE_NAME) ; )*
}) // end ScanCells

(Base Hex; ) // optional for cell groups ©))
( Alignment <MSBILSB>; ) // optional for cell groups (10)
})* // end ScanChain
( ScanChainGroups { (11)

( GROUP_NAME { (GROUP_OR_CHAIN_NAME; )* } )*
V) // end ScanChainGroups
} // end ScanStructures
(1) ScanStructures: Refer to STIL.O for the definition of the ScanStructures block and statements not
defined in this extension.
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2

3)

“)

(%)

(6)

(N

InheritScanStructures SCAN_STRUCT_NAME: This statement allows reference to another scan
structure block that is to be included into the current block. All scan chains, scan cells, and scan cell
types in the referenced block become part of the current block. Local definitions shall override
definitions in an inherited scan structure.

ScanLength integer_expr: As defined in STIL.0, with the extension (a) support for integer
expressions and (b) made optional; in which case, the length is determined by the length of the shift
data.

ScanOutLength integer_expr: As defined in STIL.0, with the extension to support integer
expressions.

ScanEnable logic_expr: This optional statement allows designation of a single Signal or a complete
expression to represent the design constraints, if any, necessary to allow access to the scan shift
pperations for this scan chain. See example usage in Annex C.

ScanCellType (CELL_TYPE_NAME): In the new brace delimited form of specifying sean fells, an
pptional cell type name may be defined. The cell type may be unnamed; in which case, it applies to
nll scan cells without an explicit name reference. The cell type can be namedi.in whicl{ case, it
hpplies to all scan cells with the coresponding name. Cell types are valid onl$)in the conteit of the
current scan structure block or any block that inherits this block. The opefation of the cell i defined
by the Cellln and CellOut statements that are contained within the block. If no statemepts exist
within the ScanCellType statement, then no scan data are to be consdmed by that cell (i.e.,[the case
pf a lockup latch).

If boolean_expr): Optional conditional clause on the Cellliiand CellOut statements. The [value of
hoolean_expr is evaluated as necessary by the application\to determine the appropriate adtivity of
fhe scan cell. When True, the following Cellln or «€ellOut statements are applied. Seq 5.6 for
nformation about boolean_expr.

NTERNAL-REF is a name, and INTERNAL-REF-EIST is a list of names of internal netlist ¢glements
separated by whitespace. Internal netlist elements can be internal design nets of scan cell names
cell_ref). Inversion is indicated by inserting the "!" character before or after names. When Cellln
nnd CellOut constructs are inherited <through InheritScanStructure constructs, the namgs of all
nherited netlist elements are prefiked with the INST_NAME (and a period) to identify |specific
nstances of these state element rfames. All references to netlist elements (INTERNAL-REF, INFTERNAL-
REF-LIST, and cell_ref) mustibe within the name space recognized by the STIL inferpreter
e.g., simulator) to enable parallel simulation.

CellIn: This optional statement indicates that the nets in INTERNAL-REF-LIST are to be loagled with
the data value corresponding to the current scan cell, with possible inversion as indicated [by a "!"
Character. A "!".indicates inversion between the input of the scan cell and the optional name [after the
1", If no namie~follows the "!", then the inversion is inside the named scan cell, between| the cell
nput and thé.state element.

CellOuit:“This optional statement indicates that when the boolean_expr is true, the INTERNAL-REF is
Lo be'unloaded (into the scan cell name) with the data value corresponding to the current sgan cell,
with’'possible inversion as indicated by a "!" character. A "!" indicates inversion between the name
preceding the "!" and the output of the scan cell. If no name precedes the "!", then the inversion is
inside the named scan cell, between the state element and the cell output.

Both Cellln and CellOut statements may be qualified by If boolean_expr. It indicates that the nets
in the Cellln and CellOut statements are only to be considered in a pattern where the boolean_expr
is True. See Table 10 for valid use cases for Cellln and Table 11 for valid use cases for CellOut:
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Table 10—Use cases for Cellln

No Cellln statement No information available about scan cell load operations. Full

simulation is required.

Cellln statement The parallel load operation is defined and consistent. No load

operations are to be simulated.

boolean_expr Cellln statements

expr is true. When all boolean_expr are false, the load operation

boolean expr evaluates to true.

The parallel load operation is defined for the case when the boolean

must be evaluated by serial simulation. It is an error if more than one

Both simple Cellln and

The load operation is fully defined. If all boolean expr are false, then

ean_expr Cellln statements the simple cell in block 1s to be executed.

Table 11—Use cases for CellOut

CellOut statement No information available about scan cell unloadoperations. Full
simulation is required.

Out statement The parallel unload operation is defined.and consistent. No load
operations are to be simulated.

ean_expr CellOut statements The parallel unload operation.is,defined for the case when the
boolean expr is true. Whemall’boolean_expr are false, the unloa
operation must be evaluated by serial simulation. It is an error if]
more than one booleamexpr evaluates to true.

h simple CellOut and The unload operation is fully defined. If all boolean expr are fals
ean_expr CellOut statements then the simple eell in block is to be executed.

o

ScanCells: This statement shall appear at most once in a scan chain block. It is used to d
prdered list of scan-cell-names associated with a scan-chain. See 14.2 for the for the allowed
for a cell_ref. The block form.ef.this statement allows for reference to a scan type block thal
complex scan cells. For example code, see Annex L.

Base Hex: This statement i$ optional and is used when the referenced list of scan cells is to
hs a cell group. The@nly attribute allowed is Hex. Note that this does not control the forma
for scan shifting, which is specified in the ScanIn/ScanOut signal definition. See also the s
Alignment. For information about cell groups, see 14.6.

Alignment. <MSBILSB>: This statement is optional and is used when the referenced list
Cells is_fo be used as a cell group. This statement is only applicable when data are specifie
hnd specifies whether the most significant bit of the hex data is to be aligned with the first c
Chainy (MSB) or whether the least significant bit of the hex data is to be aligned with the la

tfine the
formats
defines

be used
t of data
atement

of scan
d in hex
11 of the
t cell of

ne chain (LSB). FOr miormation about CEll groups, se€ 14.0.

(11) ScanChainGroups: A scan chain group is a shorthand way for specifying a set of scan chains. The

names that comprise a group shall be chain names or other group names, and they shall be defined
either in the global ScanStructures block or the current named ScanStructures block in effect. The
named groups can be referenced by the ActiveScanChains statement in a macro or procedure to

specify the active scan chains for a shift operation (see 14.3 and 14.5).
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14.2 Scan cell naming—cell_ref, chain_ref, cell_group, chain_group

The naming and grouping of scan cells involves the concepts as defined here. Refer to 14.1 for the definition
of scan cell definition statements.

a)

b)

d)

cell_ref : A scan cell reference is one of the following:
1) A scan cell name.

2) A set of scan cell names of the form name[...].

3) A scan chain name, as determined by the global ScanStructures block or the current named
ScanStructures block in effect. Note that a scan chain name may refer to either a complete scan

chain, a chain segment, or a cell group (per 14.6).

chain_ref: The name of an individual scan chain that is constructed of an ordered sequencs
Cells. A scan chain is defined in a ScanStructures block. Unlike scan cell names (and\lik
broup names), scan chain names are only valid when they are in scope. A scan chain na
scope if

1) Itis defined in the global ScanStructures block.

B) It is explicitly specified with the domain::name construct.

A scan chain comprises names and symbols as follows:
1) Scan cell name: following the naming rules of STIL.Qs-Subclause 6.8.

P) Indexed sequence of names: defined by enclosing th¢ indices in square brackets.

(I EEN

B) Inversion symbol exclamation point (usediwithout double quotes).

1) Scan chain name: A scan chain name that is‘defined either in the global scan structurg
or the current named ScanStructures block-in effect.

rcell_group: An arbitrary, ordered list of s¢an cells. A cell_group is defined with the same sy
chain_ref and follows the same rules for'scoping. The difference between these two concep
the cell_group has no requirement for physical connection of the cells. It is intended for ¢
dentification of like cells or the-accessing of cells in a simulation operation using direct ¢
the cell.

rhain_group: A collection of scan chains. A chain group is defined in the ScanChainGrou
nside of a ScanStrugctutes block (Figure 3).

ScarjStructures {

}

ScpnChainyCH1 {

ScanChain CH2 {

SchnChain SEG_{

of scan
e signal
me is in

D) Itis in the currently named ScanStructures block in effect (as determined in a PatternBurst).

s blocks

htax as a
(s is that
ither the
ccess to

ps block

canCells { C\I; C2; C3; C4; }
}

$canCells { A; B; C; D; SEG; }

}

ScanCells { E; F; G; H; !; SEG; }

}

Figure 3—Referencing shared scan segments
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The following code shows an example of each form of syntax:

527: STIL 1.0 { Design 2005; }
528: Header {

529: Source "STD 1450.1-2005";
530: Ann {* sub-clause 14.2 *}
531: }

532: ScanStructures STRUCT1 (

n name.
ks. The

nd there

533: ScanChain CHAIN1 {

534: ScanCells { CXX[1..99]; }

535: }

536:

537: $canStructures STRUCT2 (

538: InheritScanStructures STRUCTI1;

539: ScanChain CHAIN2 {

540: ScanCells { CYY[1..99]; }

541: }

542: ScanChain CHAIN3 {

543: ScanCellType MS { CellIn MASTER ! SLAVE;( }
544: ScanCells {

545 CELLL;

546: CELL2 MS;

547: CELL3; !;

548 : CELL4;

549: CHAINL;

550: CHAIN2;

551: }

552: }

553:

14.3 Sgoping rules for SecanStructure blocks

A Scan$tructues block may jbe either un-named (i.e., anonymous or global) or it may have a doma
These Hlocks follow sitilar domain rules to the SignalGroups, Procedures, and MacroDefs blo
scoping|rules are asifoHows:

a) [There maybe a global (anonymous) ScanStructures block. The global block is optional, a
shalllbe only one.

b) JAny’number of ScanStructures blocks with domain names are allowed.

c¢) The ScanStructures domain to be used by a procedure or macro is specified in the PatternBurst
block, which thereby allows the reuse of patterns. The statement to select a scan structures domain is
“ScanStructures SCAN_STRUCT_NAME;”.

d)  Scan chain names and scan chain group names exist in the same name space, and hence there are no
restrictions between addressing of chain names and group names.

e) Chain or group names in a global ScanStructures block may be overridden by the definition in a
named ScanStructures domain; in which case, the definition in the named domain is used and the
global definition is ignored.

f)  Multiple named domains may be selected; in which case, all chain and group names must be unique
across all selected domains.
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14.4 Example indexed list of scan cells

The ScanCell naming constructs allow cells to be expressed as a list using the same notation defined for

Signals and SignalGroups in STIL.0, Subclause 6.10. An example is shown as follows. Note

that the

presence of inversion between cells requires multiple sets of cellnames to be present to represent the

inversion at the correct point in the list:

554: STIL 1.0 { Design 2005; }
555: Header (

556: Source "STD 1450.1-2005";

557: Ann {* sub-clause 14.4 *}

558: }

559:

560: $ignals { SI1 In; SO1 Out; }

561:

562: $canStructures

563: ScanChain CHAIN1 ({

564: ScanLength 100;

565: ScanIn SI1;

566: ScanOut SO01;

567: ScanCells AA[1..50] ! AA[51..100];

568: } // end ScanChain

569: // end ScanStructures

570:

571: /* Once a scan chain is defined asvan indexed list, then if] can
be referenced in statements that need to*access these cells, as shopn in
the f¢llowing example. Note: This examplée is taken from IEEE P1450.6|, but
becauge it is within an Environment block, it should be ignored by a| IEEE
1450.) parser and processed only beva IEEE 1450.6 parser. */

572: Environment {

573: CTL

574 : Internal

575: SIG[5..9] {IsConnected In {StateElement Scan CHAIN1 AA[23..247];} }
576: SIG[12..22] {IsConnected In {CoreSignal COREX AA[55..65]|;} }
577: } // end Internal

578: } //end CTL

579: // end Environment

14.5 Example/of'ScanChainGroups and ActiveScanChain

The following-¢xample uses the ScanChainGroups statement in the ScanStructures block to indicafe chains
that opeyate‘fogether, and it uses the ActiveScanChains statement in the Procedures block to select which of
the groups is being used:

580: STIL 1.0 { Design 2005; }

581: Header (

582: Source "STD 1450.1-2005";

583: Ann {* sub-clause 14.5 *}

584: }

585:

586: Signals {

587: CLK1l In; CLK2 In; SE In; MODE In; MCLK In;

588: SI1 In { ScanIn; } SI2 In { ScanIn; }

589: S0l out { ScanOut; } S02 Out { ScanOut; } S0O3 Out { ScanOut; }
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590: }

591: SignalGroups ({

592: _SI1='SI1'; S01='S03';

593: _SI2='SI1+SI2'; S02='S01+S02';

594 : _SI3='SI1+SI2'; S03='S01+S02';

595: }

596:

597: ScanStructures ALL (

598: ScanChain A 1 { ScanIn SI1; ScanOut SO3; }
599: ScanChain B_1 { ScanIn SI1; ScanOut SO1; }
600: ScanChain B_2 { ScanIn SI2; ScanOut S02; }
601: Seanthetnr€—+{ScanfrSIt—Scantut—S56+—
602: ScanChain C_2 { ScanIn SI2; ScanOut S02; }
603: ScanChainGroups {

604: GROUP A { A 1; }

605: GROUP B { B 1; B 2; }

606: GROUP C { C 1; C 2; }

607: }

608:

609:

610: Procedures {

611: LOAD_ UNLOAD {

612: ¢ |

613: CK1=0; CK2=0; MCLK=0; SE=1;.MODE=0;
614 : SI1=0; SI2=0; SOl=X; S02=X37S03=X;
615: }

616:

617: ActiveScanChains GROUR(B;

618: V { MODE=0; MCLK=P; } // chain selection
619: V { MODE=1; MCLK=P% "} // chain selection
620: Vv { MCLK=0; }

621: Shift

622: V { _SI2=##; _SO2=##; CK1l=P; }

623: }

624 :

625: ActiveScanChains GROUP_A;

626: V {H)MODE=0; MCLK=P; } // chain selection
627: V {*MODE=0; MCLK=P; } // chain selection
628: v { MCLK=0; }

629: Shift

630: v { STi1=#: SOl=#: CKl=P; }

631: }

632:

633: ActiveScanChains GROUP_C;

634: Vv { MODE=1; MCLK=P; }

635: Vv { MODE=0; MCLK=P; }

636: v { MCLK=0; }

637: Shift

638: V { _SI3=##; _SO3=##; CKl=P; CK2=P; |}
639: }

640: }

641: }
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14.6 Scan chain segments and cell groups

The primary application of scan chains is to scan data into or out of a DUT. However, there are two
associated uses of this construct also: scan chain segments and cell groups.

A scan chain segment is a ScanChain block that (typically) does not contain a Scanln or ScanOut statement.
The name of a scan chain segment is in the same name space as the scan cells. When the name of the
segment is referenced in some other scan chain, then the whole chain (i.e., list of cells) is included in this
new chain (see 14.2 for naming rules for cells and cell domains).

A cell group is syntatically identical to a scan chain. The difference being that there is no expectation that

the cells are actually connected physically in the design. The grouping is typically used to group cel
functionality (i.e., an address or data bus). The ordering of cells in a group is typically to indicate
arithme
the data in the cell group. The name of a cell group is in the same name space as the sc¢an cd
applicatjon is responsible for knowing which names are appropriate to use as cell groups:

Complefe scan chains are identified by the presence of either a Scanln or a ScanOut statemer
ScanChiiin block. All other scan chains are either partial chain segments of cell groups that c
accesse

The follpwing example shows the use of the ScanStructure block to create cell groups:

642 :
643:
644 :
645:
646:
647 :
648:
649:
650:
651:
652:
653:
654 :
655:
656:
657:
658:
659:
660:
661:
662:
663:
664:
665:
666:
667:
668:
669:
670:
671:
672:

s of like

ic significance. Two new statements (Base and Alignment) are available to specify the.attri

| directly by a tester.

ETIL 1.0 { Design 2005; }
Header {

Source "STD 1450.1-2005";
Ann {* sub-clause 14.6 *}

Eignals
SI In { ScanlIn; }
SO out { ScanOut; }

EcanStructures STRUCTL(
ScanChain CHAINLJ {
ScanIn SI;
ScanCellg™{ A; B; C[0..63]; D[0..19];}

}

EcanStructures STRUCT2
Scan€hain CHAIN2 {
S¢canOut SO;
ScanCells { E[23..0]; F; G; H; }

logic or
butes of
11s. The

t in the
iInnot be

]
J
}
ScanStructures GROUPS {
ScanChain GROUP1 {

ScanCells {A; B; F; G; H; }
}
ScanChain GROUP2 {

ScanCells { c[0]; D[0]; E[0]; }
}
ScanChain GROUP3 ({

ScanCells { A; C[10..15]; }

}
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673: ScanChain GROUP4 {

674 : ScanCells { A; B; CHAIN2; }
675: }

676: }

15. Pattern data

This clause defines extensions to STIL.O, Clause 21.

This clause defines additional capabilities for defining pattern data. All statements as defined in STIL.O,

Clause 21 are unchanged.

Table 12 defines the complete set of backslash operators as defined in both STIL.0 and STIL.1. T
column [of this table is the bnf definition of the allowed syntax, where the terms used in, the bnf ard

as folloys:

*namge
integg

—

space
hex_number
wfc_list
wifc_¢ontainer
wic_gef

drive| event
compgre_event
expedt_event
unresplved event
event| list

term

Per the dlefinitions in Table 12) the following examples are possible combinations:
— Combinations allowed: \mH \m\mH \j\mH
— Combinatiohs NOT allowed: \m\jH

As defined in STIL.0, Subclause 6.10 (Note: allows “name’” and name[n..m] 4

As defined in STIL.0, Subclause 6.12, or an integer expfession comprising lit
constants

Any whitespace character

As defined in STIL.0, Subclause 6.12

As defined in STIL.0, Subclause 6.15

< signal_name | signal_group_name I'Ssighal_variable_name | wfc_constant_n
< wfc_list | \m wfc_list | “\W”wfc~Container > term

<“D” U 127 1<“P” >

<L TEH? X7 T RSV T L7 9 1947 1487 1487 >
<“R”14“G” 14Q7 | “M” >

N7 LEUS” A7 ISB™M “F7 14?7 >

(< drive_event heompare_event | expect_event | unresolved event >)+
<>

e usage
defined

ormats)
rals and

hme >
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Table 12—Backslash pattern data operators

. Usage
Operator | Result Std Function (defined in bnf)
\d WEC STIL.O decimal representation of | \d (wfc_list) integer space term
WEFCs
\e event STIL.O list of events \e event_list term
\h WEC STIL.O hex representation of \h (wfc_list) space hex_number term
WEFCs
\j WEC STIL.1 join WFCs on two signals | \j wfc ref term
\l WEC STIL.O length specifier \l integer space
<
wfc_ref
I'\h (wfc_list) space hex{humber
I\d (wfc_list) integ€r-space
I'\e event_list
> term
\m WEC STIL.1 map WFC to WFC \m wfc_refiferm
\r WEC STIL.O repeat list of WFCs \r integ€t Space
<wfc_ref | \h space hex_number | \fl
integer space | \e event_list >
term
\w WEC STIL.O list of WFCs \w wfc_list term
\C event STIL.1 return list of compare \C wfc_container term
events
\D event STIL.1 return list ofddrive events \D wfc_container term
\E event STIL.1 return list of expect events | \E wfc_container term
\S WEC STIL.1 réturn substitute WECs \S wfc_container term
(I.e., read back)
\U event STIL.1 return list of compare \U wfc_container term
events
\W WEC STIL.1 return list of WFCs \W wfc_container term
15.1 Data content read back—\C, \D, \E, \S, \U, \W
This supcladse defines syntax for manipulating pattern data by providing read back of the contents of

signals, signal groups, variables, and constants. The readback function is of the form:

\readback_function SIGNAL_NAME
\readback_function SIGNAL_GROUP_NAME
\readback_function SIGNAL_VARIABLE_NAME
\readback_function WFCCONSTANT_NAME

The allowed values for readback_function are

\C SIGNAL-OR-GROUP-NAME—return the last compare event. In the case of a group, return a string of
the last compare event for each signal of the group. If no compare event has been established, then

return ‘~’ (the tilde character).
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Read-bgck functions determine the current value that is defined for(a'signal, signal group, signal vaj

WEC ¢

charactdr in front of the name. A space between the escape,sequence and the name is optional. Wh
read-ba¢k function is used on the right or left side of .a pattern data expression, the backslasl
sequencp must be used; i.e., there is no default.

Read-bqck functions that return events (i.e., \C,\D}}\E, \U) are only allowed on signals and groups
the ever

When specifying event names on read-back functions, only the single character representation shall
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\D SIGNAL-OR-GROUP-NAME—return the last drive event. In the case of a group, return a string of the
last drive event for each signal of the group. If no drive event has been established, then return ‘~’

(the tilde character).

\E SIGNAL-OR-GROUP-NAME—return the last expect event. In the case of a group, return a

string of

the last expect event for each signal of the group. If no epect event has been established, then return

‘~’ (the tilde character).

\S SIGNAL-OR-GROUP-NAME—return the last WFC/WFC-list that was established using a substitute
(s or S) event in a waveform. In the case of a group, return a string of WFCs for each signal of the
group. The actual WFC is determined by the WFCMap statement. If no substitute has been
established, then return ‘~’ (the tilde character). For further information, see CompareSubstitute

(13.2) and WFCMap statement (10.1).

pf the last undefined event for each signal of the group. If no undefined event has been est
then return ‘~’ (the tilde character).

W SIGNAL-OR-GROUP-OR-SIGNALVARIABLE-OR-WFCCONSTANT-NAME—return-the)last WF
for each signal of the group. If the last WFC was established by a parameterusing # or %,
Note: This should never happen on the readback of a signal or gro@p because it is require

nitial WFC be defined on the first vector of any pattern.

nstant. These read-back functions are identified by the\backslash escape character and a

U SIGNAL-OR-GROUP-NAME—return the last undefined event. In the case of a group, retur a string

\blished,

C/WEFC-

ist that was established using a V or a C statement. In the case of a group, réturfi a string ¢f WFCs

then the

substituted WFC is returned. If no WFC has been established, then return ‘~’ (the tilde chlaracter).

| that an

iable, or
function
enever a
| escape

because

ts that make up a WFC are only known-when the signal or group is referenced to a wavefofm table.
The readl-back functions that return WFCs (i.e4, \S, \W) can be used on signals, groups, signal varia
WEC cdnstants.

bles, and

be used;
h) is not

i.e., \C group == HHHLLL) is.allowed; (\C signal == H) is allowed; and (\C signal == CompareHig
allowed

677: $TIL 1.0 { ‘Design 2005; }

678: Header (

679: Souxce "STD 1450.1-2005";
680: Apn{* sub-clause 15.1 *}
681:

682:

683: Signals {

684: SIG Out { WFCMap {S->LH;} }
685: SIGS[1..4] InOut;

686: SIGl In; SIG2 In;

687: }

688: SignalGroups {

689: GRP = ’'SIGS[1..4]";

690: }

691: Variables {

692: SignalVariable SIGVARI[1..4];
693: }
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694 :
695:
696:
697:
698:
699:
700:
701:
702 :
703:
704 :
705:
706 :
707 :
708:
709:
710:
711:
712
713:
714 :
715:
716:
717
718:
719:
720:
721:
722
723 :
724 :
725:
726 :
727 :
728 :
729:
730:
731:
732:
733:
734 :
735:

Timing {
WaveformTable WFT
Waveforms
SiG { rHs { ’'25ns’ L/H/S; }}
GRP { LHS { ’25ns’ L/H/S; }}

Iy

Pattern PAT1 ({
// Examples of read back functions

W WFT;

v { s1¢ = L; }

AN X B~k T L) Y7 : ISR ¢ 94 nPalls o : 1 I

L L \NANAl o LT _—— py 1 I 77 1roC 3irntc tast vvi \./JUI Lreed otélu/u wWwus L

v { sI¢ = s; }

If (\SSIG == H) {} /trueifvalue read by the prior S event mapped to WECH
If (\DSIG == \eU) {} /trueifthe last drive event was drive-up

If (\CSIG == \eH) {} /trueifthe last compare event was compare high

vV { GRP = HHHH; }
If (\W GRP == HHHH) {} /true since last WFC for this group'wWas HHHH
v { GRP = SSSS; }
If (\SGRP == HLHL) {} //true ifthe last group substituie-mapped to HLHL
If (\DGRP == \eDDDUUU) {} /true iflast drive evenss for the group were DDI]

// Examples of read back into signal vari@bles using read back fun
C {SIGVAR = \W GRP;}

If (\W SIGVAR == HHHH) {}
C {SIGVARI[1] = \W SIG;}
If (\W SIGVARI[1] == H) {}

// The following is an example of anzerror return on \W function
brocedures {
"var ex"
c { sIG1 = #; }
If (\W 8Iel == ~) { Vv { SIGl1=B; SIG2=C; } }
Else {/W"A{ SIG2=\W SIG1; }} /bothSIGI and SIG2 are assigned to inp

battexn PAT2 {
Ca¥l "var ex"; // no value passed to SIG 1

uuu

ttions

t param

Call "var ex! {STa1=n;} VWFCA s passedio SIG]

15.2 Vector data mapping and joining—\m, \j

This subclause defines syntax for use within pattern data for either mapping WFCs to other WFCs or for
combining WFCs into a single WFC. For example code, see Annex G and Annex H. The syntax is defined

as

SIGNAL = \m wfc;

GROUP = \m wfc-list;

SIGNAL = \j wfc-1; signal = \j wfc-2;
GROUP = \j wfclist-1; \j wfclist-2;
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SIGNAL, GROUP is the signal that is to be mapped or joined in the pattern data

wfc is a FROM_WEFC that is to be mapped according to a WFCMap statement for a signal

wfc-list is a string of FROM_WEFCS that are to be mapped according to a WFCMap for a signal
group

wfc-1, wfc-2 are two FROM_WFC characters that are to be joined according to a WFCMap for a
signal

wfclist-1, wfclist-2

signal group.

are two strings of FROM_WFCS that are to be joined according to a WFCMap for a

Refer to the WFCMap statement (Clause 10 and Clause 11) for the definition of the mapping/joining syntax.

The Wﬁmmmmmmmm
waveform character to use in resolving a vector.

The ma
useful i
The join

To use the mapping/joining of WFCs, two new flags are added to the cyclized pattern data: \m indid
ed mapping from a single WFC should be used; and \j indicates thaf'the defined mapping from two

the defif
WEFCs 5
assignmy
to the W

The \m
WEC ig
mapping
sigref_e

If the v
compon
but no

The foll

bping function (\m) allows for a new WFC to be selected for a given WFC in a vector. I
the case of parameter passing to a macro or procedure that it can be used anywhere a WFC
function (\j) allows two WaveformCharacters to be specified for the same signal in one ve

hould be used. When \j is used, both assignments shall be preceded by \j. No more tha
ents to the WFC of a given signal may occur in a vector or condition. If there is only one ass
FC of a given signal, then a \j, if present, is ignored.

ind \j flags apply to all WFCs up to a space or a sendicolon. A space between the \m or \j and

optional. The WFCMap is applied only once;Cise., the mapped WFC is not subject t
. If \m or \j are used for a sigref_expr that does not define a WFCMap, then the compg
kpr are descended until the first correspondig WFCMap is found.

ector mapping \m is used but no WECMap has been defined for the WFC (for sigref_ex
ents), then the WFC is used unchanged. If the vector mapping \j is used for two WFC assig

VECMap has been defined for they WFC combination, it is an error condition.

pbwing examples are of pattern data containing these special mapping characters:

resultant

is most
is used.
tor.

ates that
n two \j

ignment

the first
further
nents of

pr or its
nments,

736: $TIL 1.0 { Dedign 2005; }

737: Header

738: Source 4STD 1450.1-2005";

739: Ann {*{sub-clause 15.2 *}

740 :

741: Variables { SignalvVariable VARX[1..4]; }
742: $ighals

743 : STC—ITToUt < WFCMap {AB=ST7 X=SB7 T
744 : SIGS[2..8] InOut;

745: }

746: SignalGroups {

747: ALL = SIG+SIGS[2..8] { WFCMap {0->L; 1->H;} }
748: }

749: MacroDefs

750: MM {

751: Cc { VARX = #; }

752: v { ALL = 1100 \m1100; } #ALL=1100HHLL
753: v { ALL = 1100 \m 1100; } #ALL=1100HHLL
754 : v { ALL = \m 1100 1100; } /ALL=HHLL 1100
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755 : VvV { ALL = 1100 \m####; } /ALL=1100 HHHH
756: v { ALL = 1100 \m\W VARX; } #/ALL=1100LLLL
757: v { sic=\jA; SI1cG=\3jB; } //SIG = 1
758: v { sic=\jAa; sic=\j\mx; } /SIG=1
759: v { SIG=\jA; SIG=\m\jB; } /#ERROR - map after join is not allowed
760: }
761: }
762: Pattern P {
763: ¢ { ALL=0000 0000; }
764: Macro MM { SIGS[5..8]=1111; VARX=0000; }
765: }
15.3 Specifying event data in a pattern—\e
This subclause defines syntax for specifying events in pattern data instead of WFCs. The syntax i defined
as
\e epent-list
The oveyride flag \e is added to the vec_data flags for specifying raw event data; an event-list is one|or more
waveform events as defined in Table 13. The \e applies to all characters that follow until the occurrgnce of a
space o1l a semicolon. A space between the \e and the first event is optional:The \e shall not be used fo assign
events tp signal variables or WFC-constants. See Table 1 for the list{of allowed events. For a givep signal,
there shpll be a maximum of one drive event and one compare event defined in any cycle.
Table 13—Waveform events in pattern data
Drive Drive Compare Compare
event action event action
High U drive high at'start of period H,h H = high edge strobe at perigd
start; h = start high window
compare at period start
Low D drive low at start of period L,1 L =low edge strobe at period|start;
1 = start low window comparf at
period start
Off 7 drive off at start of period T, t T = tri-state edge strobe at pgriod
start; t = start tri-state windoy
compare at period start
Don’{ compare n/a n/a X, x do not compare; terminate window
compare; takes effect at perigd
start
Unspecified N drive high or low S,s S = compare H/L/T at period start;
(application can choose) s = start window compare h/l/t at
period start; actual state unknown;
also used for block read
Unknown ? input/output and level are ? input/output and level are
unknown unknown
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An example of when the event data are useful is in simulation. When specifying data for simulation
stimulus, it is often the case that the desired level of a given signal (input drive or output compare) is known,
whereas the exact timing waveform that is appropriate for the cycle is not known. It, in many cases, is why
simulation for test generation is performed. The simulator (or STIL consuming cosimulation engine) would
use the raw data and the conditions of the device under simulation to determine the WaveForm Character,
which will be included in the test pattern.

The following example is of a Pattern block indicates how data can be specified without specifying the
waveform characters to be used to reference to the WaveformTable. A WaveformTable reference is still
made in a raw pattern, because the successful waveform will ultimately come from that table. This example
also illustrates the ability to mix raw and resolved data (see the CLK signal):

766: $TIL -0 { DeSigm 20057

767: Header (

768: Source "STD 1450.1-2005";
769: Ann {* sub-clause 15.3 *}
770 :

771 :

772: $ignals

773 : CLK In; SIGA InOut; SIGB In;
774 : BUSX[1..8] 1In;

775: BUSY[1..8] Out;

776 :

777 :

778: Timing

779: WaveformTable MY TIMING (
780: Waveforms

781: "CLK+SIGA+SIGB+BUSX+BUSY! {
782: A { /% waveform defs for A %5
783: B { /*waveform defs forB */ }
784 : }

785: }

786 : }

787 :

788 :

789: Pattern WITH(RAW EVENTS

790: WaveformTable MY TIMING;
791: V { CLK™= 1; SIGA = \eU; SIGB = \eL;}
792: v {\SIGA = \eH; SIGB = \eD;}
793: v( {{*BUSX = \eUUUUDDDD; }

794 : U/ { BUSY = AABB \eXXX A; }
795:

15.4 Using expressions within pattern data

When expressions are used in pattern data, they shall always be enclosed in parentheses. The only place
where expressions are allowed in pattern data is to represent the integer value for the operators: \d, \l, \r. The
following examples are of pattern data using expressions:

V { FOO = XXX \1(K+1l) XXXXX XXXXX; }

v { FOO = XXX \r(K+1) X; }

v { FOO = \d (K+1); }

v { FOO = XXX \1(LEN) \dLH (K+1) XXX; }
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16. Pattern statements

This clause defines extensions to STIL.O, Clause 22.

This clause defines additional statements that are allowed within the Pattern block. All constructs and
definitions of STIL.0, Clause 22 remain in effect.

16.1 Additional Pattern syntax

Pattern

statements:

(LABEL : ) If boolean_expr { (PATTERN_STATEMENTS)* } ( Else { (PATTERN_STATEMENTS)* } ) (1)

(LA
(LA
(LA
(LA
(LA
(LA
(LA
(LA
(LA

ey

@

3)

BEL : ) While boolean_expr { (PATTERN_STATEMENTS)™

BEL : ) F(ixed) { (cyclized-data)* (non-cyclized-data)* }

BEL : ) E(quivalent) ( \m) sigref_expr)* ;

BEL : ) LoopData { ( PATTERN-STATEMENTS )* }

BEL : ) Loop integer_expr { ( PATTERN_STATEMENTS )* }

BEL : ) ActiveScanChains (GROUP_OR_CHAIN_NAME)+ ;

BEL : ) AllowInterleave sigref_expr;

BEL : ) BreakPoint {}

BEL : ) X X_REF_ID ;

[f/Else boolean_expr: Defines a block of PATTERN_STATEMENTS to be executed onl
boolean_expr is true. The value of boolean_expr is determined at the point that execution

s false. For example code, see Annex D.
The following rules and restrictions applies to If/Else Statements:

— The If/Else shall not be used to condition, the execution of a Shift block (see
Subclause 24.5 for the definition of Shiftsoperation and data substitution).

— The statements within an If/Else blockthave the same effect and scope as if they wg
executed outside of the block; i.e., the'statement “If (xxx) { Fixed yyy; }” will be in ¢
the rest of the pattern if ‘xxx’ eyaluates to True.

While boolean_expr: Defines a block of PATTERN_STATEMENTS to be repeatedly executed
hs the boolean_expr is True,~The value of boolean_expr is reevaluated each time execution
this statement. For example eode, see Annex E.

Else statements).

F(ixed): This statement allows the specification of signals that are to remain in one stat
Femainder of the pattern or procedure. The signals may define a fixed static state or may be
n WFC that is to be repeated. The list of signals in the sigref_expr shall not be used it
Condition; macro, or procedure statements for the remainder of the pattern. If a signal is fi
WFC;-then that WEC shall be defined within each WFT that is selected for each vector. I

)
3
4
()
(6)
@)
(8)
9
(10)
if the
reaches

this statement. The optional Else block contains pattern statethent that are executed if booldan_expr

STIL.O,

re to be
ffect for

as long
reaches

The rules and restriction\defined for the If/Else statements also apply to the While statemenit (see If/

e for the
hssigned
| vector,
xed to a

a static

“

&)

fixed value is desired, then this can be accomplished using the \e syntax (see 15.3), which

requires

no WFC/WFT definitions. For example code, see 12.3, 16.2, and Annex J.

E(quivalent): Statement to establish WaveformCharacter relationships between signals. Equivalent
statements do not define event sequences and are executed in zero-time, in the same manner as
Condition statements defined in STIL.0. See 16.2 for a complete definition of this statement. For

example code, see 16.2 and Annex J.

LoopData: The Loop construct is expanded to support the keyword Data. This construct is used

only for Loops inside Macro and Procedure bodies. This Loop statement iterates, replacing

each ‘#

parameter with a data value until no more data values are defined. Short parameter strings are
extended by replicating the last WFC until the longest parameter has been exhausted. It is an error if

all data values are not consumed by the ‘#’ parameters in the Loop. Early termination may
by use of “If () GoTo LABEL;”. For example code, see 16.3 and Annex E.
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(6) Loop integer_expr: The Loop construct is extended to allow a variable expression of type integer.
The Loop statement iterates for the number of times indicated by the evaluation of the expression.
The Loop value may be either an expression or a constant, and in either case the loop value is
evaluated only once at the beginning of the loop. Changing of a variable within a loop has no effect
on the current loop count. Note: For run time control of a loop, use the While statement. For
example code, see 16.4.

(7) ActiveScanChains: This statement is used to specify the scan chains that are active for all vectors
and shift operations that follow, up to the next ActiveScanChain statement or the end of the current
Pattern or Procedure. This statement (like the Shift statement) shall only be used within a Procedure
or a Macro block. Multiple ActiveScanChains statements may occur within a Macro or Procedure
block. This statement has no effect on the execution of the pattern on an ATE system, but it is used

V2 dpcign taols to verifyv correct ]nading/nn]nading of scanchainsin a pattern For P\mmr\lp code, see

14.3 and 14.5).

(8) AllowInterleave: The AllowInterLeave statement identifies a set of signals in a Pattern, Prpcedure,
pr Macro that are shared between multiple patterns running in LockStep. Any signal identiffed as an
nterleaved signal shall not maintain the last defined WFC on that signal (no dmplicit persiistence),
but each resolved Vector shall define a WFC for that signal. For example(code, see Annek F. The
following rules apply to interleaved signals:

— The AllowlInterleave is only allowed in conjunction with ParallelPatList block with Lo¢kStep.

— The AllowInterleave, when present, shall appear before the fitst Vector of the context [Pattern,
Procedure, or Macro)

— For each vector, only one pattern shall define a WFC-fer/an interleaved signal.

— On a given vector, it is allowed for multiple pattetns to define a WFC on an interleavgd signal
as long as it it the same WFC. Otherwise, it is<an"error. This rule is true regardless of|whether
the AllowInterleave has been specified (i.e.‘the base pattern may have common signjals with
common activity, and when a procedure or macro is invoked, the signals go into ifterleave
mode for the duration of the procedure-of macro).

— The WEFC of an interleaved signal is\iot carried over to the next Vector in sequence.
— If, on a given vector, no LockStep pattern defines a WFC, then it is an error.

— When a procedure or macrd.is invoked, the interleaved signals do NOT persist into or gut of the
procedure or macro. The interleaving is defined only for the duration of the procedure ¢r macro
in which it is specified-
(9) BreakPoint: The BreakPoint functionality is as defined in STIL.0, with additional behgviors to
support parallel dperation of patterns under a ParallelPatList block. A BreakPoint block can be
Fepeated as necessary to allign parallel patterns. The definition of the application of this cappbility is
fo be specified-in the standard or tool that uses it. See 12.3 for applications in a PatternBursf.

(10) K: The X statement (which is short for cross-reference) is used to identify key places in th¢ pattern
that are used for collecting data during the device test process and reporting that data t¢ a post-
processing tool. The post-processing tool, most likely, is closely related to the tool that crg¢ated the
I'lL pattern 1n the Tirst place. The X statement 1S optional and may be used 1n any pattern, macro, or
procedure. Refer to PatternFailReport (Clause 20) for definition of usage of the X statement.

X_REF_ID: The keyword is followed by an identifier that may be either a user-defined name
(according to the rules of STIL.O, Subclause 6.8) or an integer.

If the X statement is present in a Pattern block, it typically indicates the beginning of a “pattern unit”
(where a “pattern unit” is a sequence of vectors that makes up a test as created by an automatic test
pattern generation tool), which is typically used in the context of scan and comprising a scan-in,
some activity to DUT pins, followed by a scan-out.

If the X statement is present in a Macro or Procedure block, then the associated identifier or integer
is appended to the identifier from the calling pattern according to rules as defined in the
PatternFailReport (Clause 20).

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



https://iecnorm.com/api/?name=581060a3120d30ba571337402d58a6f8

IEC 62526:2007(E) ~ 69—
IEEE 1450.1-2005(E)

16.2 Vector data constraints—F, E

Structured test patterns often have signals constrained to have a certain value or waveform during a pattern
sequence. It may be required, for example, for ATPG scan rules checking (such as a test mode signal always

active) or for differential scan or clock inputs. These constructs help reduce pattern volume, as the v

alue of a

constraint signal does not need to be specified explicitly in the pattern data. Also, ATPG rules checking

requires signal constraint information as input.

Two new STIL pattern statements are defined:
(LABEL : ) F(ixed) { (cyclized-data)* }

The Fixgd-statement-defines-stimulus-and/or responsefixed for all subsequentvectors,until the ¢
current Pattern or Procedure. Every Procedure starts its own environment, not inheriting Fixed data
caller. After return from a procedure, the Fixed values of the caller are reinstantiated. Subsequen
may red
vector i$
effect.

followirlg cycles within its scope:

allowed to define a WaveformCharacter assignment in contradiction with the Fixed state

LABEL : ) E(quivalent) ( \m) sigref_expr )* ;

d of the
from its
vectors

ndantly define the same WaveformCharacter assignments as in the Fixed statements; howlever, no

ments in

he Fixed pattern statement does not result in a tester cycle, but constrains, and sets valugs for all

The Eqgivalent statement defines an equivalence relationship betweentwo or more signals. Equfivalence

means that the signals are assigned the same WaveformCharactef’ Or a signal or signal exprg
optionally preceded by \m to indicate that the WaveformCharacternisto be mapped before the equiv
applied.|All signal expressions in each sigref_expr shall have the same number of signals; the first s
the signpl expression are equivalent, the second signals of all.signal expressions are also equivalen
on. Notg that even though the equivalence can be specified on a per-pattern or per-procedure b
mapping function is per-signal and cannot be redefined.

The scdpe of the equivalence extends to all subsequent vectors until the end of the current P
Procedufre. Subsequent vectors may redundantly define the same WaveformCharacter assignments
equivalgnt statements; however, no vector”is allowed to define a WaveformCharacter assign
contradiction with the equivalent statements in effect. Every Procedure starts its own environn
inheritirlg Equivalent data from its €aller. After return from a procedure, the Equivalent values of t
are reingtantiated.

ssion is
hlence is
lgnals of
L, and so
hsis, the

httern or
ns in the
ment in
ent, not
he caller

Vectorsmay assign WaveformCharacters to any nonempty subset of equivalent signals and the equfivalence

relationghip extends théyasSignment to the other signals in the equivalence class. At least one signa
equivalgnce class mist'be unmapped and must have WFC assignments in the pattern or procedure.

The Equivalentipattern statement does not result in a tester cycle, but it constrains and sets valug
followirg eycles within its scope.

in each

s for all

The following examples illustrate usage of Fixed and Equivalent statements:

796: STIL 1.0 { Design 2005; }
797: Header {

798 : Source "STD 1450.1-2005";

799: Ann {* sub-clause 16.2 *}

800: }

801:

802: Signals {

803: SIG NAME1l In; SIG NAME2 In; SIG NAME3 In; SIG NAME4 In;
804 : A[15..0] InOut; B _LOW[7..0] InOut; B_HIGH[15..8] InOut;

805: } //end Signals
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807: SignalGroups ({

808:
809:
810:
811:
812:
813:
814 :
815:

A = 'A[15..0]";
B = 'B HIGH[15..8]+B LOW[7..0]" {
WFCMap
0->1; 1->0; Z->Z; N->N; L->H; H->L; T->T; X->X;
} // end WFCMap
} //end B
} // end SignalGroups

816: /* SIG NAMEl and SIG NAME2 have the same WaveformCharacter;

assighing a WaveformCharacter to one of these signals 1s equivalent
assighing values to both signals. */

817:
818:
819:
820:
821:
822 :
that
823:
824 :
825:
826:

16.3 S

The Sh
stateme
stateme
differen
unload

followirlg rules further identify:the differences.

battern PAT1 {
Equivalent SIG _NAMEl SIG _NAME2;
Fixed { SIG NAME3 = P; SIG NAME4 = \eD; }
// end Pattern

* A more complex example is of two buses of bidirectional si{
hre complementary both as inputs and as outplts: */

battern PAT2 {

Equivalent A \m B;

Vv { A[15..0]1=0; BI[8]=H; } /impliesalso:B_LOW[0]=1; A[8]=L;

hift and LoopData statements

ft and LoopData statements perform Similar functions; they loop over a sequence of
its; they may be used only in procédures or macros; they take parameters from the calling
its and apply the parameters tocsignals; they take signal-variable data and apply it to sigr]
Ce between the Shift and LoopData is that the Shift is specifically designed in support of sq
pperations, whereas LoopData is a general construct for providing data-dependent lod

Within a Shift block, the parameters to be shifted shall be determined by the presence of a S
ScanQut-attribute in the Signal or SignalGroups block. It is as opposed to implying the shift

to

ynals

pattern
F pattern
als. The
an load/
ps. The

canln or
from the

oreach Scanln/ScanOut cigna] vwathin-a Shift h]nr\]z’ the-shift data can be defined - in thr

e ways:

(1) a parameter referenced by the #% notation; (2) a parameter defined by a signal-variable; or (3) an

The loop size for a Shift block is determined by the length of the longest normalized

data set

assigned to scan signals in the Shift block (adjusted for pre-Shift and post-Shift consumption).

Padding rules (i.e., data to be supplied when a parameter is less than the length required by the

If there are multiple Shift blocks in a macro or procedure, a given scan-signal shall appear in only

Parameters to scan-signals shall not be used within any If/Else/While construct. It applies to

16.3.1 Rules for Shift
a)
presence of # characters.
b)
in-line series of WFCs.
c)
d)
longest parameter) are in accordance with STIL.0, Subclause 24.5.
e)
one Shift block.
f)
statements within a Shift block, pre/post-shift statements, and the Shift statement.
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2)

Within a Shift block, only scan signals shall have parameterized data assignments. All non-scan
signals shall be assigned constant values within the Shift block or retain the a constant value from

the last assignment before the Shift block.

16.3.2 Rules for LoopData

a)

b)

C)

d)
€)

f)

)

The foll

827:
828: 1
829:
830:
831:
832:
833:
834 :
835:
836:
837:
838:
839:
840: Y
841:
842:
843:
844 :
845:

For each signal within a LoopData block, the parameterized data shall be defined in one

of three

ways: (1) a parameters defined by #% notation; 2) parameters defined by a signal-variable; or (3) an

in-line series of WFCs.

Within a LoopData construct, at least one waveform character assignment shall contain
parmeterized data; else the loop will execute only once.

a list of

. AT & | — el - 1 1 1 P P 41 1 . . 1ot
VUPIIIS SHall CUTIIIITUC ULl 4l pal allITivl S Hd Ve UCUIT CAIIAUSTUU,, LU, LIT TUUP S IZT 15 ULIUIT

the length of the longest parameter.
Short parameter lists shall be extended by replicating the last WFC as necessary.

Scan-signals (should they appear inside a LoopData block) are processed -agiynon-scaf
i.e., scan padding rules do not apply). Note: If a Shift follows a LoopDatagthen there sh
data left to shift.

The conditional statements, If/Else/While, shall be allowed within the LoopData, on pre-LJ
statements that consume parameters and on a LoopData block.

[f parameter data are consumed before a LoopData block, then the,LoopData shall loop acc
fhe remaining data.

pwing example is of LoopData and Shift:

ETIL 1.0 { Design 2005; }
feader {
Source "STD 1450.1-2005";
Ann {* sub-clause 16.3 *}

Eignals
SIG1l In;
SI1 In { ScanIn.l%;
SI2 In { ScanIn 17;
SI3 In { Scé&nfn 11;
SI4 In {_ ScanIn 20;
// end Signals
Fariables({
SighadVariable ABC[1..4] ;
SGgnalvVariable DEF[1..3] ;
SignalVariable XYZ[1..20] ;

—— o

1ined by

-signals

111 be no

popData

rding to

77 ena variabies

846: Procedures ALL {

847: VARIABLE LOOP (

848: LoopData { V { sIGi=#; }}

849: }

850: SHIFT LOAD ({

851: C { 'SI1+SI2+SI3+SI4+SI5+SI6’ = 000000; }

852: Cc { ABC = #; DEF = #; XYZ = #; }

853: Shift

854 : v {

855: SI1 = 10101 \W ABC 10101; // ABC is a SignalVariable
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856:
857:
858:
859:
860:
861:
862:
863:
864 :
865:
866:
867:
868:
869:
870:
871:
872:
873:
874 :
875:

16.4 Lpop statement using an integer expression

The Lo
applies

The follpwing examples are of this usage:

876 :
877 :
878:
879:
880:
881:
882:
883:
884 :
885:
886:
887:
888:
889:
890:
891:
892:
893:
894 :
895:
896:
897:
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SI2 = 10101 \W ABC \W DEF 10101; //ABD, DEF are two SignalVariables

SI3 = 10101 \W XYZ[1] 10101; // with indexed SignalVariable

SI4 = 10101 \W XYZ[11..20] 10101; // with multi-bits of a SignalVariable
} W/endV

} // end Shift
} // end SHIFT_LOAD
} // end Procedures

Pattern RUN1 {

Call VARIABLE LOOP { SIG1=010; } // Loop 3 times (‘010” is WFC-list)
Call VARTABLE T0OOP { STG1=00000: } [/ Loop 5 times
// end Pattern

battern RUN2
Call SHIFT LOAD ({
ABC=1100;
XYZ[1..20]=11111000001111100000;
DEF=101;
} //end Call
// end Pattern

p statement as defined in STILO is extended to@llow the use of integer expressions. This e
o STIL.O, Subclause 22.6 (Loop statement)_and to STIL.0, Subclause 22.7 (MatchLoop st4

ETIL 1.0 { Design 2005; }
Keader (

Source "STD 1450.1x2005";
Ann {* sub-clause-16.4 *}

Variables {
Integer COUNT { InitialValue 100; }

bignald {"CLK In; A[1..8] In; B[1..8] Out; }
bignalGroups
SOME_PINS = 'A[1l..8]1+B[1..8]";

Ktension
tement).

Fend-SignatGrotps
Procedures {
PROC1 {
C { COUNT = #; CLK=0; SOME PINS=\r8 0 \r8 X; }
Loop COUNT { Vv { CLK = P; } }
Vv { SOME PINS = 11110000 HHHHLLLL; }
}
}

Pattern PAT1 ({
Call PROC1 { COUNT := 200; }
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16.5 MergedScan function

The MergedScan() function returns an integer value that is used to determine if scan operations are to be
applied in a merged or unmerged fashion. The behavior of merged and unmerged scan is described in
STIL.0, Subclause 5.5. The evaluation of this function shall be in the context of the STIL consumer
environment. If the STIL consumer environment has no specific needs for altering the merged scan
operation, then this function shall return a default value of 1 (i.e., boolean true).

This construct in conjunction with the If and Else constructs allow the STIL producer to generate STIL
patterns/procedures/macros that represent both merged and unmerged scan operations. See Annex M for an
example of syntax and usage.

17. Priocedure and macro data substitution
This clajise defines extensions to STIL.0, Subclause 24.5.

All congtructs and definitions of STIL.0, Subclause 24.5 remain in effect, with-th¢ following a
capabilifies.

17.1 Nested procedure and macro cells

To pass|data through nested procedure and macro calls the following restrictions apply:

An exarpple of a proper environment to pass data through procedure or macro calls is as follows:

898:
899:
900:
901:
902:
903:
904:
905:
906:
907:
908:
909:
910:
911:
912:
913:
914:
915:
916:

Pata passed from one procedure or macro, into anothér procedure or macro, shall use t

Ibe passed into another procedure or macro calhusing a different signal or group name on
than was used to pass that data into the procedure.

Data passed into another procedure or macro is considered to consume all data values passed
procedure, in that procedure or macrq call. The procedure or macro calling another proc|
inacro shall not reference the parameters passed to that called procedure or macro directly, ¢
pass them to the called procedur€ or macro.

ETIL 1.0 { Degign 2005; }
Header {

Source 4&STD 1450.1-2005";
Ann {#{sub-clause 17.1 *}

bighals |

iditional

he same

grgument name to reference that data, as was used.to specify that data to that procedure. Data cannot

hat data

into the
bdure or
xcept to

L o = hl
ODLCANO LG LI1 1 o Callllly, J’

INS[1..5] In;
CLK In;
SCANMODE In;

}

SignalGroups {
_INS = "INS[1..5];

}

Procedures {
DO SHIFT {

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



https://iecnorm.com/api/?name=581060a3120d30ba571337402d58a6f8

917:
918:
919:
920:
921:
922:
923:
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shift { Vv { SCANSIG = #; CLK = P; }}
}
SETUP_AND SHIFT ({

C { _INS = #####; }

v { CLK = 0; SCANMODE = 1; }

Call DO _SHIFT { SCANSIG = #; }

}

924: } //end Procedures

925:

926: Pattern "RUN_SHIFTS" (

i)

s formal
he # and
cdure or
a macro

927: Call SETUP AND SHIFT { _INS = 00101; SCANSIG = 010001010100
928:

17.2 Ppssing parameters to variables

Signal variables and integer variables operate in the same manner as signals and groups when used 4
parameters are passed to procedures and macros (for definition of formal parameters,.see 5.12). T
% operdtors are used to transfer the parameter to the named signal, group, or variable-within a proc
macro. As is shown in the following example, multiple data values can be passed ds parameters to
or procgdure:

929: $TIL 1.0 { Design 2005; }

930: Header (

931: Source "STD 1450.1-2005";

932: Ann {* sub-clause 17.2 *}

933:

934:

935: $ignals {

936: X[3..0] In;

937: Y[7..0] Out;

938:

939: $ignalGroups {

940: Y = 'Y[7..0]’ { Basg\Hex AB; }

941:

942: Variables {

943 : SignalVariable\\SV[3..0];

944 : Integer INT§

945:

946: Macrodefs &

947: M |

948 : CM~SV = #; INT := #; } // get 1st parameter

949: Vi{ X = \W 8V; Y = \d INT; } #/X=0000; Y=AAAA ABAB;

950: C { SV = #; INT := #; } // get 2nd parameter

951: \Y 1 X = \W SV,; Y = \d INT; } 7/ X=00UT, T=AAAD BBDBT,

952: C { sV = #; INT := #; } // get 3rd parameter

953: v { X = \W SV; Y = \d INT; } /#X=0100; Y=BBBB BBBB;

954 : }

955: }

956: Pattern P

957: C { X = 0000; Y = XXXX XXXX; }
958: Macro M

959: SV = 0001 0010 0100;

960: INT = 5 119 OxFF;

961: }

962: }
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17.3 Default value of formal parameters

Signals, groups, and variables when specified within macro or call statements are formal parameters to the
macro or procedure. The value(s) specified take effect when the signal, group, or variable is set to # or %.
The Condition statement is used to define the default state within a macro or procedure as shown in the
following example. If not specified in a macro or procedure, the default value for variables is as defined by
its Initial Value statement; the default state for signals and groups is as defined by its DefaultState statement:

963: STIL 1.0 { Design 2005; }
964: Header (

965: Source "STD 1450.1-2005";

966 : Ann {* sub-clause 17 .3 *]

967:

968:

969: $ignals {

970: SIG In;

971:

972: Variables {

973: SignalVariable SIGVI[1..4];

974: Integer INT;

975:

976: NacroDefs (

977: MAC

978: C { SIG=0; SIGV=XXXX; INT:=0; }

979: v | HAst, 2nd, 3rd usage of MAC
980: SIG=%#; /0, XXXX, 0
981: SIGV=#; /11,1001, 5
982: INT:=#; /0, XXXX, 0
983: }

984: }

985:

986: Pattern PAT {

987: Macro MAC A\}

988: Macro MAE {" SIGl=1; SIGV=1001; INT:=5; }
989: Macro (MAC { }

990:

17.4 Data-substitution using WFCConstant and SignalVariable

Two new data types are available for doing data substitution in macros and procedure: WFCConstant and
SignalVariable. Refer to Clause 9 for the syntax definition for these statements.

A WFCConstant is used in the same way that an explicit string of WFC characters is used in STIL.O.
Consider the following example where SI1 and SI2 are provided identical data strings; only SI2 is defined
using a defined constant.
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A SignalVariable is used in a similar way to the # operator, which allows variable data to be substituted onto
a signal in a macro or procedure. The difference being that the data that are passed as a formal parameter in
a macro/procedure call are not locked to the named signal or group. This process allows more freedom in the
way that the data are consumed. Consider the following example, where the data passed into two similar
procedures are identical. In the case of SOUTI, the data have to be consumed by a signal named SOUT],
whereas in the case of SOUT?2, the data have been split onto two signals:

991: STIL 1.0 { Design 2005; }
992: Header (

993: Source "STD 1450.1-2005";
994 : Ann {* sub-clause 17.4 *}
995:

996:

997: $ignals {

998: SI1 In { ScanIn; }

999: SI2 In { ScanIn; }

1000:| SO1 oOut { ScanOut; }
1001:| S02 out { ScanOut; }
1002:| SO03 Out { ScanOut; }
1003:|}
1004:|Variables {

1005: WFCConstant FIXED = 1100;
1006: SignalVariable SVI[0..7];
1007:|}
1008: | Procedures ({
1009:| SIN {

1010: Shift

1011: // the data on SI1 and SI2 axé.identical

1012: V { SI1 = 1100####; SI2 = \WFIXED ####; }
1013: }

1014:| }

1015:| souT1 {

1016: Shift

1017: v { 801°= #; }  //dataSOl= HHHHLLLL

1018: }

1019:| }

1020:| ,8QuT2 {

1021: ¢ { sv=#; !}

1022: Shift

1023: v { S02 = svI[0..3]; SO3 = SVI[4..7]; }  /dataSO2=HHHH, S3=LLLL
1024: }

1025: }

1026: }

1027: Pattern PAT ({

1028: Call SIN { SI1 = 0101; SI2 0101; }
1029: Call souTl { SOl = HHHHLLLL; }

1030: Call souT2 { SV = HHHHLLLL; }

1031: }
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18. Environment block

The Environment block contains constructs to cross-reference STIL information with other environments,
for example, a simulation or layout netlist environment. The Environment block may be used by tools that
operate in the specified Environment and access STIL data. The Environment block may also contain
additional information specific for the particular environment.

Because the Environment block references information not contained in the STIL environment, no STIL
blocks reference the Environment block. The Environment block is self-contained, but internally it may
reference other STIL blocks as necessary to associate STIL information with the external context.

The Environment block mav contain additional blocks that have not been defined as part of the STIL.1

block. I

181 E

(I
(N

o

standard and that do not need to be declared (with a UserKeywords statement) before they appepr in the
Environment block. These undeclared blocks are allowed with the same restrictions as acUserKeyword
is expected that the definition of these undeclared blocks is found in association with an extension
definitign. See Clause 7 for extension reference constructs. These blocks, when present) shall f¢llow all
STIL syntax requirements for UserKeyword blocks. These blocks contain information specific to an
Environment context (in STIL syntax form).
hvironment syntax
Enviropment (ENV_NAME) { (D)
l{heritEnvironment ENV_NAME ; )* 2)
meMaps (MAP_NAME) { 3)
InheritNameMap (ENV_NAME::) (MAP_NAME) ; )& )
InheritNameMap (ENV_NAME::) (MAP_NAME) {
( Prefix “PREFIX_STRING”; ) 5
( Separator “SEPARATOR_STRING”; ) (6)
(ScanCells { (SCAN_CELL_NAME ;)* })¥ 7
V¥ // end InheritNameMap
Prefix “PREFIX_STRING”; ) ()
Separator “SEPARATOR_STRING”; ) 9)
ScanCells { ((SCAN_CELL_NAME) “MAP_STRING”; )* } )* (10)
Signals { (SIG_NAME “MAP~STRING”; )* } )* (11)
SignalGroups (DOMAIN_NANME) { (GROUP_NAME “MAP_STRING”; )* } )* (12)
Variables { (VAR_NAME "MAP_STRING”; )* } )* (13)
AllNames { (ANY_NAME “MAP_STRING"; )* } )* (14)
// end NameMaps
eReference “FILE-PATH_NAME”; )* (15)
eReference~FILE_PATH_NAME” {
pe FILE~TYPE ; (16)
ormat FI-E_ FORMAT ; (17)
ersion'VERSION_NUMBER” ; (18)
#/-end FileReference
IRONMENT DEFINED STATEMENTS)* (19)
// end Environment

ey

@)

Environment: Defines an Environment block.

ENV_NAME: Optional name of the Environment block. A single global Environment block may be

defined without a name.

InheritEnvironment: Statement to reference a previously defined Environment block, to inc

orporate

the definitions of that block as part of the current block. Only statements with defined keywords are

inherited, that is, SignalGroups, NameMaps, and FileReference statements or blocks.

See the

InheritNameMap statement for information on how NameMaps are inherited. If a FileReference block
has the same name locally as an inherited FileReference, the local definition will be used.
ENVIRONMENT_DEFINED_STATEMENTS are not inherited unless the inheritance rules are specified by
some other STIL extension and that extension is identified in the file header. An un-named
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Environment block is not automatically inherited and cannot be explicitly inherited (because it has no
reference name).

(3) NameMaps: Defines one or more blocks containing references of STIL names to names defined in
an external Environment. The MAP_NAME is optional when a single NameMaps block is present; the
MAP_NAME is required if subsequent NameMaps blocks are present. The MAP_NAME shall be unique
across all NameMaps blocks in a single environment when present.

(4) InheritNameMap: Statement to reference a previously defined NameMaps block inside an
Environment block, to incorporate the definitions of the NameMaps section of that block as part of
the current block.

If a NameMaps block in the current environment is being referenced, only the name of that block is
required. If a NameMaps block in another environment block is being referenced, then the
ENV_NAME:: is required, followed by the name of the desired block. If the NameMaps.bldck to be
nherited is the global block, then the MAP_NAME is not required. A local definition of a
SCAN_CELL_NAME, SIGNAL_NAME, GROUP_NAME, VAR_NAME, or ANY NAME will-overfide any
nherited definitions for those names.

An alternative form of InheritNameMap uses the { } format and allows fer‘additional capabilities
Felative to the scan-cells information.

(5) Prefix: This statement, when used within the context of JnheritNameMap, cayses the
PREFIX_STRING to be prepended to each MAP_STRING definition‘that is inherited.

(6) Peparator: This statement, when used within the context™of InheritNameMap, cayses the
SEPARATOR_STRING to be used on each MAP_STRING definition that is inherited.

(7) PBcanCells: This statement, when used within the context of InheritNameMap, is used to deffine a list
pf SCAN_CELL_NAMES. This list of names is tobgycorrelated to a list of MAP_STRINGS in the
nherited block and along with the prefix and separator from the mapped name definitions [for each
cell. It is an error condition if the numbertof MAP_STRINGS is less than the number of
SCAN_CELL_NAMES. If the number of MAP_STRINGS is greater than the number of
SCAN_CELL_NAMES, the additional M/AP_STRINGS are ignored. Note that the cofrelation
between cell and map strings is by position in the list.

(8) Prefix: This statement, when used within the context of NameMaps, causes the PREFIX_$TRING
Lo be prepended to each MAP.STPRING definition that occurs within the current NameMapf block.

(9) PBeparator: This statement; when used within the context of NameMaps, causes the
SEPARATOR_STRING: to be used on each MAP_STRING definition that occurs within th¢ current
NameMaps block.

(10) BcanCells: This statement, when used within the context of NameMaps, can take two fofms: one
with the SCAN-CELL_NAME defined and one without.

In the case ih which the SCAN_CELL_NAME is defined, a direct mapping of the name of the cell is
made-to.the defined MAP_STRING. The MAP_STRING parameter is required.

[n the case in which only one parameter is defined, then it is interpreted as the MAP_STRING. It is

e formmrto be used whenm the tistof MAP—STRINGs s tobetterited:

(11) Signals: Required if SIG_NAME map information is provided.

SIG_NAME “MAP_STRING”: Statement to map the STIL SIG_NAME defined in a Signals block, into the
name used in the external Environment.

(12) SignalGroups: Required if GROUP_NAME map information is provided.

GROUP_NAME “MAP_STRING”: Statement to map the STIL GROUP_NAME defined in a SignalGroups
block, into the name used in the external Environment.

(13) Variables: Required if VAR_NAME map information is provided.

VAR_NAME “MAP_STRING”: Statement to map the STIL VAR_NAME defined in a Category or Spec
block, into the name used in the external Environment.
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(14)

15)

(16)

a7

(18)

19)

18.2 MAP_STRING syntax

AllNames: This optional block supports an Environment that does not partition name spaces with
the same structure as STIL and supports mapping of names from additional STIL constructs (such as
objects in user-defined blocks).

ANY_NAME “MAP_STRING”: Statement to map any STIL NAME, into the name used in the external
Environment.

FileReference “FILE_PATH_NAME”: The FileReference statement is used within an Environment
block to specify various other files associated information. The content and application of the
referenced files is not specified in STIL, but it is the responsibility of the tool or application using
the Environment block. For instance, if the patterns are in STIL, then they would be Included, but if
the patterns were in WGL or some tester-specific format, this mechanism would be used to reference
that data.

Type FILE_TYPE: Specifies the type of this file. The allowed file types are not defined as/payt of this
standard.

FFormat FILE_FORMAT: Specifies the format of this file type. The allowed file types jare no{ defined
hs part of this standard.

Version “VERSION_NUMBER”: A quoted string identifying the version of this-file. The fofmat and
nformation of the VERSION_NUMBER is dependent on the file type and-format, and it is no{ defined
here.

ENVIRONMENT_DEFINED_STATEMENTS: These are semicolon-terminated or braced statem¢nts that
follow the STIL requirements but do not require a UserKeyword-statement to identify thesg¢ blocks.

The environment-defined statement and semantics associate with the specification for the ektension
hs identified in the STIL {} block.

The target MAP_STRING maps STIL names intovan external environment. If the target name [contains

either a
for any

Houble quote or a backslash, then the following syntax shall be used in the target string. It is|an error
Character other than double quote or,backslash to follow a backslash character.

Houble-quote: “blah_blah”\*blah-"blah”
backslash: “blah_blah\\blah{ blah”
error: “blah_blah\blah_blah™

A typicgl usage of this backslash notation is in mapping strings into Verilog names. The following pxample

is of thi

transformatien:
MAP_STRING in STIL: “\W\’abc[15]”
Resultant string : \”abc[15]

NOTE—{Per<STIL.0 definition, double quotes are only delimiters and are not allowed as part of the string.

18.3 NameMaps example

The NameMaps block relates STIL names to external environments. An example of an applicatio
construct, for a Verilog-style environment, is shown in Figure 4.
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module top test;// Testbench Module

integer pattern;
wire [0:2] PO; // Primary Outputs Vector
reg [0:3] PI;// Primary Inputs Vector
wire A, B1l, C1, D11, Q11, Q21;// Signals
assign A = PI[0], Bl = PI[1], C1 = PI[2], D11 = PI[3];
assign PO[0] = Q11, PO[1l] = Q21;
// Design Instance
top dut (.A(A),.B1(B1l),.C1(C1l),.D11(D11),.0Q11(Q11),.Q21(Q21)) ;

endmodule
Figure 4—Verilog test bench example for NameMaps

1032:|STIL 1.0 { Design 2005; }
1033:|Header
1034: Source "STD 1450.1-2005";
1035:| Ann {* sub-clause 18.3 *}
1036:|}
1037:
1038:|Signals { "A" In; "B1" In; "Cl" In; "D1A¥ In; }
1039:|SignalGroups { PI = ’ "A" + "B1" + "CiVW + "D11" ’; }
1040:
1041:|Environment MY VERILOG TESTBENCH {
1042: NameMaps VECTOR ASSOCIATIONS (
1043: Signals {
1044: "A" "top test.PI[O0]";
1045: "B1l" "top test.PI[1]"y
1046: "Cl" "top test.PI[2]M;
1047: "D11l" "top test.PI[3]";
1048: }
1049: SignalGroups
1050: _PI "top test.PI";
1051: _PO "top(test.PO";
1052: }
1053: Variable.*{ PATCOUNT "PATTERN"; }
1054:| } /endNameMaps
1055:
1056:| NameMaps WIRE ASSOCIATIONS ({
1057: Signals {
1058: “E—top—testT&YS
1059: "B1" "top test.Bl";
1060: "Cl" "top test.Cl";
1061: "D11" "top test.D11";
1062: }
1063: SignalGroups {
1064: _PI "top test.PI";
1065: PO "top_ test.PO";
1066: }
1067: Variable { _PATCOUNT "PATTERN"; }
1068: } //end NameMaps
1069: } //end Environment
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18.4 Compact scan-cell mapping using InheritNameMap

1070:
1071:
1072:
1073:
1074 :
1075:
1076:
1077:
1078:
1079:
1080:
1081:
1082:
1083:
1084 :
1085:
1086:
1087:
1088:
1089:
1090:
1091:
1092:
1093:
1094:
1095:
1096:
1097:
1098:
1099:
1100:
1101:
1102:
1103:
1104:
1105:
1106:
1107:
1108:
1109:
1110:
1111:
1112:
1113:
1114:
1115:
1116:
1117:
1118:
1119:
1120:
1121:

STIL 1.0 { Design 2005; }
Header (
Source "STD 1450.1-2005";
Ann {* sub-clause 18.4 *}
}
Environment HIERARCHICAL ({
// A hierarchical NameMap for scan cells
// See the FLAT example below to see the expanded net names
NameMaps C {
ScanCells {"CELL1"; "CELL2";} // Onlythe MAP_STRING portion of the

map

}

NameMaps D
InheritNameMap C
Prefix "C3"; //String to prepend to MAP_STRINGS in inherited NaineMap
Separator "/";

}

ScanCells {"CELL3";}
}
NameMaps TOP {
Separator "/";
InheritNameMap C ({
Prefix "C1";
ScanCells {C[0..1];} / Onlythe SCAN- CELL_NAME portion of the map
}
InheritNameMap C ({
Prefix "C2";
ScanCells {C[2..3];}
}
InheritNameMap D
Prefix "D1";
ScanCells {C[5=\7];}
}
ScanCells {¢C[4] "FoOO";}
}
}

Enviroameht FLAT {
// ThisJis'a flat representation of NameMap for scan cells
//(This mapping corresponds to the above HIERARCHICAL mapping
NameMaps {

STATICEITE X

c[0] "Cl1l/CELL1";
] "C1/CELL2";
] "C2/CELL1";
] "C2/CELL2";
] "FOO";
] "D1/C3/CELL1";
] "D1/C3/CELL2";
] "D1/CELL3";
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19. Pragma block

A Pragma is a block of code that is implementation dependent. A Pragma block is a means of embedding
non-STIL code within a STIL file/stream. As with standard annotations, the syntax within the pragma is not
defined or limited in any way, except by the opening and closing brace/asterisk convention. A Pragma block
may be used anywhere in a file/stream that an annotation is allowed (See STIL.O, Clause 13). The use of a
Pragma block is dependent on the application understanding the specific named Pragma; a Pragma with a
name not be understood when the application is ignored.

The Pragma block supports application-specific constructs outside the definitions of this standard, for
example, to embed external functionality such as a fragment of C-code or Perl-code as part of the

informa

ion present for a STIL test. or to embed test-specific code understood by an application

STIL te

Be aware that the use of the Pragma block is extremely application-specific. These data are f

intended
resourcd
STIL td
nonstan

191 P

Pragmg (NAME) {* ... APPLICATION DEPENDANT SYNTAX ... *}

ey

20. Ps

The Pat
is typicd
progran
the test

t data.

to instruct specific applications on how to apply STIL constructs, for example, to ider
allocations for a specific test environment. Functionality necessary for thelcorrect opera
st program should not appear in a Pragma block as the interpretatiof-~of that functio
lard and the application of Pragma constructs are inherently nonportable.

ragma syntax

Pragma: Keyword identifying an implementation-dependent block of code. If the block i
the top level of a STIL file/stream, then it has globakseope. As with UserKeywords, a pragy
s locally scoped to a containing STIL block.

NAME: The NAME is an optional identifier and"if present is used to identify the applicatio
expected to process the contents of this blgek. The name is not required to be unique (i.e., al
blocks for a given application should have the same NAME.

* ... APPLICATION DEPENDANT SYNTAX ... *}: The content of the block is enclosed with
hsterisk delimiters. The only restriction on this block of data is that it not contain the asteri
Character pair, which shall signal the end of the pragma data to an STIL parser.

itternFailReport

ernFailRepornt block is used to report fail information resulting from the test of a device. A
Ily not part'of a STIL test program file/stream, but it contains references to the associated S
file/stream to establish the context. Each PatternFailReport block shall contain the set of f3
f one.device on the tester.

part of

rimarily
tify test
ion of a
hality is

(D
used at
ha block

n that is
Pragma

n brace/
kk/brace

such, it
TIL test
ils from

See Clause 16 for the definition of the X (cross-reference) pattern statement, which is the basis for
referencing fail data back to the pattern data. For example code, see Annex 1.
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20.1 PatternFailReport syntax

Pattern

FailReport (REPORT_NAME) {

( DevicelID “IDENTIFYING INFORMATION"; )

( TestConditions { } )

( Pattern PAT_NAME; )

( Pattern PAT_NAME {
( LogStart (X_REF_ID(.X_REF_ID)*) (CYCLE_COUNT) ; )
( LogStop (X_REF_ID(.X_REF_ID)*) (CYCLE_COUNT) ; )

)

( PatternBurst PAT_BURST_NAME; )
( PatternBurst PAT_BURST_NAME {

(P
Fail

}
} // end

ey

@

3)

“

&)

(6)

(N

1
2
3)
“)

&)

ogStart tX_REF_ID(.X_REF_ID)*J (CYCLE_COUNT) ;)
LogStop (X_REF_ID(.X_REF_ID)*) (CYCLE_COUNT) ; )

tternExec PAT_EXEC_NAME; )
Data {
X_REF_ID(.X_REF_ID )*
SIG_NAME
<
( CYCLE_OFFSET(.COMPARE_OFFSET) )* ;
| “observed_data” ;
| ( CYCLE_OFFSET(.COMPARE_OFFSET) “observed_data” )*
>
* // end fail data record
end FailData
PatternFailReport

PatternFailReport: The block contains fail data~as produced on a tester and is associate

This block follows the standard rules forrSTIL blocks; there can be one un-named block
humber of named blocks that all shall haye unique names.

DevicelD: This statement contains a-string for the purpose of identifying the device-under
produced the reported results.

TestConditions { }: This block contains statements that identify the conditions under whicl
was made. The test conditions would typically identify things such as environmental condit
femperature; DC set-p,conditions like voltage and current; timing setup conditions; and A
nnd system identification. These statements shall either be Ann statements, or else user
Statements.

Pattern: ThiS statement specifies the name of the pattern in the associated STIL test prog
stream_that’ is detecting the device failures. The block form of this statement allows
specification of start and stop points of the logging information in this fail report. The X
pardmeter refers to an X statement in the pattern. The CYCLE_COUNT parameter repres

(6)
(N
®)

d with a

STIL test program stream. The REPORT_NAME is an optional name that can be assigned to tlje block.

and any

test that

| the test
ons like
TE type
xeyword

am file/
for the
| REF_ID
ents the

lulll‘UCl Uf vVCCLOI t._yt.it:b \i.C., pCliUL‘lb) Lhdl uauapilc [18) l.ilC COIINIIICIICCIIICIIT O l.Cllllilldl.iL

n of the

logging function. When only the CYCLE_COUNT is present, the cycle offset is from the beginning of
the pattern. If both X_REF_ID and cycle count are present, the cycle offset is from the specified

X_REF_ID.

PatternBurst: This statement specifies the name of the pattern burst in the associated S

TIL test

program file/stream that is detecting the device failures. The block form of this statement allows for
the specification of start and stop points. See the definition of these parameters in the Pattern

statement.

PatternExec: This statement specifies the name of the pattern exec in the associated S
program stream that is detecting the device failures.

FailData: It begins the block containing the device failure data.
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(8) fail data record: Each device failure record contains the fail data information as described below.

X_REF_ID: It is the required first token of each record, and it identifies the reference position
within the pattern. It shall be a user-defined name according to the rules of STIL.0, Subclause
6.8, with one exception: the value 0. Reference shall always be to an X statement encountered
in the pattern execution sequence within the base pattern. If there are X references within called
procedures and/or macros, then the X_REF_ID is appended with a dot separator to the X_REF_ID
in the base pattern. For patterns with no X statements, the value 0O (i.e., the integer zero,
unquoted) can be used as an X_REF_ID to specify the offset from cycle O of the pattern or burst.
All X_REF_ID names shall be unique within the pattern, burst, procedure, or macro context in
which they are used.

SIG_NAME: It is the name of the signal that detected the failure. It may be either a name in a

Sigua}b ‘U}Ub}\ Ul d 1:110.1110\1 billé‘lc biglla‘l ill d Sigua‘lGluupb ‘U‘lUL‘l\. T‘llC biglla‘l IIAIllC 1 SOlutiOH
follows the standard rules for domain name resolution. The signal names always-tefefrs to the
names as used in the referenced pattern; however, a Signals/SignalGroups. ‘block [may be
included in the fail data file/stream for the purpose of defining the hex formatting/of the|fail data
records.

CYCLE_OFFSET: This token indicates the cycle offset from the last X-Stat€ément encountered in
the pattern execution sequence. It is an optional field, and if not specified, a cycle offs¢t of O is
assumed. The cycle number for the X_REF_ID tagged vector shdll*be 0. If the last X sfatement
encountered in the pattern execution sequence is within a Lioop or Shift block, then the cycle
offset is from the first occurrence of the X_REF_ID in the Jodpor shift.

COMPARE_OFFSET: It is an optional token used when there*are multiple compares withir] a cycle.
If it is not specified, the first compare in the cycle‘is referenced. The first compare eyent in a
cycle shall be compare event 0.

observed_data: This field is optional and specifies the observed state(s) of the failing signal.
The observed data are a string of WFC (or'event) characters enclosed in double quotep. In full
data capture mode, this is a string of observed states, with a state specified for each cycle (either
H/L/T for failing cycles, or X for cyeles for which no compare is done). In the case jn which
there are multiple compares in a _cycle, then an observe state for each compare is specified.
Compaction of this observed, data is supported by expressing the data using the \h, \f, and \e
constructs as defined in STIL.0, Subclause 21.1.

If there is no Signals ot _SignalGroups blocks in the fail report file/stream, then by default, the
observed_data is an _event list comprising the compare event characters L, H, X, and| T (low,
high, don’t-cares-and tri-state) as defined in STIL.0, Subclause 18.2, Table 10.

If there is a Signals or SignalsGroups block in the fail report that defines the observgd signal
name, then formatting of the observed data is possible. The “Base Hex;” statement can| be used
to specify-hex formatting, which thus allows more compact hex logging with four cycles
represented by each hex character. Also possible is the mapping to specific WHCs (see
Annex D).

20.2 PatternFailReport example

The following examples are of syntax constructs. See Annex N for a complete example of pattern fail report

statements:

1122: STIL 1.0 { Design 2005; }
1123: Header {

1124:
1125:
1126: }
1127:

Source "STD 1450.1-2005";
Ann {* sub-clause 20.2 *}

1128: Signals {
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1129:
1130:
1131:
1132:
1133:
1134:
1135:
1136:
1137:
1138:
1139:
1140:
1141:
1142:
1143:
1144:
1145:
1146:
1147:
1148:
1149:
1150:
1151:

POl Out;

PO2 Out;

SO1 Out; SO02 Out; SO3 Out; S04 Out;
SO05 out { Base Hex LHT; }

}

PatternFailReport (
Pattern PAT;
PatternBurst BRST;
PatternExec EXE;
FailData {

X13

PO1; // example with pattern-unit identifier =X13; signal=PO1

X42

X45.

X46
X59
X64
X72
X88

0 POl 19023"H"; //example referencing cycle 19023 fronvthe beginning of the i
"ABIST-30" SO5 22 "52 \r20 00 A \e L"; //%“@cycle22: HHLT ...80 I
} // end FailData

} // end PatternFailReport

.M1.LU S01 16; / example of two levels of macro/proc

SO1 19; //example with cycle offset (i.e. scan cell in a shift)
LU SO1 16; // example with reference inside a macro/proc (i.e the LoadUnl

PO2 23"H"; //example of fail state

S02 6 16 24 25 338; //example of multiple fails (5 in this,ease)

SO3 13"H" 19"L" 45"L" 63"L"; //example of multiple fails with fail
S04 0 "HHHLLLLHHH" 56 "HHHL"; //example ofdata capture format

ad)

btates

attern
s... TTL
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Annex A

(informative)

Glossary

The following terms and definitions are used within the context of this standard.

A.1 boolean_expr: (1) A metatype used to present language constructs. (2) A reference to an expression
that evaluates to a boolean: True or False (see 5.6).

A2 Fall;e: The value 0 (zero) or a negative value returned from the evaluation of a boolean express

A.3 intd
evaluatd

A4 int
(see 5.1

A.5 logic_expr: (1) A metatype that presents language constructs. (2) A<reference to a logic exprg

the cont

A.6 rea]_expr: (1) A metatype that presents language constructs. (2) A reference to a real numbg

expressq

A7 sig

containing WFC lists (see 5.11).

A.8 time_expr: (1) A metatype that presents language constructs. (2) A reference to an expres

defines

A.9 Trye: A nonzero positive valuefeturned from the evaluation of a boolean expression.

A.10 WFC: A single alphanumeric character representing a reference to a Waveform defined in thg

WFT.

A.11 WFC list: A listror series of alphanumeric characters, each character representing a refere

Wavefo

Ad12 W

ger_expr: (1) A metatype that presents language constructs. (2) A reference to_an expres
s to an integer value (see 5.7).

T3]

boer_list: A list of space separated integers, or pairs of integers sepatated by the “..

B).

ext of a design model (see 5.8).

d in either scientific notation (23.5, 19E-9) or in engiheering notation (23.5 mV, 19 ns) (seq

var_expr: (1) A metatype that presents langtiage constructs. (2) A reference to an ex

h time value (see 5.10).

I'm definedn the current WFT.

F'T: ‘A STIL block statement that defines waveforms associated with each WFC for each s

on.

ion that

operator

ssion in

r that is

5.9).

pression

ion that

current

nce to a

nal.
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Annex B

(informative)

Signal mapping using SignalVariables

B.1 Example of parameter passing to Macros (or Procedures)

STIL defines a mechanism for passing multiple bit data from a vector to a WFT (see STIL.O,

Subclauge 21.2). Using pattern expressions, the same parameter passing mechanism also can belaj
the parameters to a Macro or a Procedure. An example of this is as follows:

1152:|STIL 1.0 { Design 2005; }
1153: |Header ({

1154: Source "STD 1450.1-2005";
1155:| Ann {* sub-clause B.1l *}
1156: |}
1157:
1158:|Signals {
1159: SIG[1..5] In;
1160: |}
1161:|Variables {

1162: SignalVariable P1[4..0];
1163: SignalVariable P2[4..0];
1164: SignalVariable P3[4..0];

1165: |}
1166:|SignalGroups {
1167:| GRP = ’'SIG[1..5]';
1168:|}

1169:

1170:|MacroDefs
1171:| M1 {

1172: Cc { PIN: #; P2 = #; P3 =
1173: vV { GRP = \W P1 ; }
1174: Vi{'GRP = \W P2 ; }
1175: V' { GRP = \W P3 ; }
1176 : —3

1177: }

1178:

1179: Pattern PAT1 ({

1180: Macro M1 { P1=11111; P2=00000; P3=11111; }
1181: Macro M1 { P1=00000; P2=11111; P3=00000; }

1182: }
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B.2 Parameter passing with signal mapping

Vector data are passed from vectors to Macros or Procedures by means of signal group-oriented strings of
waveform characters. A new capability in MacroDefs or Procedures allows the waveform characters from
the parameters to be mapped onto other signal groups as required by the core test design interface. An
example of a vector data expression is as follows:

1183: STIL 1.0 { Design 2005; }

1184: Header ({

1185: Source "STD 1450.1-2005";
1186: Ann {* sub-clause B.2 *}
1187: }

1188:
1189:|Signals {

1190: X[0..27] InOut;

1191:|}

1192:

1193:|SignalGroups {
1194: XBUS = 'X[0..27];
1195: |}

1196:|Vvariables {

1197: SignalvVariable P1[0..13];
1198: SignalVariable P2[0..13];
1199: |}
1200: [MacroDefs
1201:| M2 {

1202: Cc {P1 = #; P2 = #; }

1203: V {XBUS = \W P1[0..6] 101QHLHLXXXXXX \W P1[7..13];}

1204: V {XBUS = \W P2[0..6] O0QOOXXXXHLHLXX \W P2[7..13];}

1205: V {XBUS = \W P1[0..13] \W P2[0..13];}

1206:| }

1207:]|}

1208:

1209: |Pattern PAT2 (

1210:| Macro M2 {PLEOA.13]=1111111XXXXXXX; P2[0..13]=0000000LLLLLIL; }
1211:| Macro M2 {P1[0..13]=1111000XXXXXXX; P2[0..13]=0000111HHHHLIL; }

1212:|}

B.3 A|more-complete example of parameters and signal variable
exprerssions

a) Definition of SignalVariables in a SignalGroups block

b)  Use of parameters in a Macro (or Procedure call)

c¢)  Use of # to update the parameter values

d) Application of parameters in a Macro (or Procedure)

e) Use of logic expressions (logic_expr) with signal variables in a Macro (or Procedure)

f)  Process of reusing signal groups (unmapped) as signal variables (mapped) (Figure B.1)
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Top

SIG_AA[1] SIG_A[1] -

SIG_AA[2] SIG_A[2] Sub-module
SIG_AA[3] SIG_A[3]

SIG_AA[4] SIG_A[4]

SIG_AA[5] SIG_A[5]

SIG_BB[1] SIG_B[1]

SIG_BBJ[2] .SIG_B[2]

SIG_BBJ[3] - SIG_B[3]

SIG_BB[4] .SIG_B[4]

SIG_BBI[5] SIG_BI[5]

SIG_CD
'— SIG_C[1]
SIG _C[2]

SIG_CI[3]
SIG_C[4]
SIG_CI5]
O T+
Figure B.1—Mapping of signals of a submodule
unmapped
1213:|STIL 1.0 { Design 2005; }
1214 :|Header {
1215:| Source "STD 1450.1-2005";
1216:| Ann {* sub-clause B.3 - un-mapped *}
1217:|}
1218:| Signals {
1219: SIG A[1..5] In;
1220: SIG B[1..5] In;
1221: SIG C[1..5] In;
1222: SIG D In { ScaniIn‘se; }
1223:|}
1224
1225:|SignalGroupg f
1226: GRP_C =\ 'SIG C[1..5]"';
1227:|}
1228:
1229:|MacroDefs {
1230:| <mac_a
1231: v { sTe A1l 5] = #. |}
1232: v { SIG B[1..5] = #; }
1233: V { GRP C = #; }
1234: Shift {
1235: vV { SIG D = #; }
1236: }
1237: }
1238: }
1239: Include pattern.stil;
1240:
1241: ===================== mapped =====================
1242: STIL 1.0 { Design 2005; }

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



https://iecnorm.com/api/?name=581060a3120d30ba571337402d58a6f8

—90-

IEC 62526:2007(E)

IEEE 1450.1-2005(E)

1243: Header {
1244 : Source "STD 1450.1-2005";
1245: Ann {* sub-clause B.3 - mapped*}

1246: }

1247: Signals {

1248: SIG AA[1..5] In;

1249: SIG BB[1..5] In;

1250: SIG CD In { ScanIn 11; }
1251: }

1252:

1253: Variables {

1254: SignalvVariable SIG A[l..5];
1255: SignalVariable SIG B[1..5];
1256: SignalVariable GRP_CI[1..5];
1257: SignalvVariable SIG D[1..6];
1258:|}

1259:

1260: |MacroDefs
1261:| mac_a {

1262: C { SIG A = #; SIG B = #; GRP C = #; 8IG'D = #;}

1263: v { SIG AA[1..5] = \W SIG A[1..5]; 3

1264: v { SIG BB[1..5] = \W SIG B[5 3 1 2 4]; }

1265:|// Vv { SIG BB[3 4 2 5 1] = \W SIG@BIL..5]; } // alternate stht
1266: Cc { GRP_C[5 4 3 2 1] = \W GRP(C; }

1267: Shift {

1268: vV { SIG CD = \W SIG D[1s36] \W GRP C[1..5] ; }

1269:|//v { SIG_CD = \W SIG D[1.\6] 00000 ; } // alternate stmt
1270:|//v { SIG_CD = 00000 \WxGRP C[1..5] ; } // alternate stmt

1271: }

1272: }

1273:|}

1274 :]|Include pattexfistil;
1275:

pattern
1276:|STIL 1.0.{ Design 2005; }

1277:|Headez |

1278: Source "STD 1450.1-2005";

1279:|8&nn {* sub-clause B.3 - pattern include file *}

1280: 7}
1281: Pattern PAT A

1282: Macro MAC A {

1283: SIG A[l..5] = 10101;
1284: SIG B[1..5] = 11011;
1285: GRP_C = 01010;

1286: SIG D = 001001;
1287: }

1288: }

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



https://iecnorm.com/api/?name=581060a3120d30ba571337402d58a6f8

IEC 62526:2007(E) 91—
IEEE 1450.1-2005(E)
Annex C

(informative)

Using logic expression with signals

This example illustrates the following capabilities:
a) Logic expression using & (and) operation

b) Logic expression made up of signals

¢) Application of a logic_expr to define a ScanEnable condition

1289:|STIL 1.0 { Design 2005; }
1290: |Header {

1291: Source "STD 1450.1-2005";
1292:| Ann {* annex C *}

1293:|}

1294 :

1295:|Signals {

1296: SIG1 In;

1297: SIG2 In;

1298:|}

1299:

1300:|ScanStructures STRUCT1 ({
1301: ScanChain CHAIN1 ({
1302: ScanLength 10;

1303: ScanCells cell([1..10];
1304: ScanEnable SIG1l&SIG2;
1305: }

1306:]}
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Annex D

(informative)

Using boolean expressions in patterns

This example illustrates the following capabilities:
a)  Use of parameters on a Macro (or Procedure)
b)  Use of boolean expressions with WFC data in conditional-If/Else statements in a pattern

¢)  Use of parameters in boolean expression to create WFC data in a vector (Figure D.1)

SIG_2
[SVIIBor ] | GRP71<SIG:3
SIG_4

SIG[5]
SIG[6]
3o
SIG[8]
SIG[9]
SIG[10]

Figure D.1—Representation of signal groups-for a design

1307:|STIL 1.0 { Design 2005; }
1308: |Header

1309: Source "STD 1450.1-2005";
1310:| Ann {* annex D *}

1311:|}

1312:|Signals {

1313: SIG 1 In; SIG 2 In; SIG. ®,In; SIG 4 In;
1314: SIG[5..10] In;

1315:|}

1316:|SignalGroups {

1317: GRP_1 = 'SIG 1 #\SIG 2 + SIG 3 + SIG 4';
1318: GRP 2 = ’'SIG[5.%10]"’;

1319:]}

1320:|Variables ({

1321: SignalVaxilable SV 1[3..0];

1322:|}

1323 :|MacroDefs™

1324: MAC-

1325: € { SIG 1 = #; SIG_2 = #; }

1326: If (\W SIG 1 == 1) { v { s1G¢ 3 = A; }}
1327: T SIG T == IT && (\W SIG 2 == 0/) { \Y { SIG 3= B3 }}
1328: }

1329: MAC 2 {

1330: C { GRP_1 = #; SV_1 = #; }

1331: If (\W GRP_1 == 1100) { V { GRP 2 = \W SV_1 111111; }}
1332: Else { V { GRP. 2 = \W SV_1 000000; }}
1333: }

1334: }

1335: Pattern PAT 1

1336: Macro MAC 1 { SIG 1 = 1; SIG 2 = 0; }
1337: Macro MAC 2 { GRP_1 = 1100; SV_1 = 0011; }
1338: }
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Annex E

(informative)

Variables and expressions in algorithmic patterns

This example illustrates the following capabilities:
a)  Use of LoopData block
b) Using integer logic expression to control looping of patterns

¢) Using integer logic expressions to create algorithmic data on signals and groups

1339:|STIL 1.0 { Design 2005; }

1340: |Header {

1341:| Source "STD 1450.1-2005";

1342:| Ann {* annex E *}

1343:|}

1344:|Variables {

1345: Integer LOOP_CNT;

1346: Integer H1 ;

1347: Integer H2;

1348:|}

1349:|Signals {

1350: ABUS[8..1] 1In;

1351: BBUS[8..1] Out;

1352: CLKA In; CLKB In; CLKC In;

1353:|}

1354:|SignalGroups {

1355: GRPA = 'ABUS[8..1]’'{ Bage Hex LH; }
1356: GRPB = 'BBUS[8..1]'{ Base Hex LH; }
1357: CLOCKS = 'CLKA + CLKB + CLKC';
1358: ALL SIGS = ’'GRPA%-GRPB + CLOCKS’;
1359:|}

1360: |MacroDefs

1361: MCLK SIG {

1362: LoopDat{a){

1363: V {{GLKA = #; CLKB = #; CLKC = #; |} /loop until all data consumed on #
1364: }

1365: }

1366: MCOLK_GRP

1367: LoopData

1368: F—{CESCKS—H—T—FH Hoopuntiatidateconstned-on
1369: }

1370: }

1371: MLOOP

1372: C { LOOP_CNT = #; }

1373: While (LOOP_CNT <> 0) {

1374: v { CLKA = P; LOOP_CNT := 'LOOP_CNT-1';}
1375: }

1376: }

1377: MLOOP2

1378: C { LOOP CNT := #; }

1379: While (LOOP_CNT) {
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1380: C { LOOP_CNT := LOOP_CNT-1; }
1381: v { CLKA = P;}

1382: }

1383: }

1384: MDATA

1385: C { H1 := #; H2 := #; }

1386: v { GRPA = 00001111; GRPB = 11110000; }
1387: Vv { GRPA = \W H1; }

1388: Vv { GRPB = \W H2; }

1389: }

1390: } //end MacroDefs

1391:

1392:|Pattern PAT1 ({

1393: ¢ { ALL SIGS = X; }

// the following macro call generates 6 vectors

1394: Macro MCLK SIG { CLKA = PP0000; CLKB = 00PP0O; CLKCGy= 000
// the following macro call generates 6 vectors

1395: Macro MCLK GRP { CLOCKS { P00O; P0O; OPO; OPO;00P; 00P;
// the following macro call generates 6 vectors

1396: Macro MCLK GRP { CLOCKS { POOP000POOP000POOE; } }

1397: Macro MLOOP { LOOP CNT := 100; }

1398: Macro MLOOP2 { LOOP CNT := 100; }

1399: Macro MDATA { H1l := OxFF; H2 := 0x0QH}

1400:|}

}
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Annex F

(informative)

Using Allowinterleave

This example integrates two identical modules and integrates them at the chip level. A common signal is tied
together at the chip level, and the AllowInterleave statement controls and monitors this signal from each of

the two modules, in turn (Figure F.1).

Chipt2
XX
o A M XX1
YY YY1
BB
BB1 77 —
CcC1 CcC
COM [:\ COM
SEL
XX
A 0 XX2
AAZ = YY YY2
BB
BB2 77 s>
CcC
cC2 COM

The twq modules (with instance names M1 and M2) are, in this case, identical modules. A singl
(named |PAT) defines the-vectors required to test each instance of the module. The following S
defines fhe vectors to'be run on the module, assuming the module is a stand-alone entity. The thin
unusual|about this~pattern is that when the signal COM is to be compared, it is done in a macro
COMMPN). The,reason is that it is anticipated that this module is to be integrated into a larger de|

the COM signal is to be shared.

Signalg {

Figure F.1—Design,containing two modules with a shared output

pattern
TIL file
g that is
(named
Kign and

AA In; BB In; CC In;
XX Out; YY Out; ZZ Out;
COM Out; }

}

SignalGroups {
ABC = ’'AA+BB+CC’;
XY7Z = 'XX+YY+ZZ';

}

MacroDefs {
COMMON {

W W1;
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Pattern PAT { /*same pattern as defined below */ '}

When these two modules are intgrated into the larger design (CHIP12), several changes need to be made.
But the pattern is unmodified. The changes to make note of are as follows:

a)

b)

C)

d)

1401:
1402:
1403:
1404 :
1405:
1406:
1407:
1408:
1409:
1410:
1411:
1412:
1413:
1414 :
1415:
1416:
1417:
1418:
1419:
1420:
1421:
1422:

The Signals block is changed to define the signal names as they appear at the chip level. The three
input signals (AA, BB, CC) have unique chip level names and the three output signals (XX, YY,

lvdo AN
7=

T 3 1L.COMN tod s +th a1 1
I OCSTEra T oV Carr rotatrresTsarncrarnCrar tn ot pre v Or

Two SignalGroups blocks define the mapping of the chip signals to their respective modul

pattern to be used for both modules.

The PatternBurst block has several things to note. The first is that two versions-of PAT are

fogether using the ParallelPatList statement and that the attribute LockStep_israpplied. It m
every vector in each pattern is to have a similar vector in the other pattern. Each instance of
h specified SignalGroups domain defining the signals it is controlling” and a MacroDefs
defining the macro operation.

Two MacroDefs blocks define the operation to be performed/on the respective modules. It
the macro named COMMON where the handling of the shéred signal is managed. Note that
statement in the macro is AllowInterleave and specifie§ the signal names SEL and CO
statement allows the sharing of these two signal between the two parallel invocations of th
COMMON. Note also that both definitions of COMMON have exactly the same number of]

signal for the state as passed in from the pattern. In the first vector for module M2, the

empty, which thus allows M1 to control.the activity on SEL and COM. In the second vect
fwo macros, the opposite occurs. The sécond vector for module M2 is definining the activity
hnd COM, whereas the second vectot-for M1 is empty.

STIL 1.0 { Design 2005; }
Header {
Source "STD 4450.1-2005";
Ann {* annex F *}
}
Signals {
AAl TIn;~.BB1l In; CCl In; AA2 In; BB2 In; CC2 In;
XX1.0ut; YY1 Out; ZZ1l Out; XX2 Out; YY2 Out; ZZ2 Out;
CoOM\ Out ;

P names.

The name of the SignalGroups block is called out on the PatternBurst and therebyallows {he same

xecuted
pans that
PAT has
domain

s within
the first
M. This
e macro
vectors:

fwo. In the first vector, the macro for M1 defines the SEL signal to be a 1 and compares the COM

ector is
br of the
on SEL

Q-ign::'l f‘rnﬂpc SG M1 {
ABC = 'AA1+BB1+CC1’;
XYZ = "XX1+YY1+2Z1';

}

SignalGroups SG M2 {

ABC = "'AA2+BB2+CC2';
XYZ = "XX2+YY2+2Z2';
Timing {

WaveformTable W1 { /*details omitted */ }
WaveformTable WCOM { /*details omitted */ }

}
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1423:
1424:
1425:
1426:
1427 :
1428:
1429:
1430:
1431 :
1432:
1433:
1434:
1435:
1436:
1437:
1438:
1439:
1440:
1441:
1442:
1443:
1444:
1445:
1446:
1447:
1448:
1449:
1450:
1451:
1452:
1453:
1454:
1455:
1456:

MacroDefs MAC M1 (

COMMON {
AllowInterleave ’'SEL+COM’;
W WCOM;
vV { SEL=1; COM=#; } // compare COM signal from M1
v {} // SEL, COM undefined
¢ { com=x; } // return from macro with X state
W W1;
}
}
MacroDefs MAC M2
COMMON_{
AllowInterleave ’'SEL+COM’;
W WCOM;
v {} // SEL, COM undefined
v { SEL=0; COM=#; } // compare COM signal from M2
¢ { com=Xx; } // return from macro with X state
W W1;
}
}

PatternBurst BRST {
ParallelPatList LockStep {
PAT {SignalGroups SG Ml; MacroDefs MAC M1;}
PAT {SignalGroups SG_M2; MacroDefs MAC_M2;}
}
}
Pattern PAT {
W W1;
¢ { ABC=000; XYZ=XXX; SEL=0; COM=X; }
v { ABC=001; XYZ=LLH; }
Macro COMMON { COM=H;}
vV { ABC=011; XYZ=LHHV- }
Macro COMMON { COM=Ii; }
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Annex G

(informative)

Vector data mapping using \m

Here is an example of the use of the signal mapping operation. See 15.2 for the definition of syntax and

semantics.

G.1 Ugecase #1

Inversid

called fi

D->
U->
L->1
H->
1->h|
h->1
Z ->1
T->]
t->X
N ->
X ->

The foll

1457 :
1458:
1459:
1460:
1461 :
1462:
1463 :
1464:
1465:

[J

= U

N L

N
X

n of a signal is a common reason for using the map function. The characteristic§)of the
waveform can be completely defined in the new waveform definition that is to replacé the one o
r. The following list is of the typical transformations that would cause waveform’inversion

pwing example demonstrates this usage:

STIL 1.0 { Design 2005; }

ForceDown -> ForceUp

ForceUp -> ForceDown

CompareLow -> CompareHigh

CompareHigh -> CompareLow
CompareLowWindow -> CompareHighWindow
CompareHighWindow -> CompareLowWindow
ForceOff -> ForceUnknown

CompareOff -> CompareUnknown
CompareOffWindow -> CompareUnknown
ForceUnknown -> ForceUnknown
CompareUnknown -> CompareUnkitown

Header (
Source "STD 3450.1-2005";
Ann {* sgub-¢lause G.1 *}

inverted
riginally

1466:
1467:
1468:
1469:
1470:
1471 :
1472:
1473:
1474 :
1475:
1476:

}
Signals/ {
AN0..15] In;
B[0..15] Out;
XSIGS 0. . 1517 Inout;
}
SignalGroups { X = ‘XSIGS[0..15]1"; }

Pattern PAT (

v { A = 1111000011110000; B = 0000111100001111; }
v { X = \WA[0..7] \m\WB[8..15]; }

V { X = \WA[0..7] XXXX \m\WA[8..11]; }

v { X = 11110000 \m1100 1100; }

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



https://iecnorm.com/api/?name=581060a3120d30ba571337402d58a6f8

IEC 62526:2007(E) ~ 99—
IEEE 1450.1-2005(E)

G.2 Use case #2

In certain scan test styles, it is necessary to measure the output of the DUT’s bidirectional signals in one
cycle and then to drive the same logical values on the same signals from the tester in the next cycle, while
turning the internal drivers off. A test pattern to accomplish this could have the following format:

a)
b)
c)
d)

€)
f)

Turning
cycle e)
internal
to be ap
test styl
WECs i
bidirect

Even if]
[cycle e
related ¢

It is imy
Otherwi
protoco
where H
driver o

ATPG-4
a)
b)
©)
d)

e)

Load scan chains
Force values on primary inputs (all clocks are off, bidirectionals are driven by DUT)

Measure primary outputs and bidirectionals (all clocks are off)

Force values on primary inputs [values are the same as in cycle b), except the internal bidirectional
drivers are turned off by deactivating a bidirectional_control input], force values on bidirectionals

same logical values as measured in cycle ¢)]

Pulse capture clock
Unload scan chains

off the internal bidirectional drivers in cycle d) avoids possible contentions, that can
because of capturing new data into the state elements. A bidirectional contention develo|
driver and the tester drive opposite logical values on the same bidirectionalpin. The additi
plied on bidirectionals in cycle d) are redundant [can be computed from' the data of cycle
e needs to be supported without adding extra data to the STIL pattefns and without chan
1 the patterns. Also, ATPG rules checking can verify the correctn@ss of the patterns [e.g., the
onals are turned off in cycle d)] before actually generating test data.

ATPG-generated patterns are contention-free on all\ bidirectionals, both pre- and post
], this protocol may be required for test flows alt¢ady designed with this protocol or if
litches that may temporarily cause contention on(the bidirectionals are to be avoided.

ortant that the bidirectional control inputtiirns off ALL internal bidirectional drivers in
se, a contention-free pattern could beitransformed into a pattern with contentions by
that attempts to avoid bidirectional~contentions! For example, consider the following ¢
IDI1 and BIDI2 are bidirectionals, and BIDI_CTRL is an input that, when 0, turns off the
I BIDI1, but not of BIDI2.

enerated, contention-free pattern:

[ _oad scan chains

Force values on primary inputs and bidirectionals (force BIDI_CTRL=1; BIDI1 = Z; BIDI2
Measure primaty outputs and bidirectionals (measure BIDI1=L; BIDI2=H;)

Pulse captute clock [it has the effect of switching the internal drivers such as now both th
ind the'BIDI2 internal drivers are driving 0. There is no contention, because the tester con
(drive'Z on both bidirectionals, as in cycle b)]

result in
ps if the
nal data
C)]. This
cing the
internal

-capture
timing-

ycle d).
he very
xample,
internal

=7;)

e BIDI1
inues to

Inload ccan chalng

Hoat-5ta-criatits
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This pattern can be changed, after it has been generated, to match the LNI protocol:

a)
b)
c)
d)
e)

f)

Exampl

1477 :
1478:
1479:
1480:
1481 :
1482:
1483 :
1484:
1485:
1486:
1487:
1488:
1489:
1490:
1491 :
1492:
1493 :
1494 :
1495:
1496:
1497:
1498:
1499:
1500:
1501:
1502:
1503:
1504:
1505:
1506:
1507:
1508:
1509:
1510:
1511:

In this example, the vectors are labeled to correspond to the cycles above. Cycle c) uses the arguments
passed in for _IO first (HL), and then cycle d) uses them again, this time mapped to (10), which remain in

Load scan chains

Force values on primary inputs and bidirectionals (force BIDI_CTRL=1; BIDI1 = Z; BIDI2 = Z;)

Measure primary outputs and bidirectionals (measure BIDI1=L; BIDI2=H;)
Force values on primary inputs (force BIDI_CTRL=0; BIDI1=0; BIDI2=1;)

Pulse capture clock [It has the effect of switching the internal drivers such as now both the BIDII1
and the BIDI2 internal drivers are driving 0. This causes a contention on BIDI2: its internal driver,

not turned off, drives O while the tester drives 1, as in cycle d)!]

Unload scan chains

STIL 1.0 { Design 2005; }
Header (
Source "STD 1450.1-2005";
Ann {* sub-clause G.2 *}

}

Signals { A In; CK In; BIDI ENABLE In; B Out; Qi InOut; Q2 In

SignalGroups
_I0 ='Q1+Q2" {
WEFCMap
L->0; H->1; T->Z; X->N;
}
}
}

PatternBurst " BURST " {
PatList {" PATTERN "%}

}

Procedures PROCDOMAIN (
"CAPTURE_SYSCLK" {
W MYWFT; ~/where all WaveformCharacters are defined
"cycle ™ V { A=#; CK=0; BIDI ENABLE=1; B=X; I0=2Z%Z ; }

"cyckeN3t: V { B=#; I0=%%; }

"cycle 4": vV { BIDI_ENABLE=0; B=X; _IO=\m ##; }
"gycle 5": V { CK=P; }

}

Dut ;

Pattern " PATTERN " (
W myWFT;
"cycle 1": Call "LOAD UNLOAD" { }
Call "CAPTURE SYSCLK" { A=0; B=H; IO=HL; }
"cycle 6": Call "LOAD UNLOAD" { }

effect for cycle e) as well.

[ Published

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



https://iecnorm.com/api/?name=581060a3120d30ba571337402d58a6f8

	CONTENTS
	FOREWORD
	Title page
	IEEE Introduction
	Notice to users
	Participants

	1. Overview
	1.1 Scope
	1.2 Purpose

	2. Definitions, acronyms, and abbreviations
	2.1 Definitions
	2.2 Acronyms and abbreviations

	3. Structure of this standard
	4. STIL syntax description
	4.1 Reserved words
	4.2 Reserved characters
	4.3 Reserved UserFunctions
	4.4 Signal and group name characteristics
	4.5 STIL name spaces and name resolution

	5. Expressions
	5.1 Constant and variable expressions
	5.2 Expression delimiters—single quotes and parentheses
	5.3 Arithmetic expressions—integer, real, time, boolean
	5.4 Pattern data expressions
	5.5 Expression processing
	5.6 Boolean—boolean_expr
	5.7 Integers—integer_expr
	5.8 Logic expressions—logic_expr
	5.9 Real expressions—real_expr
	5.10 Addition to timing expressions—time_expr
	5.11 SignalVariables—sigvar_expr
	5.12 Formal parameters in procedures and macros
	5.13 Integer lists—integer_list

	6. Statement structure and organization of STIL information
	7. STIL statement
	7.1 STIL syntax
	7.2 STIL example

	8. UserKeywords statement
	8.1 UserKeywords syntax
	8.2 UserKeywords example

	9. Variables block
	9.1 Variables block syntax
	9.2 Variables example
	9.3 Variables scoping
	9.4 Variables synchronizing

	10. Signals block
	10.1 Signals block syntax
	10.2 Signals example
	10.3 Bracketed signal notation enhancement

	11. SignalGroups block
	11.1 SignalGroups syntax
	11.2 SignalGroups, WFCMap, and Variables example
	11.3 Default WFCMap attribute value
	11.4 Defining indexed signal groups

	12. PatternBurst block
	12.1 PatternBurst syntax
	12.2 PatternBurst example
	12.3 Tiling and synchronization of patterns
	12.4 If and While statements

	13. Timing block and WaveformTable block
	13.1 Additional domain specification
	13.2 CompareSubstitute operation—s, S

	14. ScanStructures block
	14.1 ScanStructures syntax
	14.2 Scan cell naming—cell_ref, chain_ref, cell_group, chain_group
	14.3 Scoping rules for ScanStructure blocks
	14.4 Example indexed list of scan cells
	14.5 Example of ScanChainGroups and ActiveScanChain
	14.6 Scan chain segments and cell groups

	15. Pattern data
	15.1 Data content read back—\C, \D, \E, \S, \U, \W
	15.2 Vector data mapping and joining—\m, \j
	15.3 Specifying event data in a pattern—\e
	15.4 Using expressions within pattern data

	16. Pattern statements
	16.1 Additional Pattern syntax
	16.2 Vector data constraints—F, E
	16.3 Shift and LoopData statements
	16.4 Loop statement using an integer expression
	16.5 MergedScan function

	17. Procedure and macro data substitution
	17.1 Nested procedure and macro cells
	17.2 Passing parameters to variables
	17.3 Default value of formal parameters
	17.4 Data substitution using WFCConstant and SignalVariable

	18. Environment block
	18.1 Environment syntax
	18.2 MAP_STRING syntax
	18.3 NameMaps example
	18.4 Compact scan-cell mapping using InheritNameMap

	19. Pragma block
	19.1 Pragma syntax

	20. PatternFailReport
	20.1 PatternFailReport syntax
	20.2 PatternFailReport example

	Annex A (informative) Glossary
	Annex B (informative) Signal mapping using SignalVariables
	Annex C (informative) Using logic expression with signals
	Annex D (informative) Using boolean expressions in patterns
	Annex E (informative) Variables and expressions in algorithmic patterns
	Annex F (informative) Using AllowInterleave
	Annex G (informative) Vector data mapping using \m
	Annex H (informative) Vector data joining using \j
	Annex I (informative) Block data collection
	Annex J (informative) Using Fixed and Equivalent statements
	Annex K (informative) Independent parallel patterns
	Annex L (informative) Applications using new ScanStructures syntax
	Annex M (informative) BreakPoints using MergedScan() function
	Annex N (informative) Labels and X statements for diagnostic feedback
	Annex O (informative) Use of STIL.1 for specific applications
	Annex P (informative) Bibliography
	Annex Q (informative) List of participants



