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INTERNATIONAL ELECTROTECHNICAL COMMISSION

STANDARD TESTABILITY METHOD
FOR EMBEDDED CORE-BASED INTEGRATED CIRCUITS

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization

promdte international co-operation on all questions concerning standardization in the elect
electrpnic fields. To this end and in addition to other activities, IEC publishes International) §
Technfical Specifications, Technical Reports, Publicly Available Specifications (PAS) and /Guides
referr¢d to as “IEC Publication(s)”). Their preparation is entrusted to technical committees; ahy IE(
Comnyittee interested in the subject dealt with may participate in this preparatory, work. Inte
goverpmental and non-governmental organizations liaising with the IEC also participate in this pr
IEC cpllaborates closely with the International Organization for Standardization."(ISO) in accord
conditions determined by agreement between the two organizations.

The fprmal decisions or agreements of IEC on technical matters expréssy as nearly as pog
internptional consensus of opinion on the relevant subjects since“each technical comm
repregentation from all interested IEC National Committees.

IEC Ppblications have the form of recommendations for international’use and are accepted by IEQ

erpretation by any end user.

In order to promote international uniformity, IEC National"Committees undertake to apply IEC Pu
transpgarently to the maximum extent possible in their (national and regional publications. Any d
between any IEC Publication and the corresponding national or regional publication shall kL
indicafed in the latter.

IEC pfovides no marking procedure to indicate<its approval and cannot be rendered responsibl
equipent declared to be in conformity with an~lEC Publication.

Attentjon is drawn to the possibility that some of the elements of this IEC Publication may be the
paten{ rights. IEC shall not be held responsible for identifying any or all such patent rights.

Internatjonal Standard IEC/IEEE 62528 has been processed through Technical Co
93: Desjgn automation.

The tex{ of this standard’is based on the following documents:

IEEE Std FDIS Report on voting
1500(2005) 93/250/FDIS 93/261/RVD

Full infgrmyation on the voting for the approval of this standard can be found in the r
voting indicatedin the above table.

IEC is to
rical and
tandards,
hereafter
National
rnational,
bparation.
hnce with

sible, an
ttee has

National
nt of IEC
r for any

blications
vergence
e clearly

e for any

Eubject of

mMmittee

bport on

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

reconfirmed,

withdrawn,

replaced by a revised edition, or
amended.
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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 International Standard is wholly voluntary. The IEC and IEEE disclaim liability for
any persanal injury property or other damage of any natiire whatsoever whether special  indirect,
consequential, or compensatory, directly or indirectly resulting from the publication, use of, or reliaghce upon
this, or arjy other IEC or IEEE Standard document.

The IEC pnd IEEE do not warrant or represent the accuracy or content of the material contained hgrein, and
expressly|disclaim any express or implied warranty, including any implied warranty of merchantability |or fitness
for a spqcific purpose, or that the use of the material contained herein is free from)patent infrlngement.
IEC/IEEE|Dual Logo International Standards documents are supplied “AS IS”.

The existence of an IEC/IEEE Dual Logo International Standard does not imply thatthere are no othgqr ways to
produce, |test, measure, purchase, market, or provide other goods and servicés yrelated to the scope of the
IEC/IEEE| Dual Logo International Standard. Furthermore, the viewpoint expfessed at the time a stfandard is
approved|and issued is subject to change brought about through developments in the state of the art and
commentg received from users of the standard.

Every IEEE Standard is subjected to review at least every five years for revision or reaffirmation| When a
documen{ is more than five years old and has not been reaffirmed, it)is reasonable to conclude that its|contents,
although Etill of some value, do not wholly reflect the present state{of the art. Users are cautioned tq check to
determing that they have the latest edition of any IEEE Standard.

In publishing and making this document available, the I[E€ and IEEE are not suggesting or [rendering
professiopal or other services for, or on behalf of, any person or entity. Neither the IEC nor IEEE is urjdertaking
to perfor any duty owed by any other person or entity.to another. Any person utilizing this, and pny other
IEC/IEEE| Dual Logo International Standards or IEEESStandards document, should rely upon the advice of a
competent professional in determining the exercise.6freasonable care in any given circumstances.

Interpretdtions — Occasionally questions may arise regarding the meaning of portions of standards as they relate
to specifi¢ applications. When the need for interpretations is brought to the attention of IEEE, the Ingtitute will
initiate agtion to prepare appropriate responses. Since |IEEE Standards represent a consensus of dqoncerned
interests,|it is important to ensure that.any interpretation has also received the concurrence of a balance of
interests.|For this reason, IEEE and theymembers of its societies and Standards Coordinating Comml|ittees are
not able {o provide an instant response to interpretation requests except in those cases where the matter has
previously received formal consideration.

Commentps for revision of IEC/IEEE Dual Logo International Standards are welcome from any interesfed party,
regardlesp of membership affiliation with the IEC or IEEE. Suggestions for changes in documents sheuld be in
the form ¢f a proposed change of text, together with appropriate supporting comments. Comments on ptandards
and requgsts for interpnetations should be addressed to:

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

Authorizalion to“photocopy portions of any individual standard for internal or personal use is grantgd by the
Institute ¢f“\Eléctrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to [Copyright
Clearance Center. To arrange for payment of licensing iee, please contact Copyright Clearance Center,
Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy
portions of any individual standard for educational classroom use can also be obtained through the Copyright
Clearance Center.

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.

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

Introduction

IEEE Std 1500 is a scalable standard architecture for enabling test reuse and integration for embedded cores
and associated circuitry. It foregoes addressing analog circuits and focuses on facilitating efficient test of
digital aspects of systems on chip (SoCs). IEEE Std 1500 has serial and parallel test access mechanisms
(TAMs) and a rich set of instructions suitable for testing cores, SoC interconnect, and circuitry. In addition,

IEEE Std 1500 defines features that enable core isolation and pro

through
through

Core ted
ated wit
IEEE St

IEEE St

tection. IEEE Std 1500 will reduce

improved access.

t language (CTL) is the official mechanism for describing IEEE 1500 wrappers and test dat:

d 1500.

d 1500 was broadly influenced by the past work of the IEEE Std 1149:3"™ Working Group

several members from that group. IEEE Std 1149.1 and IEEE Std 1500 havesimilar goals at differe

of integ

purpose
testing d

IEEE St
onciling
porting

Object

The Em|
method
be indeq]
create th
of interd
ital core

In ordern
forces:

Fation. IEEE Std 1149.1 describes a wrapper architecture and access mechanism designed
of testing components of a board whereas IEEE Std 1500-has a similar structure targeted
ores in an SoC.

d 1500 has been a continuous effort for its participants’ due to the goal of resolving the need
and accommodating disparate test strategies and.miotives. The greatest effort has been put {
hs many requirements as possible while still producing a cohesive and consistent standard.

ive of the IEEE 1500 effort

bedded Core Test Working Greup was approved in 1997 with the charter to develop a stan
for integrated circuits (ICs) eontaining embedded cores, i.e., reusable megacells. That methg

e necessary testabilitysréquirements for detection and diagnosis of such ICs, while allowing

perability of coreg originated from distinct sources. This method will be usable for all classe
5 including higrarchical ones (subclause 15.1 discusses hierarchical core-wrapper configura

to satisfy._that charter, the Embedded Core Test Working Group was organized into sev

test cost
quality

L associ-

h cores. CTL is defined in IEEE P1450.6 ™? and was originally begun as part.éfjthe development of

and has
ht levels

for the
towards

s of rec-
nto sup-

ard test
d would

endent of the underlying functionality of the IC or its individual embedded cores. The method will

for ease
5 of dig-
ions).

bral task

Core Test Language

nformati

Scalable Architecture
Compliance Definition/Information Model
Terminology/Glossary
Edition
Mergeable Cores Test
Benchmarking

Industry & Media Relations

on on references can be found in Clause 2.
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Achievements

Since its inception, the Embedded Core Test Working Group has produced eight drafts of the preliminary
standard, considering all aspects of core-based test. Due concern has been given to ensuring that a broad
spectrum of users will be satisfied through flexibility. Both serial and parallel TAMs were developed. A
definition for core wrappers was created, and a set of instructions developed. The CTL was begun, and an
information model and compliance definition using that language were developed.

Notice to users

Errata

Errata,
standard
errata pq

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

s.ieee.org/reading/iece/updates/errata/index.html. Users are encouraged to checklthis [
riodically.

Interpretations

Current [interpretations can be accessed at the following URL: http://standards.ieee.org/reading/iee
index.html.

Patents

Attention is called to the possibility that implementation ‘of this standard may require use of subjed

covered
validity
patents

conduct

by patent rights. By publication of this standard,;no position is taken with respect to the exis
of any patent rights in connection therewith. The IEEE shall not be responsible for idg
br patent applications for which a license may be required to implement an IEEE standat
ng inquiries into the legal validity onScope of those patents that are brought to its attention,|

http://
JRL for

p/interp/

t matter
tence or
ntifying
d or for
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STANDARD TESTABILITY METHOD

FOR
INTE

1. Overview

1IEEE St
tion for
testing 1
designe
used to
for bloc

The IEH
wrapper]
users. T
itself to
of such
related 1
addressg

IEEE St
minals,
bidirecti
nals is p
able tert
in this s

While I
prevent

EMBEDDED CORE-BASED
GRATED CIRCUITS

d 1500™ defines a scalable architecture for independent, modular test development and test
pmbedded design blocks and also enables test of the external logic sutrounding these cores.
5 typically a requirement for embedded nonlogic blocks, such as‘memories, and for embed|

partition large design blocks into smaller blocks of more manageable size and to facilitate t
ks that are reused from one system-on-chip (SoC) designto the next.

E 1500 architecture comprises hardware requiremerits; through the definition of a standardi

and uses a test-specific language to communicate information between core providers 3
his language is the IEEE P1450.6™ ! core test language (CTL). Although IEEE Std 150(
test aspects internal to nonmergeable cores, careful consideration was given to the interop
cores, resulting in plug-and-play (PnPj.requirement definitions. SoC-specific issues such
o the design of test access mechanisms (TAMs) are excluded from this standard and assum
d by the SoC designer.

d 1500 specifically focuses on defining test requirements for unidirectional non-tristate di
as these represent a miimum and mandatory set of requirements upon which the more
onal terminals are based. It is, therefore, implied that support for bidirectional or tristatab
rovided only to the extent that the individual unidirectional terminals, i.¢., the bidirectional d
hinal, are available for IEEE 1500 wrapper insertion. In addition, the hardware architecture
andard antitipates a synchronous wrapper design methodology.

EEE Std 1500 does not discuss chip-level design, the architecture defined in this standard
interfacing with IEEE 1149.1™-based standards. An example of this interface is pro

applica-
Modular
ded pre-

| nonmergeable intellectual property (IP) cores. In addition, the IEEE 1500 architecture car also be

PSt reuse

ed core
nd core
limited
erability
as those
ed to be

pital ter-
omplex
e termi-
r tristat-
defined

Hoes not
ided in

£ ] EPORIE) £
Annex CHorthereadersbenefit:

All rules described in this standard apply to the case where the IEEE 1500 wrapper is enabled (the wrapper
logic actively participates in the test of the core) except rules specific to the Wrapper Disabled state of the
IEEE 1500 wrapper. In Wrapper Disabled state, the IEEE 1500 wrapper is disabled, allowing functional

nformati

on on references can be found in Clause 2.
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operation of the wrapped core. IEEE P1450.6 constructs were added to this standard, where appropriate, to
further guide the reader. It is anticipated that the reader will refer to these CTL constructs documented in
IEEE P1450.6. Additional discussion that complements the body of this standard are presented in annex

clauses:

— Annex A contains the legend for IEEE 1500 wrapper cells.

— Annex B shows examples of IEEE 1500 wrapper cells.

— Annex C presents similarities between IEEE Std 1500 and IEEE Std 1149.1 and discusses an exam-
ple interface between IEEE Std 1500 and IEEE Std 1149.1.

1.1 Scppe

IEEE S

1500 has developed a standard design-for-testability method for integrated circuits1Cs)

contain-

ing embedded nonmergeable cores. This method is independent of the underlying functionality of the IC or

its individual embedded cores. The method creates the necessary requirements for the\ést of such I(
allowing for ease of interoperability of cores that may have originated from different'Sources.

1.2 Pu

The aim
the reus
This obj
tion of @

IEEE St
of test d|
tion reli
the core
ers and

The dat4
data are
SoC.

2. Noi

pose

of IEEE Std 1500 is to provide a consistent scalable solution to the test reuse challenges sp
e of nonmergeable cores, while preserving the IP aspects that are often associated with the
ective is achieved through provision of a core-centric-methodology that enables successful
ores into SoCs.

d 1500 provides a bridge between core proyiders and core users and also facilitates the aut
hta transfer and reuse between these two-entities via the use of the IEEE P1450.6 CTL. This
es on information requirements (the information model) placed on the core provider to en
can be successfully integrated by the core user. The result is shorter time to market for cord
ore users.

transfer and reuse from‘the core provider to the core user are based on the premise that the
left unchanged, while the test protocol is adapted from the IEEE 1500 hardware interfaq

mative references

s, while

ecific to
e cores.
integra-

omation
automa-
ure that
provid-

Core test
e to the

The following referenced documents are indispensable for the application of this document. For dated refer-
ences, only the edition cited applies. For undated references, the latest edition of the referenced document
(including any amendments or corrigenda) applies.

IEEE Std 1149.1, IEEE Standard Test Access Port and Boundary-Scan Architecture.”

IEEE P1450.6, Draft Standard for Standard Test Interface Language (STIL) for Digital Test Vector Data—

Core Te

st Language (CTL), http://grouper.ieee.org/groups/ctl/.

2IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854,
USA (http://standards.ieee.org/).
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3. Definitions, acronyms, and abbreviations

This clause lists some definitions of terms that have been used throughout this standard. In addition, a list of
acronyms and abbreviations is also provided. The criteria for differentiating various terms are based on the
following rules:

a)

b)

Effort h

3.1 De

3.1.1 ac
embedd
mechan;

(@)
b)
3.1.2 au
(WRCK

3.1.3 by
(WSI) t

3.1.4 captureWR:’A wrapper terminal used to enable and control a Capture operation in the

IEEE 135

General terminology in the scope of electrical engineering and/or test technology, which do not

influence the definition of this standard itself.

1) These terms are used in this standard without further explanation. It is assumed that the reader-

ship has sufficient background knowledge to understand these terms.

2) Some of these terms may already be defined in The Authoritative Dictionary of IEEE Stan-

dards Terms Therefore someone looking for a parficnlar definition conld always co

sult The

Authoritative Dictionary to verify the meaning of the term.
Terms that are specific to this standard

1) These terms are defined in this clause.

D)  General definitions are valid throughout this standard.

B) Local definitions are relevant only to a specific clause of this standard:

hs been made to achieve consistent usage of all terms (e.g., wrappery FAM).

finitions

sms:
hser-defined logic (UDL) during functional’operation or normal mode.

ng nonfunctional operation or test-mode.
during core test for capturing, shifting, updating, and optionally transferring test data in a
pass: As applied to tore wrappers, an abbreviated sequential path connecting a wrapper ser

a wrapper serialoutput (WSO).

00 wrapper register (WR).

cess mechanisms: Mechanisms by which signals may\be propagated to and from a core, from either
bd circuitry or from the primary inputs and outputs,of the system chip. There are two types ¢f access

Functional access: The mechanism for moving stimuli to and observing responses from g core or

Test access: The mechanism for moying stimuli to and observing responses from a core or YDL dur-

xiliary clock (AUXCK):, A-functional clock that may be used in conjunction with wrapper clock

vrapper.

ial input

selected

3.1.5ce

I'Tuncuonal iInput (CKFI): For mput wrapper cells, the CCIl' S mput, which 1s connected 1o a

wrapper

functional input (WFI); for output wrapper cells, the cell’s input, which is connected to a core output.

NOTE—See CFI pin in Figure 16.

3.1.6 cell functional output (CFO): For input wrapper cells, the cell’s output, which is connected to a core
input; for output wrapper cells, the cell’s output, which is connected to a wrapper functional output (WFO).

NOTE—See CFO pin in Figure 16.

3.1.7 cell test input (CTI): A wrapper boundary register (WBR) cell’s test data input.

3.1.8 cell test output (CTO): A wrapper boundary register (WBR) cell’s test data output.
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3.1.9 control: The process of applying test pattern stimuli.

3.1.10 core: Predesigned circuit block that can be tested as an individual unit.

3.1.11 core data register (CDR): Optional data register that belongs to a core being wrapped.

3.1.12 core input: An input terminal of an unwrapped core.

3.1.13 core integrator: An entity that incorporates one or more cores into an system on chip (SoC).

3.1.14 core isolation: A test mode feature preventing core-to-core or core-to-UDL (i.e., user-defined logic)

interacti

3.1.15¢

3.1.16¢

3117¢

3.1.18 ¢

used to
describd

NOTE—]

pre output: An output terminal of an unwrapped core.
pre provider: An entity that designs cores that can be reused in other designs:

pre test: A test methodology that is applied to an embedded core.

test and support data so that the core can be effectively integrated, reused and tested.

See IEEE P1450.6 reference documentation.

3.1.19
operati

3.1.20 dedicated wrapper (cell): A wrapper stylethat does not share hardware with core functional

ore test language (CTL): A standard language for core suppliets to provide test data that can be
test a core once it is integrated into a system on chip (SoC). (The language presents a fprmat to

edicated shift path: A shift path comprising storage elements that do not participate in functional

lity. This

style allows certain test operations to occur~concurrently and transparently during functional operation.

This de

nition could apply to individual cells:

3.1.21 ekternal safe state: A configuration of safe state in which the outputs of a core are in a state

vents th

3.1.22 fi
process

fechnology-dependent netlist representation and may be amenable to some modification.

that pre-

em from interfering with a'block of logic outside the core. See also internal safe state; safe state.

rm core: A predeSigned block of functional logic such as a macro, megacell, or memory that has a

3.1.23 hiard coret A predesigned block of functional logic such as a macro, megacell, or memory that has a

physical

implementation that cannot be modified.

3.1.24 H
wrapper

vbrid instruction: A _wrapper instruction that has mixed use of wranper serial nort (W
o rr rr r

parallel port (WPP) terminals.

3.1.25 input cell: A wrapper boundary register (WBR) cell that is provided on a core input.

P) and

3.1.26 internal safe state: A configuration of safe state whereby a core is protected from the impact of a test
outside the core. See also external safe state; safe state.

3.1.27 interoperability: See plug-and-play (PnP).

3.1.28 inward facing (IF) mode: The test mode where core inputs are controlled by the wrapper boundary

register

(WBR) and core outputs are observed by the WBR.
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3.1.29 mergeable core: With respect to testability, a core that can be integrated with other cores and user-
defined logic (UDL) into a system on chip (SoC) so that a uniform design-for-test (DFT) methodology can
be applied across the entire system. A typical mergeable core is provided using a register transfer level
(RTL) or gate-level description.

3.1.30 merged core: With respect to testability, a core that is integrated with other cores and user-defined
logic (UDL) into a system on chip (SoC) so that a uniform design-for-test (DFT) methodology could be
applied across the entire system.

3.1.31 nonmergeable core: With respect to testability, a core that cannot be integrated to apply a uniform
design-for-test (DFT) methodology to the entire system on chip (SoC). A typical nonmergeable core comes
with a physical design implementation that does not accommodate modification of the test methodology. A
nonmegpgable core may be represented as a block-box design, making standard automatic test pattern gener-
ation (A[TPG) impossible on such a core.

3.1.32 I;)nmerged core: With respect to testability, a core that has not been integrated with'other cpres and
user-deffined logic (UDL) into a system on chip (SoC) so that a uniform design-for-testy(DFT) methiodology
could bg applied across the entire system.

3.1.33 normal mode: The mode in which the wrapper boundary register (WBR) does not interfere with the
functiorfal operation of a wrapped core.

3.1.34 opservation: The process of monitoring pattern response.
3.1.35 output cell: A wrapper boundary register (WBR) cell that is provided for a core output.

3.1.36 outward facing (OF) mode: The test mode whereswrapper functional outputs (WFOs) are cqntrolled
by the wWrapper boundary register (WBR) and wrapper functional inputs (WFIs) are observed by thef WBR.

3.1.37 parallel instruction: A wrapper instruction that uses wrapper parallel port (WPP) terminals pnd also
configufes the wrapper bypass register (WBR) between wrapper serial input (WSI) and wrapper sdrial out-
put (WSO).

3.1.38 pattern set: A collection of test vectors intended for manufacturing test. In the context of fore test
languagg (CTL), a pattern set is.a'collection of pattern constructs and their associated macros and prgcedures

brought|together with PatternBurst and PatternExecs.

3.1.39 plug-and-plays(PnP): A minimum level of interoperability between various core wrappers |n a sys-
tem on ¢hip (SoC):

3.1.40 safe data: Data that satisfy safe state configuration requirements. These data are user-definedl.

3.1.41 safe stater A property whereby a [est Of ofic DIOCK ot 10gIC 15 prevented from intertering with or dam-
aging another block of logic. See also external safe state; internal safe state.

3.1.42 selectWIR: The IEEE 1500 wrapper terminal that determines the selection of a wrapper register
(WR). A value of 1 represents selection of the wrapper instruction register (WIR), and a value of 0 repre-
sents selection of a wrapper data register (WDR).

3.1.43 serial instruction: A wrapper instruction that exclusively uses wrapper serial port (WSP) terminals.
3.1.44 serial scan chain: The scan chain configuration inside a wrapped core where an internal scan chain is

concatenated with the wrapper boundary register (WBR) chain for the purpose of running the WS _INTEST
SCAN instruction.
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3.1.45 shared wrapper (cell): The wrapper style that shares logic between the test and functional modes of
operation. Shared cells typically include registered core inputs and outputs that can be used in test mode to
control and observe core test data. This style prevents simultaneous functional and test operation uses of the
shared register.

3.1.46 shiftWR: The wrapper terminal used to enable and control a Shift operation in the selected IEEE

1500 wr:

apper register (WR).

3.1.47 silent shift path: A wrapper boundary register (WBR) shift path comprising a dedicated shift path
and implemented to support a Shift operation that keeps wrapper functional output (WFO) terminals static.

3.1.48s

oft core: A predesigned block of functional logic such as a macro, megacell, or memory wi

th a reg-

ister trai

3.149s
test vect
senting

3.1.50 s
with use

3.1.51t
of test d|

3.1.52t
coupling
3.1.53 t
NOTE—

3.1.54 ¢t

3.1.55¢
NOTE—

3.1.56 t
tions an
prise a s
a series
symboli
data por

isfer level (RTL) representation. Soft cores are inherently process technology independent.

andard test interface language (STIL): The language in IEEE Std 1450™ for representin
or data. The core test language (CTL) is an extension of STIL to support a standard way
est data for a core.

ystem on chip (SoC): An entire system integrated on a single chip. It niay include one or mgq
r-defined logic (UDL) integrated by the core user or system integrafef,

st access mechanism (TAM): A feature of a system-on-chip(S0C) design that enables the
hta to and from cores or core wrappers.

st access mechanism (TAM) harness: Wrapper boundary register (WBR) logic that eng
of a TAM to cell test inputs (CTIs) and cell test putputs (CTOs).

st input (TI): The serial test data input of aiwrapper boundary register (WBR).

See TI in Figure 16.
st mode: A configuration whereby a’block of logic is made ready for test.

st output (TO): The serialtest data output of a wrapper boundary register (WBR).
See TO in Figure 16.

st protocol: A seqiience of control operations required for a test. A test protocol comprig
/or sequences..Functions may consist of other functions and/or sequences, while sequend
eries of logie/0-and 1 values applied to specified terminals. At the lowest level, a test protoc
of logic*0~and 1 applied to specified test control terminals. The protocol will typically alsg
C references to the test data that are to be applied to or observed at a specified test data o
L. Korexample, a scan protocol might involve the repetition of the following operations:

o digital
f repre-

e COres

delivery

bles the

es func-
es com-
bl is just
contain
system

a)  Apply a logic level to assert an internal scan chain SCAN_ENABLE control signal.

b) Apply a sequence of n clock pulses to a clock port while applying data to the SCAN_DATA_IN of
the scan chain(s). Observe data at the SCAN DATA_ OUT of the scan chain(s) as the data are
clocked through the scan chains.

c) De-assert SCAN ENABLE and clock the scan chains one or more times while controlling primary
inputs and observing primary outputs.

d) Repeat steps (a), (b), and (c) until the application of the scan chain patterns is complete.

3.1.57 test reuse: The ability to apply a predetermined test pattern associated with a core after this core has
been integrated into a system on chip (SoC). Test reuse is a consequence of design reuse and often requires
the adaptation of a test protocol to reflect the core’s new environment within an SoC.
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3.1.58 transferDR: The IEEE 1500 wrapper terminal provided to enable and control the Transfer operation
for the wrapper boundary register (WBR).

3.1.59 update register: The register used to prevent the outputs of a shift register from propagating to other
circuitry during Shift operation. After shifting is complete, the content of the associated shift register is par-

allel-loaded (updated) into the update register.

3.1.60 updateWR: The wrapper terminal used to enable and control an Update operation in the selected
IEEE 1500 wrapper register (WR).

3.1.61 user-defined logic (UDL): Logic added by the system chip integrator (i.e., not a reused design), as
interface_circuitry or part of the feature set that differentiates the system-on-chip (SoC) product

3.1.62 wrapper: Circuitry added around an embedded core to facilitate test reuse and to intenface bgtween a
test accgss mechanism (TAM) and the embedded core.

3.1.63 wrapper boundary register (WBR): The portion of a wrapper comprising wirapper cells. Sde wrap-
per cell

3.1.64 wrapper bypass register (WBY): The IEEE 1500 register providiiig“an abbreviated datal register
betweer] wrapper serial input (WSI) and wrapper serial output (WSO).

3.1.65 wrapper cell: The wrapper element associated with a singl¢\core terminal.
3.1.66 wrapper clock (WRCK): The IEEE 1500 clock.
3.1.67 wrapper configuration: An arrangement of interconnected wrappers in a system on chip (S¢C).

3.1.68 wrapper data register (WDR): The IEEE 1500 register [e.g, wrapper boundary register [ WBR),
wrappet] bypass register (WBY)] used to perform IEEE 1500 operations.

3.1.69 wrapper functional input (WEB: The wrapper input terminal corresponding to the functignal core
input offa wrapped core.

3.1.70 wrapper functional output (WFO): The wrapper output terminal corresponding to the fynctional
core ou‘t-[)ut of a wrapped Core:

3.1.71 Wrapper input:-An input terminal to a wrapped core. In the case where there is a shared wragper cell,
the term| wrapperinput takes precedence over the term core input.

3.1.72 wrapper instruction register (WIR): The IEEE 1500 register used to serially load and stdre IEEE
1500 instreetions-

3.1.73 wrapper output: An output terminal to a wrapped core. In the case where there is a shared wrapper
cell, the term wrapper output takes precedence over the term core output.

3.1.74 wrapper parallel port (WPP): A user-defined set of wrapper terminals corresponding to a test
access mechanism (TAM) and providing parallel access to the wrapper boundary register (WBR) and/or an
embedded core.

3.1.75 wrapper register (WR): A wrapper instruction register (WIR) or wrapper data register (WDR).

3.1.76 wrapper reset (WRSTN): The IEEE 1500 active low reset.
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3.1.77 wrapper serial input (WSI): The wrapper serial data input.

3.1.78 wrapper serial output (WSO): The wrapper serial data output.

3.1.79 wrapper serial port (WSP): Standard wrapper terminals providing serial access to the IEEE 1500
wrapper. The following signals comprise the WSP: wrapper reset (WRSTN), wrapper clock (WRCK),

SelectWIR, TransferDR, ShiftWR, CaptureWR, UpdateWR, wrapper serial input (WSI), and wrapper serial
output (WSO). Additionally, user-defined auxiliary clock(s) (AUXCKs) may be part of the WSP.

3.2 Acronyms and abbreviations

ASIC application-specific infegrated circuit
ATPG automatic test pattern generation
AUXCK auxiliary clock

CDR core data register

CF1 cell functional input

CFO cell functional output

CTI cell test input

CTL core test language

CTO cell test output

DFT design-for-test

FPGA field-programmable gate array
IC integrated circuit

IF inward facing

/0 input/output

1P intellectual property

OF outward facing

PnP plug-and-play

RF radie-frequency

RTL register transfer level

SoC system on chip

STIL standard test interface language
TAM test access mechanism

TAP test access port

TCK IEEE 1149.1 test clock

TI test input

TO test output

UDL user-defined logic

WBR wrapper boundary register
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WBY wrapper bypass register
WDR wrapper data register

WFI wrapper functional input
WFO wrapper functional output
WGL waveform generation language
WIR wrapper instruction register
WPC wrapper parallel control
WPI wrapper parallel input
WPO wrapper parallel output
WPP wrapper parallel port

WR wrapper register

WRCK wrapper clock

WRSTN wrapper reset

w.r.t with respect to

WSC wrapper serial control

WSI wrapper serial input

WSO wrapper serial output

WSP wrapper serial port

4. Structure of this standard

The thrde mandatory hardware blocks\along with the standard instructions and the mandatory serial|port are
describdd in separate clauses of this'standard:
— PBtandard instructions: lause 7
—  [Wrapper serial port (WSP): Clause 8 and Clause 14
—  Wrapper instruction register (WIR): Clause 10

—  Wrapper bypass register (WBY): Clause 11
—  Wrapper-boundary register (WBR): Clause 12

The above hardware clauses are complemented with information model and compliance discussion split
across the following clauses:

—  Compliance definitions common to wrapped and unwrapped cores: Clause 17
—  Compliance definitions specific to unwrapped cores: Clause 18

Compliance definitions specific to wrapped cores: Clause 19

4.1 Specifications

Subclauses entitled “Specifications” contain the rules, recommendations, and permissions that define this
standard:
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a)  Rules specify the mandatory aspects of this standard. Subclauses that are rules contain the word
shall.

b)  Recommendations indicate preferred practice for designs that seek to conform to this standard. Sub-
clauses that are recommendations contain the word should.

c)  Permissions show how optional features may be introduced into a design that seeks to conform to
this standard. These features will extend the application of the test circuitry defined by this standard.
Subclauses that are permissions contain the word may.

It is assumed throughout this standard that rules take precedence over recommendations and recommenda-
tions take precedence over permissions.

4.2 DeLcriptions

Materia
for the f
ble imp
implem

The des
ferred i
towards
occur, tl
ples to g
are desi
tion may

The foll

not contained in subclauses entitled “Specification” is descriptive material thatdllustrates
patures being specified or their application. This material includes schematics that 1llustrate
ementation of the specifications in this standard. Annex clauses to this standard contain al
ntation examples. The descriptive material also discusses rationale for,inclusion of certain

Criptive material contained in this standard is for illustrative purposes\only and does not defi
hplementation. Most examples provided are intentionally someWwhat ambiguous to not disf
a particular implementation style. Where discrepancies between examples and specificati
le specifications always take precedence. Readers shouldexercise caution when using theg
nsure full compliance in their specific applications. In\particular, it is emphasized that the ¢
bned to effectively communicate the meaning of this standard. As always, a particular imp
' not operate properly with respect to timing and-6ther parametric characteristics.

pwing structural conventions are used in this‘standard:

The rules, recommendations, and permissions in each specifications subclause are contai
single alphabetically indexed list. ‘References to each rule, recommendation, or permis
khown in the form:

10.2.1(c)(2)

/SN

subclause option (if any)
number Index

When-the reference and the referring text belong to the same subclause, only the index is i

he need
a possi-
ernative
features.

e a pre-
lay bias
bns may
e exam-
kamples
ementa-

hed in a
kion are

hdicated

ie the subelanse number is omitted)

5. Introduction and motivations of two compliance levels

This standard recognizes the heterogeneous aspect of the embedded core market, i.e., a diversity driven by
the need to cover a variety of design functions implemented in digital logic, analog logic, memory, radio fre-
quency (RF), field-programmable gate arrays (FPGAs), or combinations of the above. Cores come in many
different “flavors” (e.g., hard, firm, soft) and are being used and/or sold within companies as well as
between companies. Within its focus on nonmerged digital logic and memory cores, this standard intends
to support the above diversity and associated business models. This requirement poses a need for flexibility
that was translated into the definition of the following two levels of compliance to this standard:
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— IEEE 1500 unwrapped compliance: This compliance level refers to a core that does not have a
(complete) IEEE 1500 wrapper, but does have a IEEE 1500 CTL description on the basis of which
the core could be made IEEE 1500 wrapped compliant, either manually or by using dedicated tools.
The CTL program describes the core test knowledge at the bare core terminals.

— IEEE 1500 wrapped compliance: This compliance level refers to a core that incorporates an IEEE
1500 wrapper function and comes with an IEEE 1500 CTL program. The CTL program describes
the core test knowledge, including how to operate the wrapper, at the wrapper’s external terminals.

The motivation behind the two different levels of compliance is a need to match the core-provider/core-user
business model and provide the flexibility that is required in testing core-based system chips. The ultimate
compliance goal should be to make a core compliant to the IEEE 1500 wrapped level. Nevertheless, the two

C 1 +datl £ ol IR 1500 J_ds +1 rotloa ot s
16V€18 (0] COMPTrantCprovIaC I UP oI tU- OCCONU T T T T o0 wIapp ot TCT y U1 v Id tr U I tOT O Ty ate Step

of being IEEE 1500 unwrapped.

The firsf alternative, i.e., direct generation of a IEEE 1500 wrapped core, provides the possibility to Integrate
the wrapper functionality with the core itself and hence minimize the performance and area impafgt of the
wrapper} The second alternative is to first create an IEEE 1500 unwrapped core, which/is then, in a separate
step, turped into an IEEE 1500 wrapped core. This allows the SoC integrator to tdke advantage of fhe scal-
ability of the standardized wrapper and instantiate the wrapper with particular ‘parameter values, wlich take
into accpunt certain aspects of the system chip environment in which this pattiCular core version is yised.

6. Overview of the IEEE 1500 scalable hardware architecture

The IEHE 1500 core wrapper comprises the following:
— Perial interface terminals forming the WSP

— A user-defined set of wrapper terminals forming the wrapper parallel port (WPP) and providing par-
hllel access to the wrapper

— AWIR
— A WBY
— A WBR

Figure 1] illustrates the standard-components of the IEEE 1500 wrapper.

6.1 Wrapper serial-port (WSP)

The WYP terminals serve as the primary interface to the IEEE 1500 wrapper. This set of serial tgrminals
could b¢ sourcéd from chip-level pins or from an embedded controller such as an IEEE 1149.1-baged con-
troller, 4s“described in Annex C. The WSP is used to load and unload instructions and data into arld out of
the IEEE 1500 registers. In addition to the wrapper serial input (WSI) and wrapper serial output (WSO) ter-
minals shown in Figure 1, the WSP contains wrapper serial control (WSC) terminals used to control the
operation of all IEEE 1500 registers. The WSP is described with further details in Clause 8.

6.2 Wrapper parallel port (WPP)

The WPP is a user-defined set of wrapper terminals providing a parallel interface to the IEEE 1500 wrap-
per. These terminals are used when the wrapper is configured into parallel mode. The WPP terminals consist
of the wrapper parallel input (WPI) terminal(s), wrapper parallel output (WPO) terminal(s), and wrapper
parallel control (WPC) terminals. The set of WPC terminals may include elements of the set of WSC termi-
nals. The WPP is described with further details in Clause 9.
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Optional User Defined Wrapper Parallel Port (WPP)
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Figure 1—Standard IEEE 1500 wrapper components

6.3 Wrapper instruction register,;(WIR)

The WIR enables all IEEE 1500 wrapper operations. This register is loaded via the WSP with ins{ructions
that selgct an IEEE 1500 data-register. The WIR can optionally be interfaced to the core for establis

mode o1

functional operation-The WIR is described with further details in Clause 10.

6.4 Wrjapper bypass register (WBY)

The WH

Y provides a bypass path for the WSI-WSO terminals of the WSP. The WBY is the default

hing test

lata reg-

ister between WSI and WSO and should be selected by the current wrapper instruction when no other data

register is selected. The WBY is intended to provide a minimum length scan path through the wrapper, so
that when several IEEE 1500 wrappers are serially chained together in a system on chip (SoC), the wrappers
that do not require a data register to be accessed can be bypassed with a short scan path through their WSI-
WSO terminals. The WBY is described with further details in Clause 11.

6.5 Wrapper boundary register (WBR)

The WBR is the data register through which test data stimuli are applied and pattern responses are captured.
This register allows internal testing of the core, as well as testing of external connectivity to other cores and
SoC integration circuitry, in response to an instruction loaded into the WIR. The WBR is described with fur-
ther details in Clause 12.
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7. WIR instructions

The WIR allows instructions to be serially entered into the wrapper circuitry via the WSI and the W
clause defines the minimum set of instructions that shall be supplied and the operations that

SC. This
occur in

response to those instructions. Optional instructions and the resulting operation of the wrapper circuitry are
also defined, together with the requirements for extensions to the instruction set defined in this standard. The

tests applied using IEEE 1500 instructions are to be completely specified with CTL. The CTL i
attributes of the wrapped core such as the following:

dentifies

—  Location and number of core wrapper input and output terminals interfacing with external circuitry,

—  Protocol used to input and output the wrapper scan data,

— Condition or state of the core input and output terminals during the external circuitry test, excluding

Cuitry, and
— [onfiguration of the WBR.

7.1 Introduction

he test input (TT) and test output (TO) terminals and the terminals interfacing with the extdrnal cir-

The IEHE 1500 wrapper has various modes of operation. There are modes for functional (nontest) operation,
inward facing (IF) test operation, and outward facing (OF) test operation. Different test modes al§o deter-
mine whether the serial test data mechanism (WSI-WSO) or the parallel.test data mechanism (WPI-WPO),

t, is being utilized.

of oper-

ation offthe wrapper and possibly the core itself. There is a*thinimum set of instructions and corresponding

defined,

together] with the requirements for extension of the instruction set. All instructions that establish tegt modes

instruction)—that is flexible enough to allow any core test to execute. [IEEE Std 1500 does not defin
for the qore, and this very flexible instruction was specified so that it could be defined differently

a corre-
cessibil-
bore-test
b the test
for each

core te§t. There are twO other instructions that are mandatory: an instruction for functiongl mode

(WS_BYPASS) and an‘instruction for external test mode (WS _EXTEST). WS _BYPASS puts the
into the [bypass configuration and allows access to all functional terminals of the core. WS _EXTES
serial EKTEST configuration of the wrapper. Even if there is a WP_EXTEST mode (for parallel
there myst stitl be a WS_EXTEST instruction capability.

wrapper
T is the
access),

7.2 Response of the wrapper circuitry to instructions
7.2.1 Specifications

Rules

a) Each instruction shall select the wrapper register(s) (WRs) that operate while the instruction is

active.

b)  WRs that are not selected by the active instruction shall be controlled so that they do not interfere

with the operation of the core circuitry or the selected WRs.

c¢) Each instruction shall cause a WR path to be selected to shift data between WSI and WSO with the

proper WSC signals.
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The data register path selected between WSI and WSO shall be of fixed length for each instruction,

and the length shall remain constant while the instruction is active.

The WBY shall be selected to shift data between WSI and WSO while parallel instructions are

active.

Data that are loaded per an instruction into the WBR and to be used by a subsequent instruction must

be held until the subsequent instruction becomes active.

ions

Permiss

2

h)

7.2.2D

The ins

instruction identifies the wrapper or CDRs that may operate while the instruction(isyactive. Several

or CDR
to shift
more w

active ifistruction may select one or more other registers, separate £rom the register(s) between \
WSO ol WPI and WPO, to perform other test functions. Nonselected wrapper or CDRs should be cq
so that they will not interfere with the operation of the core circuitry or with the operation of a W
Rule 7.3.1(f) allows for interdependent instructions such as W.S' PRELOAD and WS _CLAMP to
establish and use setup data.

The starjdard instructions are defined in Table 1. Onlysthe WSP is utilized during the serial instructi

The WR path [of rule 7.2.1(c)] between WSI and WSO may comprise one or more serially con-

nected wrapper data registers (WDRs) or core data registers (CDRs).

A nser-defined wrapper instruction may enable an alternate mechanism for access to WD

s and/or

CDRs.

scription
ructions loaded into the WIR are interpreted in order to achieve two keyvfunctions. Th
8 may be set into test modes simultaneously. Also, an instruction identifies the WR path tha

data between WSI and WSO during scan operation. A particular in§truction may result i
apper or CDRs being serially connected between WSI and WSO. or WPI and WPO. Fur

Table’1—Instruction list

e active
Wwrapper
t is used
I one or
her, the
VSI and
ntrolled
/R path.
properly

pbns.

nstruction Mandaté¢ Description

WS BIYPASS Required Allows normal (functional) mode and puts the wrapper into bypass
mode.

WS_EXTEST Required Allows external test using a single chain configuration in thef WBR.

WP_EKXTEST Optional Allows external test using a multiple scan chain configuratior] in the
WBR.

Wx_ EKTEST Optional A user-specified external test instruction.

WS_ShHE Optionat Puts-the-eore-into-aquietmode-and-outputsapredefined-static
(safe) state from all output ports. It also puts the WBR into bypass
mode.

WS _CLAMP Optional Outputs a programmable static (safe) state from all output ports. It
also puts the wrapper into bypass mode. Preceded by a
Wx_PRELOAD instruction.

WS _PRELOAD Conditionally Loads data into the single silent shift path of the WBR.

required?

WP _PRELOAD Optional Loads data into the multiple silent shift paths of the WBR.

WS _INTEST RING Optionalb Allows internal testing using a single chain configuration in the
WBR.
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Table 1—Instruction list (continued)

Instruction Mandate Description

WS _INTEST SCAN Optionalb Allows internal testing by concatenation of the wrapper chain with

a single internal chain.

Wx_INTEST Required A user-specified core test instruction.

¥WS_PRELOAD is required only if there is a silent shift path in the WBR.
PThis instruction is also considered a Wx_INTEST instruction, just more completely (specifically) defined. This in-
struction can be used as the required Wx_INTEST instruction.

7.3 Wrjapper instruction rules and naming convention

There is|a naming convention for the instructions.

W<Phrallel/Serial/Hybrid> <Mode>_<Configuration> (e.g. WS_INTEST-SCAN)

W : Prefaces all standard IEEE 1500 instructions.

Parallel/Serial/Hybrid: An S denotes a serial mode instruction. A P denotes a parall
nstruction. An H denotes a hybrid instruction in which both the serial and parallel data port
ized. Note that a standard parallel instruction (e.g., WPHEXTEST) must have the WBY

WSI and WSO but remain distinct from a hybrid instruction. An instruction by which any
bther than WBY is configured between WSI and WSO and that also uses the parallel port

fied as a hybrid instruction.

Mode: A shortened description of the instruction mode, such as BYPASS, PRELOAD, etc.

Configuration: A shortened description efthe configuration selected by a particular instruc
nstance, during the serial instructions WS INTEST SCAN and WS INTEST RING
Henotes that internal scan chains ate included in the single scan chain between WSI an|
RING indicates that only the wrapper chain is between the WSI and WSO.

7.3.1 Specifications

Rules
a)
b)
c)
d)
€)
f)
g)

h)
i)
k)

All serial instfuetions (e.g., WS_EXTEST) shall use the WSP solely.
A1l parallel jnstructions (e.g., WP_EXTEST) shall use the WPP solely.

At least one INTEST instruction is required.

bl mode
are uti-
between
register
s classi-

ion. For
SCAN
i WSO.

Facll instruction name in Table 1 shall be used for the standard instruction associated with if.

No user instruction shall utilize the standard instruction names.
When Wx is stated in this standard, the x shall be replaced with P, S, or H.
WS EXTEST instruction is required.

WS BYPASS instruction is required and shall be used during any operation where the wrapper is

disabled.

All standard instructions shall have a unique opcode.

Standard instruction names, such as WP_EXTEST, defined in this standard shall not be reused as
names for instructions with functionality other than the functionality described in this standard. The

standard instruction names are reserved.
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Recommendations

k) User and private instructions should follow the same naming convention as the standard
instructions.

Permissions
1)  User-defined instructions may share opcodes with standard instructions.

m) Standard instruction names may be used as a prefix for other instructions defined by the user, such
as WP_EXTEST_BIST.

7.3.2 Description

Rules 7f3.1(a) and 7.3.1(b) are meant to specify usage of the WSP and WPP for serial and parallel| instruc-
tions. Aflditional instruction-specific description is provided in 7.4 through 7.14.

Where germission 7.3.1(1) is exercised, the corresponding user-defined instruction is expected to be {dentical
or a supgrset of the standard instruction that has the same opcode as this user-defined nstruction.

7.4 W$_BYPASS Instruction

The mgndatory WS BYPASS instruction enables the functienal configuration of the yvrapper.
WS _BYJPASS is selected when no test operation of that core is{equired and allows only the WRY to be
selected] The WBY provides a minimum-length serial path betwéen the wrapper’s WSI and the W$O. This
allows thore rapid movement of test data to and from other core wrappers, provided the wrappers fare con-
nected serially.

7.4.1 Specifications

Rules
a) [Each wrapper shall provide a WS{BYPASS instruction.

b) [The WS BYPASS instruction,shall select the WBY to be connected for serial access betyeen the
WSI and WSO of the wrapper.

c¢) While the WS _BYPASS'instruction is selected, the operation of the wrapper circuitry shalljhave no
effect on the operation of the core circuitry.

d)  While the WStBYPASS instruction is selected, all wrapper boundary cells that can operate [in either
system or,test modes shall perform their system function.

e) [While theeWS BYPASS instruction is selected, the WSC shall be utilized for test control.

Permissjons

f)  The binary code for the WS_BYPASS instruction may be selected by the wrapper designer.
7.4.2 Description

During testing of a particular core or cluster of cores on an SoC, it may be inconvenient to drive data through
the entire length of a WBR. Instead the WBR is replaced by the WBY. This allows data to transfer
through the wrappers of the cores that are not being tested, more directly to and from the wrappers of the
cores that are being tested, provided these wrappers are serially connected. The bypassed cores will have the
ability to continue to run in system mode. The WS_BYPASS instruction could be used for this purpose. This
instruction is the active instruction after wrapper reset (WRSTN) is asserted. Figure 2 shows an example of
the configuration of the wrapper during the WS BYPASS instruction.
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Wrapper Serial Bypass (WS Bypass) Instruction
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Figure 2—WS_BYPASS example

7.5 W$_EXTEST instruction

The mpgndatory WS _EXTEST instruction allows* testing of off-core circuitry and corg-to-core
interconpections.

NOTE 14+—Wrapper boundary cells that support thesWx_PRELOAD instruction (see 7.9 and 7.10) are presumed to have
data loaded into the WBR using the Wx PRELOAD instruction prior to loading the Wx EXTEST instruction.

NOTE 2{—Following use of the WS_EXTEST instruction, the core circuitry may be in an indeterminate state| that will
persist unptil a system reset is applied. Theréfore, the core circuitry may need to be reset on return to normal (i.eJ, nontest)
operatior].

7.5.1 Specifications

Rules
a)  Each wrapper shall provide a WS_EXTEST instruction.

b) While the WS_EXTEST instruction is selected, only the WBR shall be connected for serigl access
between WSI and WSO during the Shift operation (i.e., no other test data register may be cqnnected
T Series with the WBRJ.

c¢) While the WS _EXTEST instruction is selected, the core circuitry shall be controlled so that it cannot
be damaged as a result of signals received at core input or core clock input terminals.

NOTE—This might be achieved by placing the core circuitry in a reset or hold state while the WS_EXTEST
instruction is selected.

d) While the WS _EXTEST instruction is selected, the state of all signals driven from the WBR wrap-
per functional outputs (WFOs) shall be completely defined by the data held in the WBR cell associ-
ated with that terminal. The data at the output shall be valid with the Apply event and remain stable
until the next WBR event.

3Notes in text, tables, and figures are given for information only and do not contain requirements needed to implement this standard.
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NOTE 1—Where the WBR provides a silent shift path, the data held in the WBR are presumed to have been
loaded by the previous use of an instruction such as WS_PRELOAD.

NOTE 2—Where the WBR comprises shared wrapper boundary cells (i.e., the wrapper boundary cells are
shared between functional and test operation) that do not have a silent shift path, the data held in the WBR exist
as a result of the previous instruction or of entering the WS_EXTEST instruction.

e) While the WS _EXTEST instruction is selected, the state of all signals received at the core input ter-
minals required to be provisioned with wrapper boundary cells per rule 12.1.1(a) shall be loaded into
the WBR during the Capture event.

f)  While the WS_EXTEST instruction is selected, the state of WFO terminals shall not change in
response to the Capture event.

g) While the WS EXTEST instruction is selected, the WBR shall be in OF mode.
h) While the WS _EXTEST instruction is selected, the WSC shall be utilized for test contro].

Recommendations

i)  While the WS_EXTEST instruction is selected, the core should be put into aquiet mode (e|g., reset
br clock off).

7)) While the WS_EXTEST instruction is selected and where output cells that are in the WBR shift path
hre used, the WFOs should be controlled to safe values during shift.

Permissjons

k) A binary code for the WS_EXTEST instruction may be selected by the wrapper designer.
7.5.2 Dpscription

The WS EXTEST instruction allows circuitry externahto the core wrapper [typically the interconnects and
user-deffined logic (UDL)] to be tested. The wrapperiboundary cells at WFOs are used to apply test stimuli,
while thee cells at wrapper input terminals captute-test results. This instruction also allows testing df blocks
of UDL |between cores that do not themselves incorporate wrappers.

While the WS_EXTEST instruction_is:selected, the core circuitry may receive input signals that differ sig-
nificantly from those expected during.normal operation. If the core circuitry can tolerate any permufation of
input signals that is received, then no specific design changes are required. However, for some corps, there
may be nput sequences thatcould place the core circuitry in a state where damage may result or ekcessive
current jnay be drawn. In these cases, it is the responsibility of the wrapper designer to prevent the fore cir-
cuitry ffom processing ‘the “illegal” inputs while the WS EXTEST instruction is selected. This|may be
achieved by placing the core circuitry into a reset or hold state during WS _EXTEST or by controfling the
WFOs tp the core.

The wrapper input terminals provisioned with wrapper boundary cells per rule 12.1.1(a) may optlonally be
deSIgn\, Lt ollossr cagmale t0 o der o ot tho oo ez auhan tha ‘UC‘ EV’T‘EC"T‘ nnnnn 41 vleCted

Tt oo v STy tO— OOy O Hto—tho-coTre vuvunu] \AZ a2 amos > HRstraetonis

This allows user-defined values to be established at the core input termmals preventing undesired operation
of the core in response to unknown signals arriving at core inputs during operation of the WS _EXTEST
instruction. The values driven may either be constant for the duration that WS_EXTEST is selected (i.e., by
using signal blocking gates at the core input terminals) or be loaded serially through the WBR. Figure 3
shows an example of the configuration of the wrapper during the WS _EXTEST instruction.
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Wrapper Serial Extest (WS _Extest) Mode

Test is applied
via WSC Controlled
WBR Scan Path Disabled
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W = [0

wsc | WS _Extest

Figure 3—WS_EXTEST example

7.6 WP_EXTEST instruction

The WH EXTEST instruction allows testing of off-cere“circuitry and core-to-core interconnecti¢ns. The
WP_EXITEST instruction allows the WBR to be divided into segments (multiple scan chains). It alsp allows
wrappet|inputs and wrapper outputs, other than the>WSP, to control WBR inputs and observe WBR [outputs.
In all other behaviors, WP_EXTEST mimics the\WS EXTEST instruction.

NOTE 1{—Wrapper boundary cells that suppert “preload” are presumed to have data loaded into the WBR psing the
WS PRHLOAD or WP_PRELOAD instructien prior to loading the WP_EXTEST instruction.

NOTE 2{—Following use of the WP_EXTEST instruction, the core circuitry may be in an indeterminate state| that will
persist unptil a system reset is applied\Therefore, the core circuitry may need to be reset on return to normal (i.eJ nontest)
operatior].

7.6.1 Specifications

Rules

a) [While the WP_EXTEST instruction is selected, only the WBR shall be selected between WPI and

WPRO during the Shift operation (i.e., no other test data register may be connected in series [with the

WBR):

b)  While the WP_EXTEST instruction is selected, the core circuitry shall be controlled so that it cannot
be damaged as a result of signals received at core input or core clock input terminals.

NOTE—This might be achieved by placing the core circuitry in a reset or hold state while the WP_EXTEST
instruction is selected.

c)  While the WP_EXTEST instruction is selected, the state of all signals received at the wrapper input
terminals required to be provisioned with wrapper boundary cells per rule 12.1.1(a) shall be loaded
into the WBR during the Capture event.

d) While the WP_EXTEST instruction is selected, the state of all signals driven from the WBR WFOs
shall be completely defined by the data held in the WBR cell associated with that terminal. The data
at the output shall be valid with the Apply event and remain stable until the next WBR event.
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NOTE 1—Where the WBR provides a silent shift path, the data held in the WBR are presumed to have been
loaded by the previous use of an instruction such as WS_PRELOAD.

NOTE 2—Where the WBR comprises shared wrapper boundary cells (i.e., the wrapper boundary cells are
shared between functional and test operation) that do not have a silent shift path, the data held in the WBR must
exist as a result of either the previous instruction or of entering the WP_EXTEST instruction.

e) While the WP_EXTEST instruction is selected, the WBR shall be in OF mode.

f)  While the WP_EXTEST instruction is selected, the state of WFO terminals shall not change in
response to the Capture event.

Recommendations

g) While the WP_EXTEST instruction is selected, the core should be put into a quiet mode (e.g., reset
br clock off).

h)  While the WP_EXTEST instruction is selected, where output cells that are in the WBR-shift|path are
psed, the WFOs should be controlled to safe values during shift.

Permiss|ons

i)  [The WBR may be segmented into one or more scan chains with the input afid output port ofthe scan
Chains interfaced to the TAM.

1) While the WP_EXTEST instruction is selected, the ShiftWR,“\CaptureWR, UpdateWR, and
TransferDR terminals may be used.

k) [The binary code for the WP_EXTEST instruction may be s€l¢eted by the wrapper designer.

7.6.2 Dpscription

The optjonal WP_EXTEST instruction allows circuitryexternal to the core wrapper (typically the intercon-
nects and glue logic) to be tested. Wrapper boundary:cells at WFOs are used to apply test stimuli, while the
cells at rapper input terminals capture test results."This instruction also allows testing of blocks [of UDL
between cores that do not themselves incorporate wrappers.

While the WP_EXTEST instruction is s¢lected, the core circuitry may receive input signals that differ sig-
nificantly from those expected during normal operation. If the core circuitry can tolerate any permufation of
input signals that is received, then no“specific design changes are required. However, for some corgs, there
may be fnput sequences that could place the core circuitry in a state where damage may result or ekcessive
current ay be drawn. In thése)cases, it is the responsibility of the designer to prevent the core circuitry from
processing the “illegal” inputs while the WP_EXTEST instruction is selected. This may be achieved by
placing the core circuitryinto a reset or hold state during WP_EXTEST or by controlling the cell fynctional
outputs [CFOs) connécted to the core.

ShiftWR, CaptuteWR, UpdateWR, and TransferDR terminals are defined in 8.1.2.

The wrapper fiput lerminats provisioned willt Wrapper boundary ceifs per ruie 12-1-1(ay may optionally be
designed to allow signals to be driven into the core circuitry when the WP_EXTEST instruction is selected.
This allows user-defined values to be established at the core input terminals, preventing undesired operation
of the core in response to unknown signals arriving at core inputs during operation of the WP_EXTEST
instruction. The values driven may either be constant for the duration that WP_EXTEST is selected (e.g., by
using signal blocking gates at the core input terminals) or be loaded serially through the WBR. Figure 4
shows an example of the configuration of the wrapper during the WP_EXTEST instruction. Note that both
the WPC and the WSC control pins are shown in the figure; however, either the WPC or the WSC can be
used during the WP_EXTEST instruction, not a combination of both. This is the only parallel standard
instruction that can utilize the WSC.
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7.7 WX_EXTEST instruction

Wx_EXITEST is an external test instruction that:alléws the circuitry external to the core to be tested
ing to the system integrator’s requirements., The x in Wx is a place holder for an S, P, or H to
whether|the instruction is serial, parallel, or hybrid, respectively.

The Wy EXTEST instruction encompasses the WS EXTEST and the WP_EXTEST instructio|
instruction provides the same flexibility as the Wx_INTEST instruction. The difference between

instructijons is that Wx INTEST s an IF test and Wx EXTEST is an OF test.

NOTE—{Following use of the Wx_ EXTEST instruction, the core circuitry may be in an indeterminate state thaf

sist until

operatior].

The rulgs in 7.7.1 apply where a Wx_ EXTEST instruction is provided.

Wrapper Parallel Extest (WP_Extest) Mode

WPC

ﬁ

0y

UDL

L]
Core Gﬁm

EEEIR

UDL \];v Disabled
(R |

110
|

W W
L E < Test N g ‘

— Enable(s =
e | [ ]

[ Bypass |
WSI ——>~WSO
WIR
Test is applied via WPC
or WSC Controlled wse WP Extest
WBR Segments .

Figure 4—WP_EXTEST.example

a system resetis\applied. Therefore, the core circuitry may need to be reset on return to normal (i.e.

accord-
indicate

hs. This
the two

will per-
nontest)

7.7.1 Specifications
Rules
a)  While the Wx EXTEST instruction is selected, the WBR shall be in OF mode.
Recommendations
b) While the Wx_EXTEST instruction is selected, the core should be put into a quiet mode (e.g., reset
or clock off).
c) While the Wx EXTEST instruction is selected, the testing of the circuitry external to the core
should not disturb circuitry internal to the core.
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d) While the Wx_EXTEST instruction is selected, for core output terminals provisioned with wrapper
boundary cells per rule 12.1.1(a), the data loaded during the Capture event should be independent of
the operation of core circuitry.

e) WS _EXTEST or WP_EXTEST instructions should be utilized unless the more flexible capabilities
of the Wx_EXTEST instruction are needed.

Permissions

f)  The binary code(s) for the Wx EXTEST instruction may be selected by the wrapper designer.

g) Any number of Wx_EXTEST instructions may be included by the wrapper designer.

7.7.2 Description

The W
instructi
used to
respons

7.8 W$_SAFE instruction

The opt
the WB
(WSO)
is select]
Wx_PR]
instructi
into a sg
integrat
tested.

The ruld

NOTE—]
until a s)

operatior].

7818

Rules

a)

EXTEST instruction allows testing of circuitry external to the core. While the WX H
on is selected, the WBR assumes the role of virtual test points. Cells at core outputterm
apply the test stimulus, while those at core input terminals capture the test resporise. Sti
s are moved into and out of the circuit by shifting through the WBR.

onal WS_SAFE instruction allows the state of the signals drivenfrom WFOs to be determir
R while the WBY is selected as the serial path between theserial input (WSI) and serig
bf the wrapper. The signals driven from the WFOs will not'ehange while the WS _SAFE in

ELOAD instruction to shift in the proper states and’then clamping them with the WS
on. However, it is important to allow a straightfdrward way for the core integrator to put ¥
fe state. This is why there is a separate instruction for WS _SAFE. This instruction allows
r to more easily put various wrappers inte:safe states while other portions of an SoC a

s in 7.8.1 apply where the WS _SAFE instruction is provided.

Following use of the WS_SAFE. instruction, the core circuitry may be in an indeterminate state that w|
stem reset is applied. Therefore, the core circuitry may need to be reset on return to normal (i.e.

pecifications

While-the"'WS SAFE instruction is selected, the WBY shall be connected for serial access
WS anid WSO during wrapper data scan operations.

XTEST
nals are
huli and

ed from
1 output
truction

ed. The WS CLAMP instruction can also be used to put the wrapper into a safe state by ufilizing a

CLAMP
yrappers
the core
Fe being

11 persist
nontest)

between

1L QA

b)

b 94 Bk DDA | Q h s i ‘- i . 1 IS S | o all o h DU B £ heSanray looll
VVIIIIU UIC VYV O O L HISUTUULIUIT IS SUICULIUU, LU Stdliv Ul dIT mguam ULTVUIT TTUILLD VY I"US Sliall

wired to fixed values that have been predetermined at wrapper instantiation.

NOTE—The data output from the WBR shall be safe and established as a result of entering the WS _SAFE
instruction.

e hard-

¢) Whenthe WS_SAFE instruction is selected, the core circuitry shall be controlled so that it cannot be
damaged as a result of signals received at the core data input or core clock input terminals.

d) While the WS_SAFE instruction is selected, the WSC shall be utilized for test control.

Recommendations

e)

While the WS_SAFE instruction is selected, the core circuitry should be put into a quiet mode (e.g.,
reset or clock off).
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Permissions

f)  The binary code for the WS_SAFE instruction may be selected by the wrapper designer.
7.8.2 Description

During testing of a particular core or cluster of cores on a system chip, it may be necessary to place static
values on signals that control operation of circuitry not involved in the test, e.g., to place the core in a state
where it will not respond to signals received from the circuitry under test.

The optional WS_SAFE instruction is similar to the WS_CLAMP instruction in that it allows safe static val-
ues to be applied using the WBRs of the appropriate core wrapper, but does not retain these registers in the
serial pgth-during-test-appheation—in-a-ease-tnwhieh-the-WS—SAFE-nstruetionis-sed fe static
signals, [the following process would be used.

It is pregumed in the following example that every wrapper implements the optional WS _SAFE inslruction.

— Bhift the WS_SAFE instruction into all core wrappers that will provide safe static-signals dyring the
ipcoming test. Call this group of wrappers G. If test setup data are required,in wrappers hot in G
i.e., in the wrappers that will participate actively in the upcoming test),“another instructipn (e.g.,
WS EXTEST) may be loaded into these core wrappers simultaneeusly with the logding of
WS SAFE into core group G.

—  From this point on, until the test is concluded, every time instructions are to be scanned ipto core
wrappers in the SoC, enter the WS_SAFE instruction inito“the wrappers in G. As long as the
WS SAFE instruction is maintained as the active instruétion in the wrappers of G, the outppit signal
alues of these wrappers will be determined by the safe.data at their WBR outputs. Also, as jp conse-
uence of the use of the WS_SAFE instruction, the. Wwrappers in G all have their WBYSs [selected
hroughout the test; thus, they contribute very littleto the overall test time. Figure 5 shows gn exam-

ble of the configuration of the wrapper during the WS SAFE instruction.

Wrapper Serial*Safe (WS _Safe) Instruction

Inputs may also
be controlledito

safe states .
Disabled
L lw FI FO - Forced

Forced B Core B Safe States

R FO FI R

Safe States <ﬁ ]
amil Test g
Enable(s)
o £

[ Bypass |

WS Safe does not wsc | WS_Safe
require WS/P_Preload

Figure 5—WS_SAFE example

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



https://iecnorm.com/api/?name=77732923da1806ed0cdade78a9474c1c

~32- IEC 62528:2007(E)
IEEE 1500-2005(E)

7.9 WS_PRELOAD instruction

The WS _PRELOAD instruction enables the wrapper to be functionally configured. Wrappers that have a
WBR composed entirely of cells with a silent shift path must include the WS PRELOAD instruction. The
WS PRELOAD instruction allows data values to be loaded into the latched parallel outputs of the registers
in the silent shift path of the WBR. The data are loaded into the silent shift path of wrapper cells, and then
the data are loaded into the update stage, if present, during the Update operation. This instruction would typ-
ically be utilized before other instructions are selected (e.g., WS _EXTEST, WS CLAMP).

7.9.1 Specifications

Rules
a) [fthe WBR contains a silent shift path, there shall be a WS _PRELOAD instruction.

b) While the WS PRELOAD instruction is selected, only the WBR shall be connected fer)serigl access
between WSI and WSO during the Shift operation (i.e., no other test data registepynay be cdnnected
n series with the WBR).

c) While the WS PRELOAD instruction is selected, the Shift operation of ‘the"WBR shall fhave no
effect on the operation of the core or UDL.

d) [While the WS _PRELOAD instruction is selected, the WSC shall be‘tilized for test control

Recommendations

e) While the WS PRELOAD instruction is selected, if the cdre is not being used in its normgl opera-
ion, the core circuitry should be put into a quiet mode(e'g., reset or clock off).

Permissjons

f)  [Che binary code for the WS PRELOAD instruction may be selected by the wrapper design

=

7.9.2 Dpscription

The WY PRELOAD instruction is used.to allow shifting of the WBR, via WSI to WSO, without|causing
interfergnce to the operation of the core o UDL attached to the WBR. WS PRELOAD allows an in{tial data
pattern fo be placed at the latched parallel outputs of the silent shift path register cells through a sgan load
operatiopn. For example, prior to selection of the WS EXTEST instruction, data can be loaded pnto the
latched parallel outputs using'WS PRELOAD. As soon as the WS _EXTEST instruction has beg¢n trans-
ferred tq the update register of the instruction register, the preloaded data are driven from the WFs. This
ensures [that known data_afe driven immediately when the WS _EXTEST instruction is entered. [Without
WS PRELOAD, indeferminate data may be driven until the first scan load is complete. Figure 6 shows an
examplq of the configuration of the wrapper during the WS _PRELOAD instruction.

7.10 WR<PRELOAD instruction

The WP_PRELOAD instruction enables the wrapper to be functionally configured. Wrappers that have a
WBR composed entirely of cells with a silent shift path and have parallel instruction capability, may include
the WP_PRELOAD instruction. The WP_PRELOAD instruction allows data values to be loaded into the
latched parallel outputs of the registers in the silent shift path(s) of the WBR. The data are loaded into the
silent shift paths of wrapper cells, and then the data are loaded into the update stage, if present, during the
Update operation. This instruction would typically be utilized before other defined instructions are selected
(e.g., WP_EXTEST). The WP_PRELOAD instruction allows the WBR to be divided into segments (multi-
ple scan chains), and may be preferred over the WS PRELOAD instruction before entering the
WP_EXTEST instruction. It also allows wrapper inputs and outputs, other than the WSP, to control WBR
inputs and observe WBR outputs. In all other behaviors, WP_PRELOAD mimics the WS PRELOAD
instruction.
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Wrapper Serial Preload (WS _Preload) Instruction

Enabled

he Shift
shall be

have no

1 opera-

the scan

Normal Mode w[(> FI FO w[:> Normal Mode
B Core B
Normal Mode <] R FO FI <] R Normal Mode
Test
Enable(s)
f
_Bypass
—| WSO
W8I WIR -
wsc | WS_Preload
Figure 6—WS_PRELOAD example
7.10.1 $pecifications
Rules
a)  While the WP_PRELOAD instruction is selected, only the WBR shall be connected during
bperation (i.e., no other test data register may be connected in series with the WBR).
b) While the WP_PRELOAD instruction is selected, the data in the wrapper boundary cell
hvailable for the Update operation, ifiapplicable.
c¢) [While the WS PRELOAD instriction is selected, the Shift operation of the WBR shall
effect on the operation of the core or UDL.
d) [While the WP_PRELQAD instruction is selected, the WPC shall be utilized for test control
Recommendations
e) While the WPSPRELOAD instruction is selected, if the core is not being used in its norma
ion, the ¢orecircuitry should be put into a quiet mode (e.g., reset or clock off).
Permissjons
f) [he WRR may he segmented into one or maore scan chains with the input and output port of]
chains interfaced to the TAM.
g) The binary code for the WP_PRELOAD instruction may be selected by the wrapper designer.

7.10.2 Description

The WP_PRELOAD instruction is used to allow shifting of the WBR without causing interference to the
operation of the core or UDL attached to the WBR. WP_PRELOAD allows an initial data pattern to be
placed at the latched parallel outputs of the silent shift path register cells through a scan load operation. For
example, prior to selection of the WP_EXTEST instruction, data can be loaded onto the latched parallel out-
puts using WP_PRELOAD. As soon as the WP_EXTEST instruction has been transferred to the parallel
output of the instruction register, the preloaded data are driven from the output wrapper terminals. This
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ensures that known data are driven immediately when the WP_EXTEST instruction is entered. Without
WP_PRELOAD, indeterminate data may be driven until the first scan load is complete. Figure 7 shows an
example of the configuration of the wrapper during the WP_PRELOAD instruction.

Wrapper Parallel Preload (WP_Preload) Instruction

WPC

Wl

w
h - 1N A 1 I b ma o hmray h s 1N\ A 1
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i bled
Enable e

= o =

Core i
W
Normal Mode B FO 1. H B Normal Mode
R
Enable S D(
> (s) N 5

|
T

[0 WPP Paths ok O Preload

Figure 7—WP_PRELOAD example

7.11 WS_CLAMP instruction

The opt
from th

onal WS CLAMP instruction’aHows the state of the signals driven from WFOs to be det
t WBR while the WBY is selected as the serial path between WSI and WSO. The signal

from thg WFOs will not change'while the WS CLAMP instruction is selected.

The rulds in 7.11.1 apply where the WS_CLAMP instruction is provided.

NOTE—Following(use*of the WS_CLAMP instruction, the core circuitry may be in an indeterminate state thaf

sist until

operatior].

7111

Rules

a system-teset is applied. Therefore, the core circuitry may need to be reset on return to normal (i.e.

ermined
S driven

will per-
nontest)

Specifications

a) While the WS _CLAMP instruction is selected, the WBY shall be connected for seria
between WSI and WSO.

1 access

b) While the WS_CLAMP instruction is selected, the state of all signals driven from WFOs shall be

completely defined by the data held in the WBR.

NOTE—Data held in the WBR might be achieved by the previous use of an instruction (e.g., WS_PRELOAD).

¢)  While the WS_CLAMP instruction is selected, the WSC shall be utilized for test control.
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Recommendations

d) While the WS _CLAMP instruction is selected, the core circuitry should be put into a quiet mode
(e.g., reset or clock off).

Permissions

e) The binary code for the WS CLAMP instruction may be selected by the wrapper designer.
7.11.2 Description
During testing of a particular core or cluster of cores on a system chip, it may be necessary to place static

values on signals that control operation of circuitry not involved in the test, e.g., to place the aforementioned
circuitryf in a state where it cannot respond to signals received from the circuliry under test.

The optjonal WS_CLAMP instruction allows static values to be applied using the WBRs ofithe appropriate
core wrgpper, but does not retain these registers in the serial path during test applicationCln.d case {n which
the WS |CLAMP instruction is used to create static values, the following processes would be used.

It is prpsumed in the following example that every wrapper implements~the’ optional WS CLAMP
instruction.

Example: WBRs having dedicated wrapper boundary cells

—  Prior to the test, a Wx EXTEST or Wx PRELOAD (the x(denotes S, P, or H) instruction would be
oaded into all core wrappers that will provide specific*values during the upcoming test. {Call this
broup of wrappers G. If test setup data are required inWwrappers not in G (i.e., in the wrappers that
will participate actively in the upcoming test), a Wx* EXTEST or Wx_PRELOAD instruction may
be loaded into these core wrappers simultaneously with the loading of WS_CLAMP into cofe group
.

—  Bhift the desired pattern into all relevant wedpper boundary cells of the wrappers in G. Any t¢st setup
Hata required for the SoC to be tested-are also loaded.

— Load WS_CLAMP instruction into the wrappers in G.

—  From this point on, until the-te€st’is concluded, every time instructions are to be scanned into core
wrappers in the SoC, enter'the WS _CLAMP instruction into the wrappers in G. As long as the
WS CLAMP instructioniis maintained as the active instruction in the wrappers of G, the output sig-
hal values of these wrappers will be determined by the data in their WBRs. Also, as a congequence
pf the use of the WS) CLAMP instruction, the wrappers in G all have their WBY's selected through-
but the test; thus,‘they contribute very little to the overall test time.

Figure § shows an-example of the configuration of the wrapper during the WS _CLAMP instructipn. This
instructijon would be loaded serially into the core wrappers that drive the signals on which static v3lues are
required. Thie-required signal values could be loaded as a part of the complete serial data stream shifted into
the Chip-icvcl WBR padl, bothratthestartof thetestamdeach tmea ewtest patter TsemteredHo cver, a
limitation of this approach is that the length of the data pattern to be shifted for each test is increased by
inclusion of the WBR of each core wrapper involved in the process. As a result, the test application rate is
reduced. WS_CLAMP reduces overall shift length when the target wrapper does not take an active part in
the test.

Note that this is just one example of how to clamp a signal. Instructions such as Wx PRELOAD or
Wx_EXTEST can be used to load specific values into the wrapper before WS _CLAMP is enabled.
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Wrapper Serial Clamp (WS _Clamp) Instruction

Inputs may also
be controlled to
reloaded states .
P Disabled
[ w[ > FI FO w[> Preloaded States
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Enable(s)
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WS Clamp is preceded wsc | WS_Clamp

by WS/P_Preload

Figure 8—WS_CLAMP exaniple

7.12 WS_INTEST_RING instruction

The optjonal serial wrapper core test WS _INTEST RING instruction allows testing of the core dircuitry.
During the WS _INTEST RING instruction, test stimuli are shifted in 1 bit at a time and applied to|the core
functionjal terminals via the WBR only. The test\results are captured into the WBR and are shifted put 1 bit
at a tim¢ for examination. The rules in 7.12,l¢apply where the WS _INTEST RING instruction is prpvided.

NOTE—Following the use of the WS _INFEST RING instruction, the core circuitry may be in an indetermipate state
that will |persist until a core reset is applied. Therefore, the core circuitry may need to be reset on return tp normal
operatior].

7.12.1 $pecifications

Rules

a) [FThe WS (INTEST RING instruction shall select only the WBR to be connected for seridl access
between, WSI and WSO (i.e., no other test data register may be connected in series with the[WBR).

b) MWhilethe WS INTEST RING instruction is selected, the WBR shall be in IF mode.
c) hile the WS_INTEST_RING instruction is selected, the WSC shall be utilized Tor test control.

Recommendations
d) While the WS INTEST RING instruction is selected, all WFOs should be placed in a safe or static
drive state.
e) While the WS INTEST RING instruction is selected, for core input terminals provisioned with
wrapper boundary cells per rule 12.1.1(a), the data loaded during the Capture event should be inde-
pendent of the operation of off-core circuitry or chip-level interconnections.

Permissions
f)  The binary code for the WS_INTEST RING instruction may be selected by the wrapper designer.
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7.12.2 Description

The WS_INTEST_ RING instruction allows single-step testing of core circuitry with each test pattern and
response being shifted through the WBR. The WS _INTEST RING instruction requires that the core cir-
cuitry can be operated in a single-step mode, where the circuitry moves one step forward in its operation
each time shifting of the WBR is completed.

While the WS INTEST RING instruction is selected, the WBR assumes the role of virtual test points. Cells
at nonclock core input terminals are used to apply the test stimulus, while those at core output terminals cap-
ture the response. Stimuli and responses are moved into and out of the circuit by shifting through the WBR.
Note that this requires that the core input terminals provisioned with wrapper boundary cells per rule
12.1.1(ayare ablc to drive signals into the core CiTCultry.

Typically, the core circuitry will receive a sequence of clock events between application ofithe-stimphlus and
capture |of the response so that single-step operation is achieved. The specification oftwrapper boundary
cells for core clock input terminals allows the clocks for the core circuitry to be obfainéd in sevefal ways
while the WS INTEST RING instruction is selected. The following are offered as.examples:

a) [Fhe signals received at core clock terminals can be fed directly to the.coré circuitry as during normal
bperation of the core. Where this option is selected, the core designvshall guarantee that grecisely
bne single step of operation of the core circuitry occurs betweenach shifting (filling) of th¢ WBR.

b) [ircuitry may be built into the core that allows the core cifcuitry to complete one step of operation
bn completion of shifting in data into the WBR. If the core were a microprocessor, it would be per-
mitted to complete a single processing cycle by, for example, internal generation of a pulse on the
hold signal. In this case, the clock(s) applied at the eore clock terminal(s) during the test ¢ould be
free-running.

While the WS _INTEST RING instruction is selected, the state of all WFOs is determined by the wrapper
circuitry|. Every WFO should be forced to a static or inactive drive state. This ensures that surroungling cir-
cuitry of an SoC is supplied known, safe signal levels while the core circuitry test is in progress.

Recommendation 7.12.1(¢), where ‘followed, ensures that data shifted out of the core in responde to the
WS INTEST RING instruction\are not altered by the presence of defects in off-core circuitry, chip-level
interconnections, etc. This simplifies diagnosis, since any errors in the output bit stream can be cauped only
by defeqts in the core circiitry or in the WBR. Figure 9 shows an example of the configuration of the wrap-
per duripg the WS _INTEST RING instruction.

7.13 WS_INTEST_SCAN instruction

The Opt Ullul ol ;ul vUIv t\/Dt ‘V‘V’S I}JTEST SC[AX}J ;llotl H\/t;\lll I.D VIV Uf th\/ ;JJDtl uut;uuo d\lf;llbd b)‘ t iS Stan_
dard that allows testing of the core circuitry. During the WS_INTEST SCAN instruction, test stimuli are
shifted in 1 bit at a time and applied to the core functional terminals via the WBR only. This instruction is
identical to the WS _INTEST RING instruction, with the exception of internal scan chain concatenation to
the WBR scan chain, referred to in this standard as the serial scan chain. The test results are captured into the

serial scan chain and are examined by subsequent shifting.

The rules in 7.13.1 apply where the WS _INTEST SCAN instruction is provided.

NOTE—Following the use of the WS _INTEST SCAN instruction, the core circuitry may be in an indeterminate state
that will persist until a core reset is applied. Therefore, the core circuitry may need to be reset on return to normal
operation.
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Wrapper Serial Intest Ring (WS _Intest Ring) Mode

Test is applied
via WSC Controlled
WBR Scan Path Core
/\/\/
wl_ M FI FO j> W
B
R ¢ FO FI R
/\/\/
Test
Enable(s)
%
wei SN
wsc | WS _Intest. Ring
Figure 9—WS_INTEST_RING example
7.13.1 $pecifications
Rules

a) [While the WS _INTEST_SCAN instruction is selected, the WBR concatenated with an intefnal scan
thain, which includes all internal scan cells;*shall be connected for serial access between WSI and
WSO.

b) While the WS INTEST SCAN instruction is selected, the WBR shall be in IF mode.

c) While the WS INTEST SCANnstruction is selected, the WSC shall be utilized for test coptrol.

Recomrhendations

d) While the WS _INTEST" SCAN instruction is selected, all WFOs should be placed in a safefor static
rive state.

e) [While the WSTINTEST SCAN instruction is selected, for core input terminals provisioged with
wrapper boundary cells per rule 12.1.1(a), the data loaded during the Capture event should |be inde-
bendent-of the operation of off-core circuitry or chip-level interconnections.

f)  [Thé serial scan chain should comprise the WBR and every scanned element in the core.

Permissions

g) The binary code for the WS INTEST SCAN instruction may be selected by the wrapper designer.

7.13.2 Description

The WS_INTEST_ SCAN instruction allows single-step testing of core circuitry with each test pattern and
response being shifted through the serial scan chain.

While the WS INTEST SCAN instruction is selected, the serial scan chain assumes the role of virtual test
points. Cells at nonclock core input terminals are used to apply the test stimulus, while those at core output
terminals capture the response. Stimuli and responses are moved into and out of the circuit by shifting the
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serial scan chain. This operation requires that the core input terminals provisioned with wrapper boundary
cells per rule 12.1.1(a) are able to drive signals into the core circuitry.

Typically, the core circuitry will receive a sequence of clock events between application of the stimulus and
capture of the response so that single-step operation is achieved. The specification of wrapper boundary
cells for core clock input terminals allows the clocks for the core circuitry to be obtained in several ways
while the WS _INTEST SCAN instruction is selected. The following are offered as examples:

a) The signals received at core clock terminals can be fed directly to the core circuitry as during normal
operation of the core. Where this option is selected, the core design shall guarantee that precisely
one single step of operation of the core circuitry occurs between each shifting (filling) of the serial
scan chain.

b) [ircuitry may be built into the core that allows the core circuitry to complete one step of operation
bn completion of shifting in data into the serial scan chain. If the core were a miergprodessor, it
would be permitted to complete a single processing cycle by, for example, internal generafion of a
pulse on a hold signal. In this case, the clock(s) applied at the core clock terminal(s) during the test
could be free-running.

While the WS INTEST SCAN instruction is selected, the state of all WFOs is determined by the wrapper
circuitry. Every WFO should be forced to a static or inactive drive state. This/ensures that surroungling cir-
cuitry op an SoC is supplied known, safe signal levels while the core cireuitry test is in progress.

Recommendation 7.13.1(¢), where followed, ensures that datasshifted out of the core in responde to the
WS _INTEST SCAN instruction are not altered by the presence of defects in off-core circuitry, chip-level
interconpnections, etc. This simplifies diagnosis, since any etors in the output bit stream can be cauped only
by defedts in the core circuitry or in the WBR. Figure 10 _shiows an example of the configuration of the wrap-
per duripg the WS _INTEST SCAN instruction.

Wrapper Serial Intest Scan (WS _Intest Scan) Mode

Test is applied
via WSC Controlled
WBR & Interfial
Scan Path Core
/‘\/\—/
Wl >l FI FO j> W
B B
R ¢ FO FI R
/"\/—\/
= Test T
Enable(s)
. i
[ Bypass |
WSI L WIR ’

wsc | WS Intest Scan

Figure 10—WS_INTEST_SCAN example
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7.14 Wx_INTEST instruction

One core test instruction that allows the core to be tested according to a test procedure specified by the core
provider or core user is required. [EEE Std 1500 does not describe how to test individual cores; this is the
responsibility of the core provider. The core test invoked by the Wx INTEST instruction (the x in Wx is a
place holder for an S, P, or H to indicate whether the instruction is serial, parallel, or hybrid) is completely
specified with the CTL provided for the core. The Wx_INTEST CTL describes the attributes of the core test
such as the following:

a)  Number of cell test input (CTI) and cell test output (CTO) terminals,

b)  Test pattern set, including control and/or data, that is applied to the core via associated TI and TO
terminals,

c) Protocol used to input and output the test patterns,

d) [Condition or state of core input and output terminals during the core test, excludingthe-TI|and TO
erminals, and

e) [Whether the WBR is used during the core test, and if used, in what configuratién it is placed.

The WK _INTEST instruction encompasses the WS INTEST RING and the WS INTEST SCAN
instruction.

The rulgs in 7.14.1 apply for the Wx INTEST instruction.
7.14.1 $pecifications

Rules
a)  Each wrapper shall provide at least one Wx_INFEST instruction.
b) While the Wx INTEST instruction is selected, the WBR shall be in IF mode.

Recommendations

c) While the Wx INTEST instruction 15 selected, the operation of the core should not disturb fircuitry
external to the core.

d) [While the Wx INTEST instruction is selected, all WFOs should be placed in a safe or stafic drive
State.

e) [While the Wx INTEST instruction is selected, for core input terminals provisioned with wrapper
boundary cells perrule 12.1.1(a), the data loaded during the Capture event should be independent of
he operation ofoff-core circuitry or chip-level interconnections.

Permiss|ons

f)  [Fhe WBR may be segmented into one or more scan chains with the input and output port ofthe scan
Chairs interfaced to the TAM.

g) The binary code for the Wx_INTEST instruction may be selected by the wrapper designer.

h)  Any number of Wx INTEST instructions (Wx_INTEST user defined)) may be included by the
wrapper designer.

7.14.2 Description
The Wx_INTEST instruction allows testing of core circuitry.
While the Wx_INTEST instruction is selected, the WBR may participate and assume the role of virtual test

points. Cells at nonclock core input terminals are used to apply the test stimulus, while those at core output
terminals capture the response. Stimuli and responses are moved into and out of the circuit by shifting the
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WBR. Note that this requires that the core input terminals provisioned with wrapper boundary cells
12.1.1(a) are able to drive signals into the core circuitry.

per rule

Typically, the core circuitry will receive a sequence of one or more clock events between application of the
stimulus and capture of the response. The specification of wrapper boundary cells for core clock input termi-
nals allows the clocks for the core circuitry to be received in several ways while the Wx _INTEST instruction

is selected. The following are offered as examples:

a)

operation of the core.

—~

b)

hold signal. In this case, the clock(s) applied at the core clock terminal(s) during-the test
free-running.

While th
Every W
SoC are

e Wx_INTEST instruction is selected, the state of all WFOs is determinedby the wrapper
'FO should be forced to a static or inactive drive state. This ensureshatsurrounding circui
supplied known, safe signal levels while the core circuitry test isin progress.

Recomn
Wx_IN]
nections
defects

nendation 7.14.1(e), where followed, ensures that data shifted out of the core in respons
'EST instruction are not altered by the presence of defects in off-core circuitry, chip-level i
, etc. This simplifies diagnosis, since any errors imthe output bit stream can be caused
n the core circuitry or in the WBR.

8. Wrapper serial port (WSP)

The WS
implem
access t

P is a set of wrapper terminals.that facilitate standard plug-and-play (PnP) operation of a

the WIR, the WBY, and the WBR.

The WSP includes the follewing mandatory terminals: WSI, WSO, and a set of WSC terminals. T
comprisps the wrapper.elock (WRCK), wrapper reset (WRSTN), SelectWIR, CaptureWR, Shift\
UpdateWR terminals. If required for operation of the WBR, the optional TransferDR terminal
includeq in thesWSC. Some WBR implementations may also operate using one or more optional :
clock (AUXCEK) inputs, which are depicted as the AUXCKn terminal(s) in Figure 11. The AUXCK

The signals received at core clock terminals can be fed directly to the core circuitry as during normal

ould be

ircuitry.
on an

e to the
ntercon-
only by

ore that

nts the IEEE 1500 architecture. IEEE Std 1500 defines mandatory WSP terminals to contiol serial

he WSC
VR, and
is also
uxiliary
n termi-

nal(s) are included in the WSC. The above standard WSP terminals are described in further detail in

8.1.

AUXCKn
WRCK
WRSTN
TransferDR
UpdateWR
ShiftWR
CaptureWR
SelectWIR
WSI

WSO

WSC
(Wrapper
Serial
Controls)

Core

Wrapper with
WIR, WBY, WBR,
etc.

Figure 11—WSP
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8.1 WSP terminals

This subclause defines the standard WSP terminals of the IEEE 1500 wrapper. Note that only the WSP’s ter-
minals are specified in this subclause, whereas the WSP timing and protocol, as used to operate the standard
features of the IEEE 1500 architecture, are specified and described in subsequent clauses of this standard.

8.1.1 Specifications

Rules

a) The WSP is mandatory and shall include the following mandatory terminals: WSI, WSO, WRCK,
WRSTN, SelectWIR, CaptureWR, ShiftWR, and UpdateWR.

b) Il mandatory WSP terminals, and the optional TransferDR terminal, shall be dedicated [wrapper
erminals (i.e., they shall not be used for any other system function).

¢) [fuser-defined AUXCK(s) are used, per permission (e), the timing relationship betwveen WRCK and
he AUXCK(s) shall be sufficiently specified and documented for use by the SoC integrator.

Permissjons
d) [The WSP may include the TransferDR terminal.

e) [The WSP may include AUXCKn terminal(s) in addition to the(dedicated WRCK for opefation of
fegisters other than the WBY and WIR. Such clocks may, be(shared with other system clgcks and
may be used to operate other core features.

f)  [The user may select a user-defined name for the AUXCK terminal(s).
8.1.2 Dpscription
The mapdatory WSP terminals are WSI, WSO, WRCK, WRSTN, SelectWIR, CaptureWR, ShiftWR, and
UpdateWR. The signals connected to these WSP'terminals are used to select whether the WIR or a[WDR is
connectgd between WSI and WSO and to Select and operate either the WIR or a selected WDR petween
WSI and WSO. The WSP may also include the optional TransferDR and AUXCKn terminals.
The follpwing definitions apply to’the rules specified in 8.1.1.

WSI anfl WSO: These WSP:terminals are used to scan in and scan out wrapper instructions and dafa.

WRCK} The signal/connected to the WRCK terminal is a dedicated clock used to operate IEEE 1500
functiors.

AUXCKn¢ AUXCKn are optional auxiliary clocks (AUXCK) used [per permission 8.1.1(e)] with some
impleméntations-ofthe-WBR—These-may-also-be-shared-with-system-clocks-and-must-have-a-userdpecified
timing relationship to WRCK for operation of the WBR. It is anticipated that more than one AUXCK termi-
nal could exist in an IEEE 1500 wrapper. In such a case, the integer n is used to differentiate these terminals
(e.g., AUXCKI1, AUXCK2). Subclause 16.1 provides further discussion on AUXCKs.

WRSTN: When asserted, WRSTN puts the wrapper into its normal system mode. The signal may be used to
reset other WRs or wrapper circuitry as needed.

SelectWIR: SelectWIR determines what type of WR operation, i.e., instruction or data, is to be performed.
The signal value selects between the WIR and the data registers, e.g., WBY or WBR. While SelectWIR is
asserted to logic 1, the WIR is selected and connected between WSI and WSO. SelectWIR must be de-
asserted to logic 0 in order for any WDR or CDR to be selected and connected between WSI and WSO.
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CaptureWR, ShiftWR, UpdateWR: These terminals control and enable WR operations. When one of
these signals is asserted to logic 1 and the other two signals are deasserted to logic 0, a corresponding Cap-
ture, Shift, or Update operation will be enabled for the selected WR. While the WIR or WBY is selected, the
enabled operation occurs synchronously to WRCK.

TransferDR: TransferDR is required when the WBR includes cells with a transfer capability.

The operation of the WIR, WBY, and WBR using the WSP is described in further detail in Clause 10,
Clause 11, and Clause 12, respectively.

9. WrapperparallelportWppy

In additfon to the mandatory WSP, IEEE Std 1500 supports an optional WPP as depicted in Figure |.

9.1 WPP terminals

WPP teminals are user-defined with the specifications in 9.1.1.
9.1.1 Specifications

Rules

a) [f a user-defined WPP is used per permission (c), the.timing relationships between its copstituent
kignals shall be sufficiently specified and documented-for use by the SoC integrator.

b) |A WPP shall not include the ShiftWR, CaptureWR, UpdateWR, TransferDR, SelectWIR, [WSI, or
WSO terminals.

Permissjons
¢) [Che wrapper designer may define one or more dedicated WPP(s).
d) WA WPP may include the WRCK and AUXCK terminals.

9.1.2 Description

It is pefmitted to have a\parallel access mechanism for increased data bandwidth to the wrapppd core.
Figure 1), Figure 17, and\Figure 20 show the WPP and its usage. A WPP port is distinct from the WSP, but
may share the WRCK and AUXCKs with the WSP.

10. Wrapper instruction register (WIR)

This clause specifies and describes the WIR. The WIR is an instruction register in which IEEE 1500 wrap-
per instructions are serially loaded through the standard WSP. The WIR also comprises interface circuitry to
other IEEE 1500 components, such as the WBR and WBY, and may also interface to the circuitry of the
core.

10.1 WIR configuration and DR selection

Figure 12 illustrates the WIR within the IEEE 1500 architecture. This figure shows how the standard data
registers (i.e., WBR and WBY) and other optional data registers (i.e., WDRs and CDRs) are configured for
access via the WSP and how they are selected by the WIR. The WIR contains a shift stage, instruction
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decode, and update stage. The WIR interfaces to the WSP, the IEEE 1500 wrapper, and conditionally the

core per permission 10.2.1(h).
SelectWIR
|
{SelectWIR, | WER WIR_WSO WSO
W‘g’;?ﬁ L) Core_Modes
CaptureWR, = WDR_Controls CDRk DR_Select[n:0]
ShiftWR, o CDR_Controls :
UpdateWR} 2 P> DR_Select[n:0] :
< > WBR_Controls_Modes WDR k
—» WBY_Controls DR_WSO
WSI ? » WBY
Figure 12—Example of WIR interface to WBY, WBR, and core
10.1.1 Bpecifications
Rules

a) [Che IEEE 1500 wrapper shall contain a single WIR.

b) [The WIR shift register shall be selected and connected befween WSI and WSO when SeledtWIR is
hsserted to logic 1, regardless of the current wrapper instruction.

c) PBelection of registers other than the WIR (i.e., WBDRs or CDRs) between WSI and WSO [shall be
determined by the current wrapper instruction, and these registers are selected when SeledtWIR is
hsserted to logic 0.

Permissjons

d) Alternate mechanisms for access to\WDRs or CDRs may be enabled by a user-defined wrapper

nstruction.
10.1.2 Description
The WIR is unconditionally‘accessible by the WSP by asserting SelectWIR. SelectWIR always takg¢s prece-

dence i1] selecting the WIRs/so that when it is logic 1, the WIR is connected between WSI and WSP and is

enabled
can alwjys be realized simply by asserting SelectWIR to logic 1, regardless of the current wrapper

tion and|the selected WDR or CDR.

to shift, updafe;-or capture using the WSP. Thus, access to the WIR for loading wrapper insfructions

instruc-

The accgssof any WDR or CDR through the WSP requires that SelectWIR be logic 0. The register gccessed

through WSI and WSO 1s then determined based on the wrapper instruction previously updated 1n t

he WIR.

User-defined wrapper instructions may enable an optional user-defined parallel port. Such a user-defined
parallel interface may encompass an alternative selection mechanism for access to WDRs and/or CDRs. Per-
mission 10.1.1(d) establishes that control of such alternate access mechanisms originates and terminates
exclusively from the WIR.

10.2 WIR design

A block diagram of a WIR design is depicted in Figure 13. The WIR is controlled and clocked by the stan-
dard WSC terminals.
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(Optional) Parallel Capture Data

Serial Shift
Path
ShiftWR —» ; Pl
wsli ={ohiﬁ7n-1 ﬂsmﬂj }—»’smnﬁo} » WIR_WSO
CaptureWR —»| I T T
SelectWIR —» l l l l«— WRSTN
UpdateWR —>| | | Decode & Update | e wrexk
WIR Circuitry l% ls WIR
| | A DR_Select[n:0]
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Figure |
WSC te
operatio
may be
required
Figure 1

Figure 13—WIR circuitry design

gn of the WIR and its associated interface circuitry are shown in Figure 12 and Figure 13.

2 shows an example of the interface signals generated by the WIR circuify; ‘This interface
designed to provide the necessary control signals for standard data register selection and o

Circuitry
peration

pntrol the standard wrapper modes. The WIR circuitry may be optionally extended to gene];lte con-

the selection and operation of other data registers, for the enabling of a WPP, or for any o
hat may be needed.

signals generated by the WIR circuitry are derived from the current wrapper instruction
the signals connected to the WSC terminals. For the standard IEEE 1500 data registers
1d the WBY), signals generated by the WIR circuitry will include controls for connecting t
between the WSI and WSO terminals. For the' WBY, the WIR circuitry must generate conl
operation, e.g., a ShiftWBY shift enable Gignal. For standard serial instructions, the WIR
0 generate control signals for operation-of the WBR and its wrapper modes. For example,
enerate wrapper modes for multipléxing the WBR cells between the test and normal mod

3 shows a block diagram of the WIR circuitry. The WIR is controlled and clocked by the
fminals, as shown imthe figure. Circuitry in the WIR must generate the necessary contro
n from the signals/connected to the standard WSC terminals. For example, a Shift WIR enab)
derived from the.signals connected to the SelectWIR and ShiftWR terminal. The specific
for WIR operation is dependent on the design implementation of the WIR and is not s
3.

€r Core

and the
1.e., the
ne WBR
trols for
Circuitry
he WIR
s of the

standard
s for its
e signal
Circuitry
hown in

As illusfrated’in Figure 13, the WIR circuitry includes an »-bit serial shift stage, logic for (optionallyj

decod-

ing the shift stage contents, and circuitry for updating the wrapper instruction that was loaded into the WIR.
In order to accommodate the mandatory wrapper instructions, the WIR serial shift stage must be at least
2 bits long. The wrapper instruction opcode is serially shifted into the n-bit shift stage and may be encoded,
partially encoded, or unencoded. Thus, logic for decoding the wrapper instruction is optional, depending on
implementation. The update stage latches the wrapper instruction that was loaded into the WIR to ensure
that the current (i.e., previously updated) instruction does not change during subsequent WIR Shift

operatio

ns.

The WIR may optionally include parallel capture inputs, as shown in Figure 13. This permits the WIR to
capture test control information or to capture data that can be used for testing the WIR, or other IEEE 1500
circuitry. Further specification and description of the WIR design are given in 10.2.1 and 10.2.2.

[ Published

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



https://iecnorm.com/api/?name=77732923da1806ed0cdade78a9474c1c

— 46— IEC 62528:2007(E)
IEEE 1500-2005(E)

10.2.1 Specifications

Rules

a) The WIR shall provide signals for selecting the WBR or WBY between WSI and WSO as required
by the wrapper instructions defined in this standard.

b) The WIR shall provide signals to enable and control the operational modes of the WBR, as defined
by this standard.

c) The WIR shall be dedicated IEEE 1500 logic.

d)  The shift path through the WIR shall include at least 2 bits.

e) There shall be no inversion of logic values from WSI to WSO for WIR Shift operations.

f)  [The WIR shall be designed so that data shifted into the WIR shift register do not affect the qurrently
hctive wrapper and core modes until a WIR Update operation occurs.

g) [Where optional parallel inputs are provided to the WIR, the data at the parallel inputs shall be cap-
ured into the WIR shift register upon execution of a WIR Capture operation.

h) Where cores are provided with test mode enable input terminals, these tefininals shall be|directly
tontrolled by the WIR circuitry.

Recommendations

1)  When parallel capture inputs are provided to the WIR, any shift-register stages that are unused for
Capture should be designed to always capture a fixed binary logic value (i.e., either a 0 or a|l) when
h WIR Capture operation occurs. The fixed binary ¢ode” captured may be determined by the
Hesigner.

) Pperation of the WRSTN to reset the wrapper should'load fixed logic values into the WIR shift path.

Permissjons

k) Modes of user-defined WDRs may be enabled and controlled by the current instruction in the WIR.

1)  [Core system operation modes may bé-enabled and controlled by the current instruction in the WIR.

m) Pignals applied to the terminals™of the WSC may be used to directly control and/or clockl WDRs,
CDRs, or core test functions without going through the WIR.

n) [Fhe WIR may capture data values during WIR Capture operations.

0) [Control signals proyided by the WIR may be output to IEEE 1500 wrapper terminals in forder to
facilitate external circuitry that may be required for PnP operation of the WBR or other data
Fegisters.

10.2.2 Description
The WIR-Cifeuitry as shown in Figure 12 and Figure 13 is loaded and updated with a wrapper instrugtion via

the WS

Terminats. Based on the Protocol appliea 10 1hC signals connecied to me wotl LGHIlil’laIS,

he WIR

circuitry generates the necessary control signals for shifting and updating wrapper instructions or the data
register specified by the current wrapper instruction. The WIR circuitry also generates the necessary signals
for controlling any wrapper and core modes associated with the instruction.

Interface signals generated by the WIR circuitry for the standard IEEE 1500 instructions must include con-
trols for the following:

Selection of which data register is to be connected between WSI and WSO. This includes co
select between the WBY and the WBR.

Control signals for the WBY Shift operation and the optional WBY Capture operation.
Control signals for the wrapper modes of the WBR cells.
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The WIR circuitry may optionally generate other control signals, such as signals to configure core test
modes, controls to select and enable CDRs and/or WDRs, or controls to select and enable the optional WPP
and its associated data registers.

Control signals generated by the WIR are static control signals, i.e., signals that change relatively infre-
quently. Depending on the implementation of the WBR or other data registers, WSC signals may interface
directly to the data registers or the core. For example, the WRCK may directly clock the WBR cells. The
state of the control signals output from the WIR circuitry, as shown in Figure 12, is generated based on the
state of the WSC terminals and the currently active wrapper instruction in the WIR.

As an example, consider the standard WS EXTEST instruction. When this instruction is loaded into the
WIR, t BR S accessed-betwe W-STHamd—W mats-ofthe-wrs —amd-the—WBR Cells
are put into their OF wrapper mode. Similarly, when the WS _BYPASS instruction is loaded inthe, VIR, the
WBY islto be accessed between WSI and WSO, and the WBR must be put into a state so that it-allpws nor-
mal opefation of the core. Figure 12 shows a set of control signals called DR_Select[n:0],-as béing gpnerated
by the WIR circuitry. These controls are then connected to the DR WSO multiplexetr) In this exdgmple of
WIR implementation, the DR_Select[n:0] controls are used for selecting the data aegister to be cgnnected
betweenn WSI and WSO. The DR_Select[n:0] signals select among the WBY, the\WBR, and any nymber of
other offtional registers, per the currently active wrapper instruction. The sean_output of the seledted data
register [is then output onto the DR_ WSO output of the multiplexer, and thé&"DR_ WSO multiplexdr output
would tlhen be selected at the wrapper’s WSO multiplexer by the SelectWAR signal. The WIR circuifry must
also genferate signals to control WBY operations, e.g., a Shift WBY signal to enable shifting the WH]Y.

Figure 13 shows optional parallel inputs to the WIR. These inputs may be provided to permit data tq be cap-
tured info the WIR. These capture data may be used for testeontrol, testing of the WIR circuitry, o testing
of other|IEEE 1500 circuitry.

When optional parallel capture inputs are provided to the WIR, it is recommended that any unused capture
inputs b designed to capture fixed binary logie.values. This is intended to prevent the capture of ynknown
data int¢ any unused bits, which may then need to be masked when examining the captured data that were
scanned|out of the WIR. In addition, thedesigner may consider choosing fixed logic values that wijll aid in
testing gnd diagnosis of the WIR logiciand SoC scan path integrity. However, care should be tak¢n in the
values that are captured into the WIRs-and the operation of the WIR, so that unknown or harmful insfructions
are not inadvertently updated in‘the WIR. This can be avoided after a WIR Capture operation, by fifst shift-
ing in a known instruction, prior to performing a WIR Update operation.

10.3 WIR operation

0 wrap-
eration.
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WIR_ Shift ) WIR !deate
WRCK
SelectWIR : : : ' \
ShiftWR /[ : N\
UpdateWR . . ' /_E_\
WIR Shift Register X X X :
WIR Update Register : : : :X

10.3.1 §

Rules

b)

Figure 14—Timing for WIR Shift operation followed by WIR Update operation

Bpecifications

The behavior and operation of the WIR shall be defined by WSP protecol applied to the sig
hected to the WSC terminals, as follows:

1) When a WRSTN occurs, the WIR update register shall®be set to WS BYPASS, and t}
shall be set to normal mode.

D)  When a WIR Shift operation occurs, the WIR shift register shall shift instruction d
WSI to WSO.

B)  When a WIR Update operation occurs, thecwrapper instruction shall be updated from
shift register into the WIR update register, and updated wrapper and core modes shall {

1)  When the optional WIR Capture opetdtion occurs, the WIR shift register shall be loa

parallel capture data.

5)  During all other WSP operations, the WIR shift and update registers shall retain thei
state or instruction.

The WIR and its associated ‘eircuitry shall be clocked and controlled only with the dedicat

Kignals, as defined by this,standard.

A single WSP protoeol (i.e., WRSTN, WIR shift, WIR update, or WIR capture) shall be ap)

Hefined by this standard, to operate the WIR so that only one WIR operation is enabled for t

protocol.

The currént) wrapper modes and core modes shall remain active until either a WRSTN
[Update~oOperation occurs, which shall cause the specified wrapper instruction and modeg

jals con-
e WBR
ita from
he WIR

e set.
led with

current

bd WSC

plied, as
he given

or WIR
to take

e)

f)
2)

h)

effect-and become the currently active instruction and modes.

Modes becoming active.

stretion and

The WIR circuitry shall retain its current state (i.e., shift stage values and currently active modes)
indefinitely while the WRCK signal is stopped (i.e., WRCK held at a fixed logic value of 1 or 0) and

the signal connected to the WRSTN terminal is logic 1.

The WIR circuitry shall retain its current state while there are no active WIR operations in progress.

A WRSTN shall occur when the signal connected to the WRSTN terminal transitions to logic 0 and

shall cause the wrapper modes and core modes to be set to normal system mode.
When the signals connected to the WSC’s SelectWIR and ShiftWR terminals are logic 1

, a WIR

Shift operation shall occur on the next rising edge of WRCK and shall cause instruction data to shift

through the WIR, from WSI to WSO. The shift stage data shall shift 1 bit toward WSO
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rising edge of WRCK of the WIR Shift operation. SelectWIR and ShiftWR shall remain logic 1 dur-
ing the WIR Shift operation.

i)  During a WIR Shift operation, WSI shall be sampled on the rising edge of WRCK and WSO shall
change only on the falling edge of WRCK.

7)) When the signals connected to the WSC’s SelectWIR and UpdateWR terminal are logic 1, a WIR
Update operation shall occur on the next falling edge of WRCK and shall cause the wrapper modes
and core modes, as determined by the wrapper instruction in the WIR serial shift stage, to take
effect.

k)  When the signals connected to the WSC’s SelectWIR and CaptureWR terminals are logic 1, a WIR
Capture operation, if implemented, shall occur on the next rising edge of WRCK and shall cause the
data at the narallel innute afthe WIR to he latched into the serial shift stage of the \WIR

r r (=)
NOTE—For all WIR operations the appropriate WSC terminals must be at valid logic levels prigrto fhe corre-
sponding clock edge of WRCK specified for the operation, and they must meet the setup,and hold timing
kpecifications of the design. Per rule (c), the signals connected to the WSC terminals that are-not’speciffied in the
protocol shall be de-asserted in the given protocol.
Recommendations

1)  WRSTN should not be used to initialize any other system logic withifi the core.

m) When a WIR Capture operation has been performed, a WIR Shift operation should be pdrformed
prior to a WIR Update operation.

NOTE—This will prevent an unintended wrapper instruction (i.e3,'based on the WIR’s capture data) frpm being
ipdated in the WIR. Either a WIR Shift operation shouldalways precede a WIR Update operatign, or the
Hesigner should implement the WIR so that unintended wrapper instructions are not updated in the W]R.
n) [When a WRSTN occurs, the WIR shift register, should be set to WS _BYPASS.
Permissjons
0) [The sequences and number of WIR operations may occur in any order.
10.3.2 Description
Protoco] applied to the WSP terminals controls three mandatory operations of the WIR (i.e., WRSTIN, WIR
Shift, arjd WIR Update) andzan'optional operation (i.e., WIR Capture). For all other data register opgrations,
the WIR is required to retdinjthe wrapper instruction last updated in the WIR. This guarantees that afty wrap-
per modes or core modes-controlled by the instruction will not change until a new wrapper instrfiction is
updated|in the WIR.Eurther, when the WRCK is stopped, the WIR must retain its current state; [thus the
WRCK s not required to be free-running.
The WIR &itcuitry outputs WS BYPASS when the WSC’s WRSTN terminal transitions to logid 0. This
causes themode-ofthecoretobesettonormat SY sten uyulaﬁuu.

A wrapper instruction is loaded into the WIR by asserting the signals connected to the SelectWIR and
ShiftWR terminals to logic 1 and then shifting in the instruction opcode on the WSI terminal with WRCK.
The WSI data will be sampled on the rising edge of WRCK, and the WIR will shift 1 bit of data, towards
WSO, for each rising edge of WRCK. WSO will change on the falling edge of WRCK. Once the proper

number

of wrapper instruction bits has been shifted into the serial shift stage of the WIR, the ShiftWR signal

must be deasserted before the next rising edge of WRCK. Following this, the signal connected to the
UpdateWR terminal is asserted to logic 1, and the WIR will then update on the next falling edge of WRCK.
A timing diagram with a WIR Shift operation, followed by a WIR Update operation, is shown in Figure 14.
This falling-edge behavior was adopted in order to prevent race conditions between shift and update and as
an alternative to additional protocol restrictions. This falling-edge behavior also improves PnP.
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When a wrapper instruction is updated in the WIR, the corresponding data register is enabled to be selected,
and the appropriate wrapper modes and core modes are set. Once the new instructions and modes are active,
deasserting the SelectWIR signal selects operation of the data register specified by the wrapper instruction.

11. Wrapper bypass register (WBY)

This clause specifies and describes the WBY.

11.1 WBY register configuration and selection

Figure ]
WSI an
instructi
be shiftd

11.1.1 §

Rules

a)
b)

¢)

Recomn

d)

Permiss

e)
11.1.2

The WH
may als

2 illustrates how the WBY fits into the IEEE 1500 WR configuration and is connected-bety
1 WSO of the WSP. The WBY is the WDR selected when the WIR contains the WS H
on. Once selected, the WBY is connected between the WSI and WSO terminals of the WSP
d using protocol applied to the signals of the WSC terminals.

Bpecifications

The IEEE 1500 wrapper shall contain a single WBY.

The WBY shall be selected for access between WSI and’WSO when the currently active
nstruction is WS_BYPASS and the signal connected to'the WSC’s SelectWIR terminal is 1

The WBY shall be selected for access between WSI and WSO when the currently active
nstruction is WS _CLAMP or WS SAFE, if\support for those instructions is provide
wrapper.

nendations

The WBY should be selected forrall unused wrapper instruction opcodes or for when a
nstruction does not require aWDR for its operation.

ons

Description

Y is(a mandatory WDR and must always be selected by the WS _BYPASS instruction. T}
beselected by other wrapper instructions and should be considered as the default data regi

The WBY may be selected by wrapper instructions other than the WS _BYPASS instruction.

veen the
YPASS
and can

wrapper
beic 0.

wrapper
| in the

wrapper

e WBY
ter (i.e.,

for unus

€d wrapper mstruction opcodes or 10r when the mstruction does not require a speciric data

egister)

selected between the WSI and WSO terminals of the WSP. This will ensure that there is always a default
WDR connected between the WSI and WSO terminals so that the scan path for the WSP is never undefined.
Once selected, the WBY can be utilized when the signal connected to the WSC’s SelectWIR terminal is
deasserted to logic 0.

11.2 WBY design

A block diagram for the design of the WBY is shown in Figure 15. The WBY is an n-bit serial shift register.
It can optionally capture parallel data into its shift register stage and does not have an update stage. Further
specification and description of the WBY design are given in 11.2.1 and 11.2.2.
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11.2.1 pecifications

Rules

a)
b)
¢)

Recomn
d)

Permiss

e)

11.2.2

The WH
will be

nection
is imple

The WH
controls|

ShiftWBY —»|

Shift n-1 | —--—J» Shift 0 > WBY_WSO

WSI

) 4

WRCK—¥ . .
Serial shift stage

Figure 15—WBY

The circuitry that forms the WBY shall be dedicated IEEE 1500 logic (i.e., the circuitry shalll not be
khared with, or used to perform, system functions).

The WBY shall include at least 1 bit of serial shift data.
There shall be no inversion of logic values between WSI and WSO for'WBY Shift operations.

hendations

The serial shift stage of the WBY should be kept to a minirhal length in order to provide the[shortest
bossible bypass path through the WSI-WSO terminals of the WSP. A 1 bit WBY is the greferred
ength.

ons

Parallel input(s) to the WBY that permit capture of data value(s) during WBY Capture ofjerations
may be provided.

Description

Y provides an n-bit bypass.of the WSP. In most IEEE 1500 wrapper implementations, the WBY
| single bit in length; however, it is permitted to be multiple bits in length in order to facilifate con-
bf the WSP at the systeni chip level (see Clause 15). In the case where more than a single Bit WBY
nented, it is recohmended that the WBY length be kept as short as possible.

Y interfacés/to the WSC terminals and to the controls generated by the WIR circuitry. Pprticular
signals for the WBY circuitry will depend on the actual implementation of the WBY.

1.3 W

BY operation

Operation of the WBY register involves first loading a wrapper instruction to select the WBY and then
applying the proper protocol to the WSC terminals in order to shift the WBY or optionally capture parallel
data into its shift stage. Detailed specifications and description on operation of the WBY are given in 11.3.1
and 11.3.2.

11.3.1 Specifications

Rules

a)  The operation of the WBY shall be defined by protocol applied to the dedicated WSP signals (e.g.,
WRCK, ShiftWR).
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f)

11.3.2

The opgration of the WBY is controlled and clocked with protocols applied/to-the WSP signals. T1

interfac

actual WBY implementation. For example, in the WBY register illustratéd)in Figure 15, a ShiftWBY

input is
WSP. T
will be

12. W

IEEE S{d 1500 mandates a serial interface and-supports a parallel interface for accessing a wrapp

The seri

face is characterized by one or multiple IEEE 1500 wrapper cell chains surrounding a core. Figure 1

the WB
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The WBY shall retain its current shift stage value indefinitely while the WRCK signal is
(i.e., WRCK held at a fixed logic value of 1 or 0).

stopped

The WBY shall retain its current shift stage value while there are no active WBY operations in

progress.

While the WBY is selected and when the signals connected to the WSC’s SelectWIR and ShiftWR
terminals are logic 0 and 1, respectively, a WBY Shift operation shall occur on the next rising edge

of WRCK.

A WBY Shift operation shall cause data to shift through the WBY, from WSI to WSO, and
stage data shall shift 1 bit toward WSO for each rising edge of WRCK.

the shift

During a WBY Shift operation, WSI shall be sampled on the rising edge of WRCK and WSO shall

1 1 1 Lo 1 RSS2 aWatod
L11dllZC Oy OIT UIC 1dllllly CUEC O VY INCUIN.

NOTE—For all WBY operations, the appropriate WSP terminals shall be at valid logic levels priorto
kponding clock edge of WRCK specified for the operation, and they shall meet the setupyand ho
kpecifications of the design.

Description

s to the WIR circuitry, where clock and control inputs to the WBY from the WIR will deper]
penerated by the WIR circuitry and the WBY receives the WRCK and WSI signals directly

he WBY-WSO output of the WBY is then connected to the\DR_ WSO multiplexer in Figur
utput on the DR WSO signal when the WBY is seleoted as the data register.

rapper boundary register (WBR)

bl interface is characterized by a sirigle’chain composed of all WBR cells, whereas the paral

R in an [EEE 1500 serial interface architecture. The WRSTN shown in this figure may optia

he corre-
d timing

ic WBY
d on the
[ control
from the
b 12 and

ed core.
el inter-
6 shows
nally be

.2.1(g2))
T1), and

ided for

ponding

ponding

used to feset the WBR cells to a known state.
The WHR is constructed of WBR cells, each of which (except for those permitted by permission 1
has four] data terminals; cell/ functional input (CFI), cell functional output (CFO), cell test input (C
cell testfoutput (CTO):
Figure 1j6 shows-the following:
a) [Wrapper functional inputs (WFIs) are connected to the CFI terminals of WBR cells proy
Core in}’mf terminals
b) CFO terminals of WBR cells provided for core input terminals are connected to the corres
core input terminals.
c) Core output terminals are connected to the CFI terminals of corresponding WBR cells provided for
those core output terminals.
d) The CFO terminals of cells provided for core output terminals are connected to corres
WEFOs.
[ Published by IEC under licence from IEEE. ©® 2005 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=77732923da1806ed0cdade78a9474c1c

IEC 62528:2007(E) ~ 53—
IEEE 1500-2005(E)

WFI_1 7o L v
1 leJCORE IN1 CORE OUTI PRI cpo B wio |
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CTI CTo
CORE
CTI
CORE OUT2 [mlcrr - WO 2
WFI 2 —{B{CFI CTC(;O JcoRE N2 CFO 3
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CLK CTO
CTI
WRCK __q T
TI A&

Figure 16—Example of WBR in serial.interface configuration
to be accessed fromWSP

WEFI andl WFO are generic names for wrapped core términals that are intended to be connected W

ithin an

SoC to Integrate the wrapped core within the SoC.Itis often the case that identical WBR cells are jused for
wrapping both core input terminals and core output terminals. These WBR cells are connected differently
and may receive different control signals (notyshown). The WBR shift path is formed by connecting WBR
cells CTO to CTI. TI and TO are defined to“be the scan input and scan output terminals of the WBR as a

whole.

In Figure 16 and Figure 17, the¢WEFI k terminals are WFI terminals, while the WFO_k terminals 4
terminals. In the case where-antAUXCK is used to operate the WBR, Figure 40 shows an exampl
relationghip between WRCK and the AUXCK.

In Figuge 17, a parallel interface implementation using two scan chains is depicted. Although th
shows all inputs_placed on one scan chain and all outputs on a second scan chain, the IEEE 1500
interfac¢ is nefilimited to this configuration. In addition, although WRCK is shown in both Figur

re WFO
P timing

s figure
parallel
e 16 and
Jifferent

Figure 1|7,dEEE Std 1500 does not mandate the for clocking the wrapper cells. A

d although the W

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



https://iecnorm.com/api/?name=77732923da1806ed0cdade78a9474c1c

— 54— IEC 62528:2007(E)
IEEE 1500-2005(E)

TO[0] To11]
WFI 1 ) L T
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—®|CH CORE_IN2
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12.1 WBR structure and operation

12.1.1 Ppecifications

Figure 17—Example of WBR in parallel.interface configuration
to be accessed fromy,WPP

Rules
a) [Every core signal terminal(that is digital, except for signals that cause data to be loaded into a
sequential element (e.g., the clock of a flip-flop, the gate of a latch, or the asynchronous sef or reset
bf either a flip-flop oralatch) or dedicated test signal, shall be provisioned with a WBR cell.
b) [’he WBR shall have-at least one configuration in response to the state of the WIR, allowipg serial
heeess to and from all WBR cells between TI and TO.
c¢) Every wrapped terminal shall be uniquely associated with at least one WBR cell, except as
bxemptedunder permission 12.1.1(h).
d) [The WBR must respond to shift, capture, and apply as defined in 12.3.1, except as exempt¢d under
bermission 12.2.1(g).
e) Core terminals that have been provided for the purpose of statically enabling one or more core test
modes shall be provisioned with a WIR control.
Recommendations

f)  Core terminals exempted from wrapper cell insertion per rule 12.1.1(a) should be provided with
direct access from the SoC to their corresponding wrapped core terminals, except where doing so

would conflict with rule 12.1.1(e).

Permissions

g) Any core terminal may be provisioned with a WBR cell, provided doing so does not alter the behav-

ior of standard instructions.

[ Published

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



https://iecnorm.com/api/?name=77732923da1806ed0cdade78a9474c1c

IEC 62528:2007(E) — 55—
IEEE 1500-2005(E)

h) In a case in which a core input terminal is used solely as the source of data for an output terminal, a
single WBR cell may be shared between the input and the output terminals.

i) A core input terminal may be provisioned with more than one WBR cell.
12.1.2 Description

For the IEEE 1500 serial interface, the WBR should have a single, uniform shift path between its TI and TO.
WBR structure rules 12.2.1(a) and 12.2.1(b) support this. A shift path in a WBR cell is composed of one or
more storage elements serially connected between CTI and CTO. Likewise, for the serial mode of the IEEE
1500 wrapper, a shift path is the same storage elements of all the cells in the WBR concatenated into a single
serial path.

In the cfise where core terminals are exempted from wrapper cell insertion, the wrapped core(patt¢rns will
likely pfesume that a direct access is provided from the SoC to these terminals except whete prohipited by
rule 12.]l.1(e) since those terminals are controlled by the WIR. The SoC integrator hasyto take this into
account(for proper operation at the SoC level.

12.2 WBR cell structure and operation

The WHR cell operation relies on the Shift, Capture, Update, Transfer, and Apply events more fully| defined
in12.3.1.

12.2.1 $pecifications

Rules

a) [Every WBR cell shall have at least one .storage element connected between its CTI apd CTO
erminals.

b) Every WBR cell required per rule 12(I11(a) shall have a storage element provisioned for the|purpose
bf servicing the Capture event and/this element shall be the shift path storage element closesf to CTI,
he shift path storage element'closest to CTO, or the optional update storage element, if it e¥ists.

¢) Provided that the update storage element is provisioned for servicing the Capture event, the WBR
cell shall support the Fransfer event.

d) Provided that the(WBR cell’s shift path is composed of more than one storage element, the WBR
bell shall suppott.the Transfer event.

e) Ptorage elemerits in the shift path of a WBR cell shall not respond to the Update event.

Permissjons

) Any’WBR cell may have a storage element provisioned for servicing the Update event

g) For core terminals exempted from being wrapped per rule 12.1.1(a), reduced-functionality WBR
cells may be provisioned. When these cells are provided, they must support the Shift event and at
least one of the following:

1) The Capture event to observe the CFI terminal or the CFO terminal
2) The Apply event to control the CFO terminal

12.2.2 Description

WBR cell structure rules 12.2.1(a) and 12.2.1(b) provide for a minimal implementation consisting of only a
means to select test data or functional data as input to a shared storage element.
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WBR cell structure rule 12.2.1(a) allows for multiple storage elements in the shift path in order to support
test methodologies requiring the application of sequential patterns (e.g., path-delay, transition delay, piece-
wise functional).

Captured data may enter the shift path of a cell at the storage element closest to the CTI or CTO of this cell.
However, in order to prevent captured data from overwriting other test data during sequential tests, captured
data should ultimately move into the shift path of a cell via either the Capture event or Transfer event. WBR
cell structure rules 12.2.1(c) and 12.2.1(d) support this.

This standard anticipates test methodologies requiring the application of functional timing in test mode. For
example, permission 12.2.1(f) and rule 12.2.1(b) allow the Update element to be shared with normal opera-

] 1 . 7 N al 4 4
tion and ArSO—SCTVICCTIC TapTarCOVOITT

Unidire¢tional IEEE 1149.1 boundary-scan cells are usable as IEEE 1500 WBR cells. WBR ¢ell §tructure
permissjon 12.2.1(f) supports this.

The WHR cell is fully self-sufficient for the processing of a test so that, after shifting in test data and before
shifting jout test data, all data for the test are sourced from and/or sampled into ene or more storage ¢lements
in the sipgle cell, i.e., the terminals’ test needs are met solely by their respective"WBR cells.

Cells pfovisioned on core terminals that need not be wrapped per rule 12.1.1(a) may have geduced-
functionality cells as described in permission 12.2.1(g). For instaneg,\one may wish to have an obsefve-only
cell on ¢locks as defined in rule 12.1.1(a) or other types of obsérve cells supporting the Shift, the Capture,
and perljaps the Transfer event in OF mode. If the core terminahprovided with a reduced-functionality cell is
a clock [terminal and gets connected to the clock input of ‘the reduced-functionality cell, then this clock
would He considered an AUXCK and would have tosfollow AUXCK requirements and allow fof proper
operatiopn of the WBR.

12.3 WBR operation events

An event is an uninterrupted, predefined-sequence of one or more steps. Within the interval of the prgdefined
sequencp there may be a particular instant that characterizes the event, when the nominal action of the event
occurs. [[his is referred to as the characteristic instant. Predefined events are Shift, Update, Transfer, Cap-
ture, and Apply. Some events may overlap with others as indicated in permission 12.3.1(e). Events fapply to
the WBR as a whole.

12.3.1 Bpecifications

12.3.1.1 Definitions

The following definitions apply to the rules specified in 12.2.1.

Shift event: An event whereby the data stored in the WBR shift path are advanced one storage position
closer to the WBR’s TO. The data present at the WBR’s TI are loaded into the shift path storage element
closest to the WBR’s TI. If multiple WBR segments are implemented per Figure 17, this definition applies
individually to each WBR segment.

Capture event: An event whereby the value present on the CFI, or on the CFO, at a characteristic instant is
stored in a sequential element within a WBR cell. The data shall be stored in the shift path storage element
closest to CTI, or in the shift path storage element closest to CTO, or in the off-shift-path update storage
element.
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Update event: An optional event whereby data stored in a WBR cell’s shift path storage element closest to
CTO at a characteristic instant are loaded into an off-shift-path storage element.

Transfer event: An optional event that moves data to or within the shift path of a WBR cell dependent on
both or either

a) The case where data stored by the Capture event are stored in any storage element other than the
shift path storage element closest to CTI (see rule 12.2.1(b)): The Transfer event will cause the value
present in the storage element used for provisioning the Capture event to be stored into the shift path
storage element closest to CTI;

b) The case where more than one storage element exists in the shift path: The Transfer event will cause
data stored in the shift path to move one element closer to CTO.

Figure 18 illustrates Case a, and Figure 19 illustrates Case b. The legend of these figures is in Annex A.

CTO

A

CFI QO

ST

CTI

Figure 18—WBR cell supporting Transfer event
with off-shift-path capture storage element

The purposes of'the Transfer event are to properly position captured data in the shift path for observation
and to provide sequential stimuli data. In order to preserve as many capture values as there are stofage ele-
ments ir] the shift path, captured data should enter a WBR cell’s shift path via the storage element cllosest to
CTI (secTute 12-2-1(b))- TO support tis, the Iransicr event causes the captured data to be transierred from
the storage element where the Capture event occurred into the shift path storage element closest to CTI. Cer-
tain tests require application of sequential data. Transfer moves data through the shift path to make them
available for the Apply event at the cell’s CFO. In the case where the update storage element is present,
transfer will move data through the shift path so that each bit may be sequentially loaded into the update
storage element.
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Apply: A derivative event (in the sense that it is inferred from the operation of the other four even

Update,
wrapper

While the wrapper is in OF mode, the Apply eveht causes test data to be applied from output ¢«

WBR fy

unless the Update event is supported, in which)case the test data shall be the data stored in the off-s
storage plement described in the Update.event. The Apply event is only meaningful in the conte;

WBR as

Rules

a)
b)

©)

cTO
CFI *
— - CFO
_>
sC
CTI

Figure 19—WBR cell supporting the Transfer event
with multiple shift path storage elements

Transfer, and Capture), whereby test data becemeé active and effective as test stimuli. W
is in IF mode, the Apply event causes test,data to be applied from input cells onto cor

nctional outputs. The test data are the-data stored in the shift path storage element closest

a whole and not on a cell-by=cel basis.

The Shift event shall not occur simultaneously with either Transfer, Capture, or Update eve

While the S¢lectWIR signal is low and in the absence of an active value on other WSC or a
erminal (as)defined in the CTL), WRCK shall not cause a WBR storage element to change

For serial instructions, in the absence of an active edge on WRCK or pulse on WRSTN, W

s: Shift,
hile the
b inputs.
1Is onto
to CTO
hift-path
Kt of the

nts.

ny WPC
State.

BR stor-

hoc‘elements shall not change state.

Recommendations

d) While the SelectWIR signal is high and in the presence of active values on WSC terminals, with the
exception of UpdateWR, WRCK should not cause a WBR storage element to change state.

Permissions

e) Except where excluded by rule (a), events may be discrete, simultaneous, or overlapping.

f)  WBR cells may respond to user-defined events, provided that these events are documented and dis-
tinguished in their behavior from standard IEEE 1500 events.
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12.3.2 Description

WBR events are enabled by the active edge of the clock (rising edge of WRCK for Capture, Shift, and
Transfer; falling edge of WRCK for Update) in conjunction with the assertion of a WSC signal (Cap-
tureWR, ShiftWR, TransferDR, or UpdateWR). WRCK pulses or edges applied in the absence of active
WSC signals do not result in any event. WRCK may be held in a high or low state for arbitrarily long inter-
vals without loss of WBR state. PnP requirements may restrict the degree to which events may be over-
lapped. Subclause 16.3 discusses such restriction. Recommendation 12.3.2(d) allows the WBR to maintain
its state for subsequent instructions that may require the current WBR data.

12.4 WBR operation modes

A modelis a static condition or configuration of the WBR that exists in response to the state of the WI]R. This
subclauge describes the normal mode, the IF mode, the OF mode, and the nonhazardous mode.

General|permissions
a) [F mode and OF mode may be operative at the same time.

b) Whereas the four modes defined in this subclause (i.e., normal, IFf{ OF, and nonhazardpus) are
hpplied homogeneously across the entire WBR, other modes maybe defined in which the cells
Fespond on an individual basis.
12.4.1 Normal mode

The nornal mode is the mode in which the WBR does not interfere with the functional operation of the core.

12.4.1.1 Specifications

Rules

a)  While in normal mode, the WBR shall)not interfere with the operation of the core or with th¢ flow of
signals to and from the core.

Permiss|ons

b) While in normal mode, the WBR may respond to the Capture, Shift, or Transfer events, provided
hat such response does not conflict with rule (a).

12.4.2 Inward facing-(IF) mode

The IF fode is.a.test mode where core inputs are controlled by the WBR and core outputs are obs¢rved by
the WBR.

12.4.2. T Specifications

Rules

a)  While in IF mode, cells provided for core inputs shall respond to Shift, Apply, and, if provisioned
for them (under rule 12.2.1(d) or permission 12.2.1(f)), the Transfer or Update events, respectively.

b)  While in IF mode, cells provided for core outputs shall respond to Capture, Shift, and, if provisioned
for them (under rule 12.2.1(c) or rule 12.2.1(d)), Transfer events.

Recommendations

¢)  While in IF mode, cells provided for core outputs should present safe data at their CFO terminals
(i.e., external safe state).
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12.4.3 Outward facing (OF) mode

The OF

mode is a test mode where WFOs are controlled by the WBR and WFIs are observed by the WBR.

12.4.3.1 Specifications

Rules

a)

b)

Recomiendations

©)

1244

While in OF mode, cells provided for core inputs shall respond to Capture, Shift, and, if provisioned
for them (under rule 12.2.1(c) or rule 12.2.1(d)), Transfer events.

While in OF mode, cells provided for core outputs shall respond to Shift, Apply, and, if provisioned
for them (under rule 12.2.1(d) or permission12.2.1(f)), the Transfer or Update events, respectively.

While in OF mode, cells provided for core inputs should present safe data at their CFO t¢rminals
i.e., internal safe state).

Nonhazardous mode

In nonhgzardous mode, core inputs are controlled to safe data by the WBR,'and WFOs are controllefl to safe

data by

12.4.4.

Recommendations

a)

Permiss|ons

b)

12.4.4.2 Description

he WBR.

Specifications

While in nonhazardous mode, all cells should present safe data at their CFO terminals.

While in nonhazardous mode, the WBR may respond to any events.

Safe dafa are data that will not harm circuitry internal or external to the core. These data can be [static or

dynamigq.

125P

rallel access to the WBR

In additjon to its'mandatory serial wrapper access mechanism, IEEE Std 1500 provides for an optiongal paral-

lel wra;

WBR, diistinguished by the presence or absence of an IEEE 1500 wrapper cell on every core termingl:

er,dccess mechanism. There are two possible ways to implement parallel access of the IEEE 1500

In the case where every core terminal contains an IEEE 1500 wrapper cell, as shown in Figure 17,
parallel access of the WBR is achieved via segmentation of the WBR chain.

In the case where not every core terminal has a WBR cell, per rule 12.1.1(a), parallel harnessing is
implemented, as shown in Figure 20, in order to allow enabling of the parallel test being applied to
the core as a response to a parallel instruction in the WIR.

NOTE—Harnessing logic enables coupling of a TAM to CTIs and CTOs. This includes any logic that is needed between

the core

and a TAM provided that such logic obey wrapper states rules defined in Clause 13.
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Harness circuitr

Test-only terminals

WPC—» ~— WPC
Wrapper Test ins Test outs Wrapper
test-only Test-only
inputs outputs

WPP[0] -— ﬁWF’l[n]

WPC —» <— WPC

> —# CORE_IN; CORE_OUT]j —
| T CORE ¢ |
|
Core W | W | Core
Functional | B B Functional
Inputs R | R | Outputs
| | |
| ? ¢ |
I I
. | CORE_INT CORE_OUT1 >

12.5.1

This sul

WH

1[0] 4+

Figure 20—WBR harnessing via test-only terminals

Parallel configuration of the WBR

clause-applies to both parallel access types described in 12.5.

— = WHO[n]

12.5.1.1 Specifications

Rules

a)

b)

©)

d)

Parallel configuration of the WBR shall be enabled by the WIR, as a response to a parallel or hybrid

instruction, e.g. WP_PRELOAD, WH_EXTEST, WP_INTEST_SCAN.

WPI and WPO terminals shall be distinct from the mandatory WSP terminals, provided that the par-
allel interface exists.

For every segmentation of the WBR in every parallel configuration, every WBR cell shall be a
member of a unique WBR segment and be provided a direct or indirect path from a WPI to a WPO.

In parallel mode, all WBR segments shall be under the control of the WPC.
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Recommendations

e) Incases where a WBR segment drives an internal scan chain, circuitry should be inserted to prevent
certain wrapper events, such as Transfer, from causing data corruption in the internal scan chain.

Permissions
f)  The WBR may be segmented into subsets of WBR scan chains accessible via WPI and WPO.

g) When the WBR is configured into parallel mode, the serial input (TT) and serial output (TO) of each
segment may be connected to one of the following:

1) Another WBR segment from the same wrapper (in order to create a larger segment),
2) aTAM via WPI or WPO, respectively,

) acore internal scan chain output or input, respectively.

h) [There may be more than one parallel configuration of the WBR, allowing different parallelf instruc-
ions to access different segmentations of the WBR.

12.5.1.2 Description

IEEE St{d 1500 allows for a configuration of the WBR as a parallel interface to(a ¢ore, in order to prpvide an
increasd| in data bandwidth to the core. This parallel configuration of the WBR allows flexibility for|the con-
nectivity of the WBR segments and for how the parallel test applied to thécore is controlled. The flexibility
in conngctivity allows WBR segments to be connected via their WPL and WPO to a TAM interfdce or to
internal [scan chains. For standard parallel instructions, nonclock WPC signals that are distinct frgqm WSC
signals, pre used to control the WBR segments during the application of a parallel test. User-defined parallel
instructions are not required to use WPC signals that are distinct from WSC signals for controlling the paral-
lel test.

12.5.2 Harnessing of the WBR

This subclause discusses additional rules and permissions specific to the second type of paralldl access
describgd in 12.5, which is the parallel harnéssing of the WBR.

12.5.2.1 Specifications

Rules

a) Harnessing logic ifiserted on test-only terminals shall maintain compliance with Wrapper Disabled
state rules descfibed in 13.1.

b) Parallel harhessing shall be configured only in response to an instruction loaded in the WIR|

Permissjons

c) [lest-only terminals [which are exempted from the requirement for wrapper cell insertion [per rule
2.1.1(a)| may be provided with wrapper harnessing logic that, in response to an instruction present
in the WIR, couples these terminals to a TAM for the application of parallel tests.

d) In response to nonstandard or hybrid/parallel instructions in the WIR, the configuration of the har-
nessing logic may be actuated via a TAM signal, a WBR cell, or a WPC signal.

e) Parallel harnessing may be reduced to a direct connection from a TAM to a core input, provided that
compliance to Wrapper Disabled state rules (described in 13.1) is maintained via control from the
WIR.

f)  Parallel harnessing may be configured by a combination of WBR storage elements provided
uniquely for this purpose, provided that the configuration is enabled in response to the WIR. Such
WBR storage clements need not correspond uniquely (one to one) to the core terminals so
harnessed.
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12.5.2.2 Description

Rules defined in this subclause complement those defined in 12.5.1 in that harnessing requires compliance
to both 12.5.1 and 12.5.2.

Although flexibility is provided to the user in terms of defining the nature of the harnessing logic, the WIR
remains the enabler of the parallel mode. In particular, core terminals with direct harnessing (direct wire) to
a TAM should not interfere with the Wrapper Disabled state mode of the IEEE 1500 wrapper. Test modes
specific to the parallel mode of the wrapper should be enabled only as a response to the WIR. Therefore,
appropriate gating logic is expected to be inserted whereby the connection between the TAM and the core

terminal is enabled by the WIR as part of a parallel test instruction. WBR storage elements may be used to
provide Apr\nr“ng ]ng;p forthe hnnﬁgnrqﬁnn of pqrq”p] harnessing —assuming that this r\r\nﬁgn ~ati0n iS
=} =]

requestdd from the WIR.

12.6 WBR cell naming
IEEE Std 1500 mandates a naming convention for WBR cells.
12.6.1 Ppecifications

Rules

a)

12.6.2

A1l IEEE 1500 WBR cell names shall match the following régular expression:
((WO)(WH))((_S[DF\dH)|(_CIN)(_C([TOB][TOUDMNY?(_U[DFD?(_O)?(_G[01]2)?/.

Description

WBR cqll structures are defined in Perl regular expression format to ease software tool automation af well as
integratjon with the CTL. The regular expression defined in 12.6.1 allows for the identification of apy IEEE

1500 WBR cell by parsing CTL code.

The na
type na

rﬂng of the various types of WBR cells shall be done in a descriptive, parsable method. Hach cell
e shall begin with WC (WBR cell) or WH (WBR harness cell). This prefix is followjed by a

sequencp of characters that deseribe the capabilities and structure of the cell. The information will|indicate
whether|a particular storage‘element is shared or dedicated to wrapper operation, how many shift path stor-
age elements exist, the existence and type of the optional update cell, and the existence of safe data[support.
In additfon, for harness.eells, the presence of an inversion will be noted and also if the cell is combinational
or sequgntial. To support this, from one to five fields will exist in the name in a specified order. Eqch field

begins with anwnderscore.

TheAirst field is mandatory and describes the nature and number of shift path storage elemerts or the
combinational and/or inverted nature of a harness cell The first two characters of this field are S
(shift) or C (combinational). If _S is selected, the third character is either D (dedicated) or F
[(shared) functional], followed by an integer indicating the number of shift path storage elements. If
_C is selected, a third character, I, may be used to indicate an inversion in the data path. This first
field has the following regular expression format: /(_S[DF\d+)|(_CI?)/.

The second field indicates the site where data are captured. The first two characters of this field are
_C (capture). The third character of this field specifies the origin of captured data: I (CFI), O (CFO),
or B (selectable by design, i.e., can be CFI or CFO). The last letter of this field indicates the capture
site: I (the first element of the shift path), O (the last element of the shift path), or U (the update stor-
age clement). In cases where the wrapper cell being described does not perform the capture function,
both third and fourth characters in this field should be replaced by N (none) to indicate that there is
no origin for captured data and that the capture site does not exist. When C or CI is selected for
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the first field, CN is mandatory for the second field. The regular expression matching this second
field is /(_C([IOB][IOU])IN)?/.

The third field describes the nature of the update element. It is composed of three characters, the first
two of which are U (update). The third character is either D (dedicated) or F [(shared) functional].
Its regular expression format is /(_U[DF])?/. The absence of this field indicates the absence of an
update storage element.

The fourth field indicates, by its presence or absence, the presence or absence of an observe-only

characteristic. It is composed of an underscore followed by an O. Its regular expression format is
/_0l.

The final field indicates, by its presence or absence, the presence or absence of safe data support in

onhazardous mode. It is r‘nmpncpd of anunderscore followed by a G (gnm‘ﬂpﬂ ﬂnfn) and nntional]y

by a 0 or 1 indicating the static value. Its regular expression format is /_G[01]?/.

nment (Env_name) {

rternal {
sigref expr ({
(connectTo {
Wrapper IEEE1500
(CelllID cell enum | PinID user défined);
by *
})+

cell ¢num = /(WC)(WH))((_S[DF}d+)|(_CI?))(_C([IOB]IOU])N)?(_U[DF])?2(_0)?( G[01])?/

IEEE P

12.7 WBR cell examples

Table 2

450.6 (CTL) documentation-contains an in-depth description of the above CTL syntax.

describes IEEE"1500 WBR cell example names, and a gallery of bubble diagrams depictlng each

examplq follows (the" table. The bubble diagrams used in these examples are defined in Annex|A. It is
understqod that:the means of data path selection shown in these bubble diagram figures is to be copfigured

by the cpntent.of the WIR.
Table 2—WBR cell example list
Cell description Name Figure number
One storage element shared with functional operation. WC _SF1 _CII Figure 21
One storage element in shift path dedicated to wrapper function, WC_SD1 _COI Figure 22
capturing from CFO.
Two dedicated shift path storage elements, capturing from CFI WC_SD2 _CIO Figure 23
into the shift storage element closest to CTO. This cell captures
data into the storage element closest to the scan output.
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Table 2—WBR cell example list (continued)

the shift path, performing observe-only function.

Cell description Name Figure number
One dedicated storage element in the shift path and a shared WC _SD1 _CIU UF Figure 24
update storage element. This cell captures into the update storage
element.
A reduced-functionality cell with one dedicated storage elementin | WC_SD1_CII_O Figure 25

and test
data are

The WC_SE1_
operatiop, the two operations are likely mutually exclusive. Also, the CFO terminal toggles /as
shifted from CTI to CTO and when a capture occurs. WC_SF1_CII_G may drive a safe valug~inadflition to
supporting the functionality described for WC_SF1 CII. See Figure 21.
CTO
(a) WC_SEL.CII
CFl CFO
CTI
CTO (b) WC_SF1 CII G
CFl
SCF) -
F
> CFO
Safe — p|
Value
CTI

Figure 21—WC_SF1_CIll WBR cell
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WC_SD1_COI has a dedicated shift path, and its CFO may toggle during Shift or Capture operations. How-
ever, compared to the WC_SD1_CII cell, the CFI to CFO connection has superior testability. See Figure 22.

CTO

CFI * -

CFO

__>

CTI
Figure 22—WC_SD1_COI WBR cell

The W(_SD2 CIO cell has the capability to circulate a sequential/pattern for delay testing appljcations.
Note thqt this cell has a dedicated shift path and responds to the Transfer event. A detailed example |llustrat-

ing the yse of this cell is discussed in 12.8. See Figure 23.

CTO
|
CTI

CFl -

CFO

Figure 23—WC_SD2_CIO WBR cell

WC _SD1_CIU_UF has a dedicated shift path. An update storage element that is shared with functional
operation serves as capture site for this cell. Accordingly, the path from CFO to the shift path storage ele-
ment is provided for the Transfer operation to move captured data into the shift path. WC_SD1 CIU UF_G
may be forced to a safe value in addition to supporting the functionality described for WC_SD1_CIU_UF.

See Figure 24.
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CTO

A

CFI | % 'r:> » OO
¢

ST

(a) WC_SD1_CIU, UF
CTI
CTO

A
CFlI
__>CFO
Safe —p|

Value

ST
(b) WC_SD1_CIU_UF_G
CTI

Figure 24—WC_SD1_CIU_UF WBR cell
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WC _SDI1_CII O is a observe-only harnessing cell. This cell is to be used only in accordance with permis-
sion 12.2.1(g). See Figure 25.

CFI * » CFO

CTI

Figure 25—WC_SD1_CII_O WBR cell

12.8 IEEE 1500 WBR example

This sulfclause describes an example of how the WBR and WBR ¢vents may be used to perform a d¢lay test.
Figure 26 depicts an example logic schematic of a WC_SD2)>CIO WBR cell. The bubble diagram corre-
sponding to this WBR cell is shown in Figure 23. The WBR chosen for this example supports the [[ransfer

event.

SHIFT - * D_ WRCK —>
—\ 3\_\ dff_1
XFER I— |/ —

®

CFI

.
C|APT }

=
)»

—L dff 2 _T_> cTo
>

Tl T

I0_FACE
WRCK

Figure 26—Example logic schematic of a "WC_SD2_CIO" WBR cell
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This cell has a dedicated shift path of two independent data positions; therefore, it responds to the Transfer
event (XFER). It captures data from its CFI port into the shift path storage element closest to CTO (dff 2).
This cell may be used for either core input terminals or core output terminals but it is to be connected differ-
ently for these two cases per Table 3. SHIFT and CAPT are the control signals for the Shift and Capture
events, respectively.

Table 3—Value applied to I0_FACE signal of WC_SD2_CIO example
for different cases

Instruction type

I0_FA(
holds st:
to trans
combing
derived
clock.

Figure 2
WC SO
shift, an|

Considg
vided fo)
applied
AND g4

Figure 2
WRCK

The seq
dff 1 an
and 0, rq

IF OF
Terminal Core input 1 0
type
Core output 0 1

E is derived from the WIR. Dff 1 participates in the Shift and Transfer events uncondition

fer if IO_FACE =1 and responds to capture if IO _FACE = 0; otherwise, DFF_2 holds st
tional logic shown decodes the SHIFT, TRANSFER, and CAPTURE signals along with tl
[O FACE signal to determine the source of the data clocked/into dff 1 and dff 2 in respon|

7 depicts a simplified example of an arrangemént of an AND gate as a core and three
2 _CIO cells as a WBR. Mode indicates whether the cell is in test or normal mode. The
1 capture signals are derived from TransferDR, ShiftWR, and CaptureWR.

r the scan order through 2 bits in ea€h of the cells for terminals INO, IN1, and OUT. The
r terminal OUT is configured to teeeive the opposite polarity value of the IO_FACE signal f
o the other two cells. Also depicted are the logic values of a delay test of three vectors appli
te inside the simplified core:

8 depicts a timing diagram of the delay test sequence. For ease of explanation, the rising
are numbered sequentially.

ience begins: with 6 data bits being shifted into the WBR. Following the Shift operation
d dff_2-ef'the wc_in0 wrapper cell are both 1; dff 1 and dff 2 of the wc_inl cell are loade
spectively; data in dff 1 and dff 2 of the wc_out wrapper cell are both 0.

ally and

ite in the absence of these events. Dff 2 participates in the Shift eventainconditionally and fesponds

nte. The
he WIR-
ke to the

of these
transfer,

Cell pro-
rom that
bd to the

pdges of

data in
d with 1

With this data pattern, we_inl has an initial value of 0 applied, but there is a 1 value ready in that cell’s dff 1
storage element.

Clock cycle 7 is a Transfer event where we_in0 and wc_inl internally exchange data between their respec-
tive dff 1 and dff 2 bits. This results in a rising-edge delay test stimulus being applied to the IN1 input of
the AND gate.

Clock cycle 8 performs both the Transfer and Capture events. If the time interval between clock events 7 and
8 is according to the delay time specification of the path from IN1 to OUT, then a first delay test response is
captured in dff 2 of wc_out. Simultaneously, a falling-edge delay test stimulus is applied to the IN1 input of
the AND gate. After a settling time, the WBR Test Output TO reflects the result of the capture.
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Figure 27—WBR cellr'connectivity around a core

1 2 3 4 5 6 7 8 9 10 11 12 13 14

wiew J LTI AL UL LT LW

|
I
I
I
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I
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CAPT | | | |
] ] ]

XFER II I I |
I | I

AND ||1 ||0 || !
I I |

TO 0IOI|1 I|0 |1 1 |0 .|1 1
| | |

I0 FACE 1

Figure 28—Delay test sequence timing diagram
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Clock cycle 9 again performs both the Transfer and Capture events. If the time interval between clocks 8 and
9 is according to the delay specification of the AND gate a second delay test response is captured in dff 2 of
wc_out. Simultaneously, the data value that was captured during clock 8 is transferred to dff 1 of wc_out.
After a settling time, the WBR TO reflects the results of the second capture.

Clocks 10 through 14 are used to shift out the last 5 bits of the WBR where the results of the first capture
come out on clock 10.

This simplified example has been presented in the context of a combinational path from a core input termi-
nal, through the core, to a core output terminal while the WBR is in IF mode. It should be understood that
while this simplified example has used the AND gate as a core, the AND gate could have been a UDL, tested

with W1

R Hesa O =
PICOCTISTIT OT ITOUTT

13. W

131 W

The WR
the corg
Enabled
by this §

rapper states

rapper Disabled and Wrapper Enabled states

STN signal can be used to force the wrapper logic into a state that'enables functional ope
. Figure 29 and Figure 30 identify two main wrapper statesi Wrapper Disabled and
respectively. Both have substates that are entered in a sequence controlled by the WSP ag

tandard. The wrapper is forced unconditionally to a Wrappet Disabled state when the WRS

nal of the WSP is low. In Wrapper Disabled state, the wrapper. is inactive and functional operatig

core log
Enabled|

ic can continue unhindered. Test operations are pétformed while the wrapper is kept in
state by a high value on the WRSTN signal.

WRSTN = 0 —»( Wrapper Disabled :D WRSTN = 0

Figure 29—Wrapper Disabled state conditions

Wrapper Enabled WRSTN = 1

ation of
Wrapper
defined
TN sig-
n of the
Wrapper

Figure 30—Wrapper Enabled state conditions

13.1.1 Specifications

Rules

a)  Asserting logic 0 on WRSTN (WRSTN = 0) shall unconditionally force the wrapper into Wrapper
Disabled state; no actions of the wrapper logic (e.g., WIR, WBR) shall occur in response to WSP
signals and/or WPP signals other than WRSTN and/or WRCK.

b)  Asserting logic 0 on WRSTN (WRSTN = 0) shall unconditionally force the WS BYPASS instruc-
tion to become effective.
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c) Asserting logic 1 on WRSTN (WRSTN = 1) shall unconditionally enable the wrapper to respond to
the WSP signals.

d) When the wrapper logic becomes enabled after being disabled, the effective instruction present in
the WIR shall be the WS _BYPASS instruction.

Recommendations

e) The protocol used to control the WRSTN signal should ensure that at least one complete WRCK
pulse is applied when WRSTN is set to logic 0 (WRSTN = 0) before WRSTN can be set to logic 1
(WRSTN =1).

Permissions

f)

13.1.2

Indepen
active 1
remains
by asyn
=0)to
WS_BY
For this
wrapper

If async
operatio
Wrappe
prior to
can also
order to
WRCK
describe

All rule
Disable

14. W

The wrapper may require an active WRCK during Wrapper Disabled state (WRSTN =A)),
becoming enabled by logic 1 on WRSTN (WRSTN = 1).

Description

dent of the current state of a wrapper, this wrapper will enter WrappefBDisabled state
w WRSTN signal is asserted. The wrapper will remain in this state ywhile the WRST]
low. In the Wrapper Disabled state, the wrapper is forced to its inactive’state. This is achiev
hronously resetting the WIR contents to WS_BYPASS or by gatitig the WIR outputs (with )
Create the same effect. In the latter case, a synchronous res€t operation is still needed to
PASS instruction into the WIR before the wrapper is endbled by de-asserting the WRST)
reason, it is allowed to require an active WRCK during"Wrapper Disabled state, prior to y
in Wrapper Enabled state.

hronous reset of the WIR is used to implementthe Wrapper Disabled state, the sequence pri

" Disabled state and a synchronous reset«0fthe WIR is needed to load WS_BYPASS, the §
test operations needs an active WRCK during the Wrapper Disabled state. Because this s
be used for wrappers with an asynchronous reset of the WIR, it is recommended for all wra
have a reliable operation of thecwrapper, WRSTN should be deasserted only on the falling
so that at least 1/2 WRCK( period is left for signals to propagate within the wrapper. H
s a synchronous reset timing.

described in this standard apply to the Wrapper Enabled state, except rules specific to the
| state of the IEEE 1500 wrapper.

SP timing diagram

prior to

hen the
N signal
bd either
WRSTN
load the
N signal.
sing the

I to test

ns consists only of deasserting WRSTN. When gating of WIR outputs is used to implethent the

equence
equence
ppers. In
edge of
igure 34

Wrapper

This cla

1sedefines ﬁming ‘rPIﬂHnl’\QI"IiI\Q between the mandatory WSP terminals The actual values

denoted

TBD, are to be supplied in the CTL by the wrapper provider. These timing specification parameters apply to
any wrapper implementation. Values with a hyphen (-) indicate they are not necessary or not pertinent to the
usage. Timing diagrams shown in this clause are not meant to show protocol, but rather timing relationships
between wrapper signals.

14.1 Specifications

Rules

a)

SelectWIR, ShiftWR, CaptureWR, and TransferDR shall be sampled on the rising edge of WRCK.
b) The UpdateWR signal shall be sampled on the falling edge of WRCK.
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¢) Actions of IEEE 1500 standard components (e.g., WIR, WDRs) shall occur on either the rising or
falling edge of WRCK in response to WSC signals as depicted in Figure 31, Figure 32 and

Figure 33.

d) Changes on the SelectWIR signal shall not occur coincident with Shift, Capture, Transfer, or Update

operations.

e) Provided that permission 13.1.1(f) is exercised, the timing relationships depicted in Figure 34 shall

be applicable.

14.2 Description

VAR VAl H

(Ql

E th o Ql o 7D 1 Joala Y 1 los ol b faa taddloot doto Lo £ 1L
ven OESIOTITU VY ICTIIA Y CITAI TE U WIITITC TV INCIKT TS TR TU TS At TP atC U U Iat Udtd U TV I TTUTIT vy

falling ddge of WRCK will result from the data or instruction register that was selected at the imm

preceding rising edge of WRCK.

[

O at the
ediately

Table 4 |and Figure 31 describe timing parameters for WSP operation. See Clause 8 for details pn these
signals.
Table 4—WSC and WBR timing parameters for WSP-operation
Timing parameter Symbol Min Vax

Clock pulse high fekwh TBD | +
Clock pulse low tekwl TBD | +
WRSTN Pulse Width Low sl TBD | +
WRSTN negation setup time w.r.t. WRCK rising edge frstsu TBD | +
SeledtWIR setup time w.r.t. WRCK rising edge tswsu TBD | +
SeledqtWIR hold time w.r.t. WRCK rising-edge fswhd TBD | +
ShiftWR, CaptureWR, or TransferDR sctup time w.r.t. WRCK rising edge Tetlsu TBD | +
ShiftWR, CaptureWR, or TransferDR hold time w.r.t. WRCK rising edge Ietlhd TBD | +
UpdqteWR setup time writ. " WRCK falling edge tupdsu TBD | +
UdeteWR hold time-w:r.t. WRCK falling edge typdhd TBD | +
WSI getup time(wi.t. WRCK rising edge Lsisu TBD | +
WSI hold time w.r.t. WRCK rising edge tsind TBD | +
WS({ output valid time w.r.t. WRCK falling edge [ — TBD

Timing relationship of the AUXCK with respect to WRCK is discussed in Clause 16.
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Figure 31— IEEE 1500 WSP timing
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14.2.1 Timing parameters for event and functional input/output (1/0)

Table 5, Figure 32, and Figure 33 describe timing parameters regarding event and WFI/WFO. Figure 32
describes timing relationships for wrapper cells with minimally required terminals, CaptureWR and
ShiftWR. Figure 33 describes timing relationships for wrapper cells that support Update and Transfer

events. Note that multiple TransferDR operations are possible depending on WBR cell capability.

Table 5—Event and functional timing

Timing parameter Symbol Min Max
CaptyireWR or TransferDR setup time w.r.t. WRCK rising edge Ietlsu TBD A +
CaptiireWR or TransferDR hold time w.r.t. WRCK rising edge totlhd TBDy~| +
UpdeiteWR setup time w.r.t. WRCK falling edge lupdsu IBD | +
UpdelteWR hold time w.r.t. WRCK falling edge Lupdhd TBD | +
WF({ output valid time w.r.t. WRCK rising edge without update trov — TBD
WF({ output valid time w.r.t. WRCK falling edge with update ttov — TBD
WFI getup time w.r.t. WRCK rising edge tfisu TBD | +
WFT hold time w.r.t. WRCK rising edge tfihd TBD | +

The mir
cell WQ
as show|
would b

jimal configuration timing specification shown i’ Figure 32 can apply, as an example, to
| SF1_CII from Figure 21, where CFI is to be’eonnected to WFI and CFO to be connected
h in Figure 16. An example of a wrapper cell corresponding to the timing specification of Fligure 33
e wrapper cell WC_SD2 CIU_UF showiin Figure B.S5.

Wwrapper
to WFO
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Figure 32—IEEE 1500 minimal event and functional 1/O timing
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Figure 33—IEEE 1500 event and functional I/O timing

14.3 Synchronous reset timing

Table 6 and Figure 34 show the timing parameters for an optional synchronous reset.
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Table 6—Synchronous reset timing

Timing parameter Symbol Min Max

Clock pulse high fekwh TBD | —
Clock pulse low tekwl TBD | —
Synchronous WRSTN assertion setup time w.r.t. WRCK rising edge Tsrstsu TBD | —
Synchronous WRSTN assertion hold time w.r.t. WRCK falling edge tsrsthd TBD | —
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| | I
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15. W

This cla|
chip lev

151 C
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the WSI
wrapper

|
|
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|
<> [othd

.
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Figure 34—IEEE 1500 synchronous reset timing

SP configurations for IEEE1500 system chips

I8

onnecting multiple WSPs

clause exemplifies the system chip configurations for the WIR and WBY registers when co
of IEEE 1500 wrappers. Figure 35 through Figure 39 show various configurations of IE]

WSI-W1

connections for the WSP. In the ﬁgures the system Chlp conﬁguratlon 1s deﬁned by the

1se provides specifications and description for configuring multiple IEEE 1500 WSPs at th¢

system

necting
EE 1500
way the

d. IEEE

Std 1500 allows smgle or multlple WSI WSO paths and WSPs to be conﬁgured dependlng on the applica-
tion needs of the system chip and cores.

In Figure 35, the WSP scan path order is Corel-Core2-CoreN, and the signals connected to the WSC termi-
nals are globally bussed. Therefore, all wrappers are controlled together. This allows different instructions to
be loaded into different WIRs, and the WSP protocol of the cores is controlled in a lock-step fashion. There-
fore, for example, the SelectWIR signal would be bussed and is common to all N cores. Thus, all of the N
WIRs will always be selected simultaneously. To control the WIRs and WDRs separately and, for example,
load the WBRs of some cores with test data concurrent with a WIR Shift operations in other cores would
require the signals connected to the SelectWIR terminals of the cores to be controlled separately for each
core. IEEE Std 1500 recommends against this in the serial WSP configuration.
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wsi1 WsI2 WSIn
—> > —>
WsSO01 Ws02 WSOn
Core 1 Core 2 Coren
{SelectWIR,
WRCK, _———-

WRSTN,
CaptureWR,

ShiftWR, System
UpdateWR} Chip

Figure 35—Serial connection of WSPs

The multiple parallel configuration shown in Figure 36 shows how the WSC signals can bebussed, ps in the
serial WSP configuration of Figure 35, yet the WSI-WSO scan paths of the three cores ate séparatq parallel
scan paths, one scan path for each core. This configuration supports parallel access to/thethree core]l WSPs.
WsI1 —> WSO1 Core2
Core 1
wsI3 i~ \Core 3 > WS03
{SelectWIR, WSI2 —»|
SRR, —> WS02
WRSTN, =
CaptureWR, v ~
ShiftWR, System
UpdateWR} Chip
Figure 36—Multiple parallel WSP configuration
Figure 37 shows a WSP configuration with a core, Core 2 (which has two subcores), Core 3, and| Core 4.
This configuration uses a single\WSC bus, as in Figure 35. This is similar to the single serial WSP ponfigu-
ration of Figure 35 in that thére is a single WSP scan path through the system chip. The WSP scan pgth order
for this ¢onfiguration is Cor¢1-Core2-Core-3-Core4.
WSI1 —> k< Core2 —>Ws02
Core 1 wsot WSI3 Wsl4
- core o o~ core 4 weoT-
A
{SelectWIR,
WRCK,
WRSTN, >
CaptureWR, ;
ShiftWR,
Upda;eWR} s{:shti?:)m
Figure 37—Serial WSPs with subcores
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The WSI-WSO connection from Core2 to Core3 requires that the Core2 WSO be brought out of the wrapper
and into the top level of the core. This is shown as the To_ WSI3 output of WSP2 in the detailed figures,
Figure 38 and Figure 39. Further, the WSO of Core4 must be routed to the Core2 wrapper for the final WSO
output. Figure 38 and Figure 39 show two examples of how the WSO4 input to WSP2 can be selected at
WSO2. In Figure 38, the subcore WSPs are always chained with that of Core2, so that WSO4 passes directly
through the wrapper of Core2 and is output on WSO2. In Figure 39, there is a multiplexer for WSO?2 that
enables the subcore WSPs to be bypassed.

OB ————

Core Data i WBR
Registers \___.-~~ | 4 > WSO2

} 4
WDRs . ,-a | | —SPRTN
Y 1 ~—WSP2
: -

J ]
| Ead =
‘ i * > To_WSI3
WwsI2 N WIR
4 €T SlectWIR

{SelectWIR, WRSTN, WRCK,
CaptureWR, ShiftWR, UpdateWR}

Figure 38—WSP2 with serial subcore paths

WS04 —»
Core Data e A
Registers \___.--~ ] —> \WS02

WDRSs /!

- 3 - WSP2
-
Ly
%» To WSI3
WSI2 n
477 SelectWIR

{Select_WIR, WRSTN, WRCK,
CaptureWR, ShiftWR, UpdateWR}

Figure 39—WSP2 with subcore WDR bypass

15.1.1 Speecifications

Recommendations

a)  When connecting the WSPs of two or more wrappers in series (i.e., daisy-chaining their WSI-WSO
terminals) at the system chip level, the SelectWIR, WRSTN, WRCK, TransferDR, CaptureWR,
ShiftWR, and UpdateWR terminals from each of the wrappers should be bussed, so that there will
be a common source to all wrappers for each of the above WSC terminals.

Permissions

b) The WSP terminal interfaces may be configured at the system chip level in a manner appropriate to
the system chip’s requirements.
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15.1.2 Description

When connecting the WSP interfaces of multiple IEEE 1500 wrappers within a system chip, the core inte-
grator may connect and configure the interfaces as is required by the system chip. Three examples of WSP
configurations are shown in Figure 35, Figure 36, and Figure 37. Multiple WSPs connected in series, multi-
ple parallel WSPs, and a serial WSP with subcores are shown in the respective figures.

When chaining the WSPs of subcores in series with their parent core, the subcore WSP may be fixed, as in
Figure 37. In this example, the WRs of the cores are always chained. Therefore, for example, when the
WS BYPASS instruction is loaded into Core2, Core3, and Core4, there will be a multiple-bit bypass path
from WSI2 to WSO2. Figure 39 shows an example of where the subcore scan paths are multiplexed with the
parent cores WDRs. This allows the subcore paths to be bypassed during certain instructions. Qther WSP
configufations are possible.

When c¢nnecting the WSPs of two or more wrappers in series, it is recommended that thé.- WSC corjtrol sig-
nals be pussed and controlled by a common source. This will facilitate PnP of mul{ipl< serially cqnnected
WSPs.

16. Plug-and-play (PnP)

This clduse provides specifications and descriptions for enabling interoperation between multiple IEEE
1500 wrappers at the system chip level.

16.1 Bpckground and definition

PnP is the term used to describe a level of ifiteroperability between different cores' wrappers on the same
SoC desdign. This level of interoperability.was settled upon as a compromise between these somewhat differ-
ing objegtives:

—  [The architecture should proyide for all cores having a uniform test capability utilizing the WSC and
ktandard instructions;

—  [The architecture should be amenable to a variety of best practices of design and test of cpres and
BoCs. Core designers and SoC integrators should have flexibility to adopt a variety of implementa-
ion styles-todieet their system and test design objectives;

— [t should be permissible that the resources of the WBR be shared with normal system funclfionality
shared use).

As IEEE 1500 entirely owns the WIR and the WBY, it is a simple matter for this standard to specify those
registers so that they may easily interoperate between multiple wrappers. However, specification of the
interoperability of the WBRs is complicated by the notion that WBR may be shared with system functional-
ity. This shared use of WBR resources is the primary constraint on achieving PnP. In the case that a core
designer exercises the liberty to co-mingle WBR functionality with system functionality, it is recognized
that core system clocks may operate the sequential elements in which WBR features reside. In the case that
system functionality is separated from wrapper functionality, PnP is assured by design. At the same time, it
is recognized that the WBR must be responsive to WRCK and the other WSC signals to support a common
test capability. In order to resolve such WBR clocking issues and still mandate a uniform level of interoper-
ability, the compromise accepts a limited decoupling of the cause-and-effect relationship between WRCK
and events in the WBR.
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The governing principle of IEEE 1500 PnP is as follows:

A user of this standard in applying tests on an SoC comprising multiple IEEE 1500 cores via the
WSC is assured that the multiple cores’ wrappers will interoperate robustly at or below some maxi-
mum WRCK frequency.

In other words, robust PnP means that timing margins will improve with decreasing frequency, so below
some maximum frequency, interoperability is assured. Note that this allows SoC testing to be accomplished
without requiring careful timing of any IEEE 1500 test signals and without requiring knowledge of wrapper
timing characteristics.

Permission 8.1.1(e) is repeated here for convenience.

The WYP may include AUXCKn terminal(s) in addition to the dedicated WRCK for operatiofiof fegisters
other than the WBY and WIR. Such clocks may be shared with other system clocks and'may be used to
operate pther core features.

Core depigners may use AUXCKs of their choice to actuate WSP-directed WBReyents. Such use foes not
change the relationship between any of the other WSC terminals and WRCKg nof does it alter arfy of the
rules gofverning those relationships. However, it may impose additional op€rational limitations. Fgr exam-
ple, ongl design implementation style that is accommodated by these rules‘is where WBR sequential ele-
ments dp not receive WRCK exactly as a clock, but rather as an enable-on the data port of the sdquential
elementk. With such an implementation style, WBR operation would\be dependent upon adherence|to setup
and hold time specifications of WRCK with respect to the underlying AUXCK as depicted in Figurel40. The
timing garameters shown in this figure are sample parameters.répresenting setup and hold timing off WRCK
with respect to the AUXCK for some hypothetical wrapper iniplementation employing an AUXCK

NYAVAVRIAWAERWIL

I<—tsuwa ->|
I J
I ' ‘>' thdwa |<'
I I
I I

WRCK ' ! |

Figure 40--Example of timing relationship specification of WRCK w.r.t. an AUXCK

16.2 PnP-aspectsof-standard-instructions

16.2.1 Specifications

Rules

a) All standard serial instructions (WS BYPASS, WS SAFE, WS CLAMP, WS INTEST,
WS _INTEST SCAN, WS _INTEST RING, WS PRELOAD, and WS_EXTEST) must be robustly
PnP with respect to the Shift operation of their selected registers. The respective registers of these
instructions must be responsive to ShiftWR, SelectWIR, and WRCK.

b)  All wrappers must be PnP with respect to Capture, Update, and optional Transfer operations of the
WSC while executing the WS _EXTEST instruction.
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c) Provided that permission 8.1.1(e) is exercised, the timing relationships required between WRCK
and the AUXCK(s) to ensure PnP operation shall be specified.

16.2.2 Description

All wrappers must shift interoperatively when arranged on an SoC with their WSI and WSO terminals seri-
ally concatenated. All wrappers interact during Shift operation.

WS _EXTEST is the only standard instruction provided for testing of SoC circuitry that connects to core ter-
minals. It is assumed that the wrappers of multiple cores are simultaneously involved in testing this circuitry.
Because of this extensive interaction, WS _EXTEST uniquely has the requirement to be fully PnP for all
WSC operations:

WRCK fand auxiliary timing relationships required to ensure PnP operation are expected to,bg provided in
CTL pef rule 17.3.1(b). A sample representation of such timing relationship is shown in Eigure 40.

16.3 PpP limitations on protocols
16.3.1 $pecifications

Recommendation

a) PnP WS _EXTEST operation using the WBR should u§¢ protocols in which the intendefl Apply
event and the corresponding Capture events do not ocgur simultaneously.

16.3.2 Description

In order{for a WBR cell to reliably capture a new,_test response, the PnP definition requires that therg be suf-
ficient tjming margin. If the Apply event providing a test stimulus and the Capture event for obsprving a
respons¢ are triggered by the same edge ofithe same pulse of WRCK, there may exist a timing rdce. This
may be pmeliorated by applying the various events sequentially rather than simultaneously.

16.4 Non-PnP in IEEE Std 1500

Although this standard provides a basic PnP testing capability, there is no intention to inhibit non-EnP uses
of this standard. For exanmiple, timing-related testing is inherently timing critical, and such testing |s facili-
tated by|such aspecfs/of this standard as the WBR Transfer event and the allowance for AUXCKs. The user-
defined |parallel~port and user-defined instructions and events are all opportunities for innovatiop within
IEEE Std 1500 that are nonetheless non-PnP.

17. Compliance definitions common to wrapped and unwrapped cores

This clause lists and describes rules that must be followed to claim compliance with this standard. When
used without any qualification, the word core applies to both wrapped and unwrapped cores in these rules.
Words in bold represent CTL (IEEE P1450.6) keywords.

17.1 General rules

The rules in this subclause are general rules, not specific to individual terminals, core wrappers, or test
patterns.
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17.1.1 Specifications

Rules

a)

b)

17.1.2

Here is

a)

All test information pertinent to core integration shall be provided in CTL, without relying
specific standard test interface language (STIL) extensions or functions.

on user-

The IEEE 1500 compliance level (wrapped or unwrapped) and version to which the core and associ-

ated information apply shall be specified using the Compliancy statement:
Compliancy IEEE1500 2005 <Wrapped | Unwrapped>.

The information related to the length of an existing WBR shall be supplied in CT
ScanStructures {Length integer;}

The information related to the order of the wrapper boundary cells within the register shal

L using

be sup-

plied in CTL using ScanStructures {Cells cell-list;}

The scan terminals of the WBR shall be specified using the ScanDataType statement:
Bigname {
PDataType ScanDataln {ScanDataType Boundary;}

All state elements of the WBR shall be described in CTL as part_of_a scan chain u
ScanStructures construct of CTL.

Description

he reasoning behind the general rules:

For automation needs, the information delivered by the.eore provider to the system integratq
vided in CTL (IEEE P1450.6). Any use of user-defined mechanisms in the language that
vided for extensibility will limit interoperability-Farthermore, user-defined mechanisms sh
be used when keywords already exist to convey-the same information.

As an example, a core provider wants 10 communicate to the system integrator that there :
est modes in the design: two for testing the internal logic of the design and one for providin
o the wrapper scan chain for testing the external logic of the design. Also, the core provid
o communicate the fact that the.two internal test modes are different configurations that per
kame task. In other words, only one of the patterns in each of the internal test modes needs tq
cuted to complete the testing of the core. This text would have been sufficient to describe t
mation; however, it(s\hot easy to automate processing of such text. The following CTL d
his information i an automatable form:

Environment {
CTL-“configl ({
TestMode InternalTest {AlternateTestMode config2;}

sing the

T is pro-
are pro-
puld not

re three
o0 access
br wants
form the
be exe-
ne infor-
escribes

CTL config2 {
TestMode InternalTest {AlternateTestMode configl;}

CTL config3 {
TestMode ExternalTest;
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While the semantics are relevant to the understanding of the example, CTL’s syntax is easily read-
able because of the verboseness of its keywords. Configurations of the design are test modes that are
defined in CTL blocks of statements (CTL {}). Each test mode is assigned a type or purpose through
the TestMode statement. Alternate test modes are identifiable through the AlternateTestMode
statement. The reader should observe that the information defined in the syntax shown reflects the
text that was intended to be described.

b) For ease of reference, the CTL shall specify which type of compliance is being provided (IEEE 1500
wrapped or IEEE 1500 unwrapped) and also an identification of which version of the IEEE Std 1500
was used to define this compliance. This is needed to handle any future, enhanced versions of this

standard.

¢) The intention is for the high-level information model provided by CTL to allow such pattern gener-

d)
e)
f)

17.2 P
The ruld
17.2.1 ¢

Rules

a)
b)

©)

o to-bepossibte-without reed-foraccessto-thetore s oreverr thewrapper s mretistdefim
hn unwrapped core, providing full information about an existing WBR (if included) enables
ion with other wrapper components. Any core terminals that have IEEE 1500 WBR{cells j
with the core will need to be correctly identified so that the final integrated WBR can’ inclu
Cells as well as any additional WBR cells. Also, knowing the correct association between W
within the built-in WBR’s bit positions and their corresponding core interface términals is n

See (¢).
The WBR chains are differentiated from other scan chains of the core using this statement.

This information aids in automatically recognizing and operafing the existing WBR.

pr-terminal rules
s in this subclause are specific to the core’s externial interface terminals.

Bpecifications

Al interface terminals of the core'shall be identified using the Signals block of statements i

A1l nondigital interface terndingls identified for the core shall be classified according to thei
tal characteristics using,the following statement:

signame {

ElectricalProperty ‘property type;

Al digital idferface terminals of the core shall be categorized according to their test functid
est modes using the following CTL statement:
Kignamie, {

DataType (data_type)+;

50 that the completed boundary chains can be correctly described for the fully wrapped cord.

ion. For
integra-
rovided
de those
BR cells
bcessary

n CTL.

- electri-

n for all

d) All digital terminals of IEEE 1500 wrapped or unwrapped cores with corresponding wrapper cells

shall be identified in CTL using the following statement:
Internal {

signame {

IsConnected {

Wrapper IEEE1500 CellID cell_type;

i
i
i

e) All digital terminals of IEEE 1500 wrapped or unwrapped cores with no WBR cells or intended to
have no WBR cells shall be identified in CTL using the following statement:
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17.2.2

Here is

a)

b)

©)

d)

g
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signame {
Wrapper None;
H

Active states of test terminals needed for the validity of test information of the core shall be speci-
fied using the ActiveState statement associated with the DataType statement as follows:

signame {

DataType data_type {ActiveState active state;}

H

Certain terminals such as clock, test mode, and set/reset terminals are assumed to be at a certain state
at the beginning of every test protocol for sequences to be valid. That assumption shall be specified
using the AssumedInitialState statement associated with the DataType statement as follows:
SToTTame {

PDataType data_type {AssumedInitialState assumed _state;}

Description

he reasoning behind the per-terminal rules:

There are many requirements to accurately refer to the core interfacetterminals. The test pattgrns will
refer to them, and the core integrator will need to understand which terminals of the core Have cer-
ain chip-level test interface connection requirements. Labelling the terminals is the fjrst step
fequired to pass along all of the important information fret,the core provider through to [the core
ntegrator.

CTL allows for the description of property types that include digital, analog, power, and grqund ter-
minals. Unless specified, the property type of a terminal is assumed to be digital since IEEE Std
1500 is targeted for digital terminals. Use of this property exempts some terminals of the cpre from
bther compliance rules.

A core comes with many types of test téminals that are used in special ways. For examp|e, scan-
Felated terminals serve a special function in the operation of a scan chain. These are to be identified
ising the DataType statement in CTL for all the test modes required for the associated corppliance
evel.

The correspondence between-the WBR cells and the core terminals is identified within the ¢ TL that
hccompanies the wrappéd core.

PDigital terminals that do not have wrapper cells will be explicitly stated.

While more data types may have active states associated with them, the ones listed in this|rule are
Fequired to be specified.

[t is important to know if certain terminals need to always be at a specific value at the start jof every
migrated test, and this is the mechanism used to provide this information.

17.3 Test pattern information rules

The rules in this subclause pertain to requirements placed on the test patterns for the core.

17.3.1 Specifications

Rules

a)

b)

All test patterns shall be supplied using the IEEE P1450.6 (CTL) format, without making use of the
Foreign pattern construct.

All WSC-related critical timing relationships and other design-specific critical timing relationships
shall be specified in the CTL DriveRequirements and StrobeRequirements blocks.
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¢)

d)

f)

g)

h)

Test patterns shall contain test protocols (Macro or Procedure blocks) in CTL so that the protocol

does not assume that consecutive test patterns are (scan) overlapped.

Patterns used to initialize a test mode shall be separated from the test data patterns and identified as

such using the EstablishMode keyword.

Any terminal that is not included in the supplied test pattern shall not affect the test result.

Values on terminals that are exempted from having WBR cells by IEEE Std 1500, with the excep-

tion of clocks and test signals, shall not affect the test results.

There shall be a sufficient set of patterns supplied with the core to validate every test protocol

(Macro and Procedure blocks) provided in the CTL.

Provided that the full internal test pattern set is not supplied with the core (to the core integrator), the

ise during production test.

Recommendations

D)

)

17.3.2

Here is

a)

b)

¢)

Fault grading results for all internal patterns and/or pattern-bursts should be proyided in CTI}
ng the total number of faults, the number of faults detected, the number’ of Tedundant fa
humber of automatic test pattern generation (ATPG) untestable faults;~and the number of
ested faults.

[iming information in the CTL DriveRequirements and StrobéRequirements blocks sl
kpecified with acceptable margin to allow maximum flexibility for event placement.

Description

he reasoning behind the test pattern information rules:

The only acceptable format for test patterns will be the format defined by IEEE P1450.4
While other test pattern formats may be acteptable for certain tools, only IEEE P1450.6
will be allowed for an IEEE 1500 core.

However, just saying “use CTL is tot sufficient for ensuring interoperability. CTL allow
handling of legacy cores and théir‘associated test patterns through the Foreign construct. W
Foreign construct can utilize the CTL infrastructure for scenarios that are not associated
Feuse needs for core test-pattern integration in an embedded environment, the Foreign con
Festricted by IEEE Std 1500 because of the test pattern reuse requirement. Patterns described
without the Foreign eonstruct have properties such as data-protocol separation that are cr
pbattern mapping.tasks. The Foreign construct allows for patterns to be supplied in private
waveform generation language (WGL), or STIL syntax, which do not separate data and
nformation) Thus, it is disallowed for IEEE 1500 cores.

PDriveRequirements and StrobeRequirements are CTL constructs for specifying timing
bhips between the pins of wrapped or unwrapped cores. These must be provided to ensur

romptetepattersetstatt-bemmadeavattabte-to-thedevice/chipmmanufacturer ortestimgcompany to

includ-
ults, the
possibly

jould be

(CTL).
patterns

5 for the
‘hile the
Wwith the
struct is
in CTL
tical for
formats,
protocol

Felation-
b proper

o oneration-bicthe coreintearatar Subelanca 2092 chavwe pcanga ovamnlac oftho Neiva
£-0p Y-+ teEFatoF—H —=5HOWS £ ;: ¢ A

ments and StrobeRequirements constructs.

equire-

CTL requires that the data and protocol be separated. Any test pattern will use a protocol that is
defined in a Macro or Procedure blocks and identified with a purpose of DoTest or DoTestOver-
lapped. CTL allows for test protocols to come in both “flavors.” However, when unwrapped cores

are provided with DoTestOverlapped patterns, the test pattern data that use the protocol

need to

have redundant parameters to allow for serialization of the parallel values in a DoTestOverlapped

environment. Although this solution works in CTL, this is not a very streamlined approach.

The problem of overlapped tests may not be fully apparent, so the following example is provided to

illustrate why overlapping of test is undesirable:

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



https://iecnorm.com/api/?name=77732923da1806ed0cdade78a9474c1c

d)

2

h)

~88- IEC 62528:2007(E)
IEEE 1500-2005(E)

Suppose an unwrapped core has three patterns that are overlapped. The core contains one scan chain
and has three parallel inputs (a, b, and c¢) and three parallel outputs (x, y, and z). The CTL pattern
data might look as follows when the patterns are overlapped:

//Overlapped patterns for unwrapped core
//Note: the data values encode the pattern number for convenience in this example.

Pattern overlapped 3 {

P { si=001; so=xxx; abc=001; xyz=001; }
P {si=010; s0=001; abc=010; xyz=010; }
P {si=011; so=010; abc=011; xyz=011; }
P { si=000; so=011; abc=000; xyz=xxx; }

[n the above example, parallel stimulus and response data appear together—withinthe Macro appli-
Cation that is associated with that test. Note that the stimulus data are not significant on the final
pverlapped test, but the STIL syntax does not allow for stimulus of x.

When the patterns are modified to account for the wrapping of the core, the parallel data wil| have to
be converted to scan data since these data are now applied througlithe wrapper chain. With this, data
hat were expected on xyz during the load of pattern numbepn in’the unwrapped core patt¢rns will
hppear during the load of pattern number n + 1. This requixes the unwrapped core patterhs to be
modified after wrapping and to look as follows:

/Overlapped patterns for wrapped core

Pattern overlapped 3 {

P { 5si=001; so=xxx; abc=001; Xyz=xxX;. }
P { si=010; s0=001; abc=010; xyz=0015}
P { si=011; s0=010; abc=011; xyz=010; }
P { si=000; so=011; abc=000; xyz=011; }

[n order to avoid this manipulation of the patterns and provide more flexibility during trapslation,
batterns are required without overlapping.

Separating out the'test setup patterns allows the core integrator to merge the setup patterns for multi-
ble cores to ensure that all such cores being tested in parallel will enter their respective tedt modes
brior to the application of any tests to any of the cores.

[f the-test pattern associated to a wrapped or unwrapped core does not include some core tgrminals,
he’values on these terminals shall not change the test result.

H-theTe TS ome or TIoTe ToTe terTmimats that do ot rave wrapper cetts tperiaps-because these termi-

nals are analog inputs) and do not serve a test function as do clocks or scan enable terminals, the test
patterns shall not presume any specific values on these pins because it is not possible to ensure that
such values can be applied on these pins. Without the control provided by the IEEE 1500 wrapper
mechanism, an unwrapped I/O must be assumed to be at an unknown state.

It is important for verification purposes that every migrated pattern work. Since test migration is
effectively done by migrating/modifying the protocols without modifying the pattern data, the main
tasks needing verification are the updated/migrated protocols.

Full pattern sets must eventually be accessible for production test.

Core users want to be able to determine the overall chip test coverage. To be able to compute this
they will need to combine the fault counts for all of the cores and the surrounding
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application-specific integrated circuit (ASIC) logic. Also, if they cannot apply all of the test patterns
for whatever reason, it is important that they be able to know the effect on test coverage if certain
tests are dropped.

j)  Because of the generally unknown amount of delay in paths between the chip I/O pins and the inter-
nal core pins, it may be difficult to meet very strict timing requirements on test patterns for the core
when they are migrated out to the chip pins. Cores can be provided with information that selects a
certain working timing for the operations possible on it. An integrator can only try to achieve all the
timing specification as depicted by the instance of the timing that is selected for the events. In real-
ity, the core may have some rigid requirements and some flexibility in the timing. This should be

shown in the information for the system integrator to successfully incorporate the core for

poses of test.

the pur-

18. Cq

pmpliance definitions specific to unwrapped cores

18.1 General rules

The rulg
stood pi
P1450.6

18.1.1

Rules

a)

b)

©)
d)

e)

s in this subclause pertain to any test logic within the unwrapped cores.that will need to b|
ior to attempting to add or complete the wrapping of the core. Wordsvin bold represent CT
keywords.

Bpecifications

A1l core terminals assigned to share functionaldegisters with the IEEE 1500 wrapper shal
vided with a complete WBR cell, which includes the functional registers.

All core terminals that cannot be wrapped without logical modification to the unwrapped c
have a WBR cell built into the core,

Full control of any embedded WBR(s) shall be provided from core terminals.

prty statement as follows:
Kigname {
[nputProperty.ScanStable;

CTL.

e under-
[. IEEE

be pro-

bre shall

[f the state of the core religs ¢n the stability of certain core input terminals during the sdan Shift
bperation of the embedded environment, this information shall be specified using the InputProp-

[f the core provider determines the state of the core environment relies on stability of cerfain core
putput terminals during the internal test operation of the core, this information shall be spegified in

f)

VCTY COTC SHall COIME WillT at 1east ONc dCIIMITioN Of an (MieImat et mode 10T e core im T

18.1.2 Description

Here is the reasoning behind the test logic information rules:

L.

a) A functional I/O register can be reused as part of a WBR cell provided that the full WBR cell is

b)

implemented within the core.

Since it is not feasible to change the logic already built into a hard core or a black-box
unwrapped version shall have WBR cells built in to be compliant with this standard. For ex

core, its
ample, a

core output driven by a tristate driver should have wrapper cells on both the data and enable inputs
to the tristate driver. A wrapper cell cannot be added to the output of a tristate driver.
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The existing WBR shall be fully controllable from the core’s terminals so that it can be inc
part of the core WBR when the core is wrapped with a IEEE 1500 wrapper.

luded as

If the test patterns for the core depend on certain terminals remaining stable during scan operations

for the wrapper and in any logic surrounding the core, the core integrator needs to know this

because

it has implications on how the embedded core is connected to the TAM. The input property

ScanStable specifies this requirement.

e) Any signal made stable to prevent damaging effect on other signals must be described using this

18.2P

The rul

wrapped.

18.2.1 §

Rules

a)

18.2.2

Here is

a)

The tern

18.3 A

statement. This would be identified by the following:
signame {

OutputProperty ScanStable;

DisableState ExpectOff;

sDi1sabledby Vlacro scan_macro_name

At least one core internal test mode must be fully defined in CTL so that test patteras for te
Core itself can be migrated to the SoC for that test mode.

pr-terminal rules

s in this subclause pertain to core interface terminals that require“wrapping or that are|

Bpecifications

The preferred wrapper cell type for every corg\ferminal that is to be wrapped shall be desq
CTL using the ConnectTo wrapper statement.

Description

he reasoning behind the per-terminal rules:

For a wrapper to be automatically created for an unwrapped core, information must be pro
help the wrapper generator understand which type of wrapper cell should be used for each p
core. The External block in the CTL construct used to specify this information as follows:
signal name {

ConnectTo{

Wrapper IEEE 1500 CellID cell_enum;

i

h cell~enum represents a WBR cell name as defined in 12.6.

ting the

already

ribed in

vided to
in of the

dditional test information rules

18.3.1 Specifications

Rules

a)  Any existing quiet or powered-down mode shall be defined in CTL using the TestMode keyword.

Recommendations

b) If a safe mode exists, its associated safe values shall be described in CTL using the following con-

struct: DataType data_type {ActiveState active state;}.
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18.3.2 Description

Here is the reasoning behind the additional test information rules:

a)  In order to perform Ipp testing for the SoC, it is important to ensure there are no high-current con-
ditions within the design. Each embedded core should be placed into a quiet mode to minimize cur-
rent drain during such testing. By specifying a quiet test mode, this simplifies the Ippg test
generation process for the core integrator. Not providing a quiet mode definition may result in the
core being placed into a state that consumes more current than would otherwise be necessary.

b) It is important that no damage be done to a core while testing of other cores or surrounding logic is
being performed. To ensure this damage cannot happen, a core safe state should be defined (even for
cores that have no unsafe states).

19. Compliance definitions specific to wrapped cores

19.1 General rules

The rulgs in this subclause apply to all IEEE 1500 wrapped cores and are not.specific to individugl termi-
nals. Words in bold represent CTL (IEEE P1450.6) keywords.

19.1.1 Bpecifications

Rules

a) [EEE 1500 wrapper architecture and operation shallbe compliant to all IEEE 1500 hardwjre rules
Hescribed in this standard.

b) [The information related to the length of the WIR, implemented public instructions, and thefir corre-
kponding opcodes shall be provided in GTE:

) The WIR is to be defined using the ScanStructure construct.
D) The scan cells composing the WIR are to be identified using the ScanDataType constfuct.

B)  The protocol operating the’\WIR is to be defined as Instruction using the Purpose conptruct.
1) Instructions and theiropcodes are to be defined using the TestModeForWrapper construct.
c¢) AN IEEE 1500 wrapper.terminals shall be described in CTL.

d) Available informdtion about the safe state of input and output terminals shall be provided fof all pos-
Bible test operating modes.

Recommendations

e) [The numiber of (tester) cycles needed to execute the test patterns should be specified for all| the pat-
etns/of the core.

19.1.2 Description

Here is the reasoning behind the general rules for wrapped cores:

a)  This rule reiterates that all of the wrapper logic must conform to the requirements and behaviors of
the IEEE 1500 wrapper architecture as described in other clauses of this standard.

b)  All wrapper-supported public instructions must be defined and described using CTL in order to
ensure they can be utilized by standard software. Because instructions are considered test modes in
CTL, the TestModeForWrapper construct is to be used to define instructions.

c)  All wrapper pins must be described accurately in CTL in order for standard software to understand
how to integrate the core into surrounding logic. Since the netlist for the wrapper may not be
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provided, accurate descriptions of all wrapped pins are necessary in order for software to understand
how to test the logic connected to each wrapped pin.

d) In order for the core integrator to know how to prevent unwanted conflicts from occurring during
test, it is important to note the safe state values required on core/wrapper terminals.

e) The ability to schedule pattern application tasks on the SoC relies on this information being pro-
vided. Without this information, optimized scheduling of the tests would be difficult.

19.2 Per-terminal rules

The rule

s in this subclause pertain to specific external interface terminals of the wrapped core.

19.2.1

Rules

a)

19.2.2

Here is

a)

19.3 W
19.3.1 3

Rules

Recomn
b)

Bpecifications

A1l IEEE 1500 terminals that are used to operate the wrapper shall be identified’with the fi
Statement:

Bigname {

Wrapper IEEE1500 PinID pin_type;

Description

he reasoning behind the per-terminal rules:

By specifying explicitly the function of special IEEE 1500 wrapper control terminals, thg
Fequirement that these terminals need to have specific pin names at the wrapped core bound;
pbin_type field is expected to be a member ofithe WSP terminal list described in 8.1.2.

rapper protocol information:rules
Bpecifications

The protocol that Operates the WIR through a scan operation to establish the test mode is reg
Ghift values into\all state elements of the WIR.

hendations
The Capture, Shift, and Update events of the protocol that operates the WIR should be ider]

llowing

re is no
ary. The

uired to

tified in

CTL Afor the wrapped core using the Identifiers syntax or as a purpose of the protocol.

19.3.2 Description

Here is the reasoning behind the wrapper protocol information rules:

a) Partial loads of the WIR are disallowed as they cause problems when multiple cores are integrated.
A typical integration step would daisy-chain all the WIRs into a single scan chain. If the protocol
that operates the WIRs does not shift the complete daisy-chained set of WIRs, the synchronized scan
operation to establish the modes of the top-level scan chain of the SoC may not work.

b) A typical integration of wrapped cores would daisy-chain the WIRs of all the wrapped cores. To
allow for this form of connection, the activities of the WIRs need to be synchronized. Since there is
only one possible protocol at this time, this is a recommended practice.
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20. IEEE 1500 application

This clause is informative only. Words in bold represent CTL (IEEE P1450.6) keywords.

20.1 CTL (IEEE P1450.6) overview

IEEE P1450.6 defines the CTL. A CTL description of an IEEE 1500 wrapper is required, so a brief over-
view of CTL is included in IEEE Std 1500 to explain the pertinent connection between the two standards.

CTL is a language for capturing and expressing test-related information for reusable cores, which is meant
to co-exist with and complement information expressed as a netlist. It is utilized to describe IEEE 1500
wrapperp. Test information about a core can be captured in CTL so that the SoC integrator or au‘Emation

tools caf successfully create a complete test for the SoC. Using the CTL description of a core, d wrapper can
be consfructed, and the appropriate TAM can be determined based on the test constraints’in the CTL
descriptjon. Once all the structures are in place, the test patterns that are also a part of the,CTL de§cription
can be tfanslated from the core boundary to the SoC boundary. CTL is the language to-support all the infor-
mation that the core provider needs to give the system integrator so that the latter ‘can successfully test the
embeddgd core and any UDL around the core. This language is broad enough-to-describe cores on which
IEEE 1300 wrappers are to be implemented, IEEE 1500 wrapped cores, their different test methodologies,
and the flifferent ways in which they are integrated in the SoC.

One of the most important requirements for CTL is that the patterns;which contain the bulk of the fata, are
reusablg without any modification whatsoever. This is accomplishied by creating patterns using protocol
statemefits (P statements) as opposed to vector statements (V Jstatements) as used in traditional STIL (IEEE
Std 1450). This allows the vector application protocol to be modified by the core integrator in an exgleditious
manner.| Each pattern is identified by its intended purposg-and associated test mode, so that a test gynthesis
tool can|select and reorder as desired, again, without actually having to adjust the bulk pattern data.

CTL is hoth human and computer readable, as is.STIL. Hence, it can be utilized for documentation purposes,
as well s for driving chip test integration togls.

Every mode of the core can have a“mechanism to initialize the mode. The initialization sequepces are
describgd in CTL on a per-mode basis. Some modes of the core contain test patterns with their associated
timing ipformation, constraints,‘and statistics. Some modes contain structural information so that the struc-
ture can|be used to create pdtterns at another level of integration of the design. CTL is designed to describe
all thesd needs of different modes of the core. For any given test mode of a core, typically only a qubset of
the full CTL syntax will\bé required to adequately describe the attributes of the mode.

At the basic level;-Signals and SignalGroups are defined with their attributes. The following text pxplains
CTL keywords, For complete definitions, refer to IEEE P1450.6.

Signals:-Thisbtockdefimeseachof thesigmat-mamesof the core—Attributes Tam beattachedtosignals for
additional information, e.g., ScanIn and ScanOut length, indicating the length of the scan chain connected
to the signal.

SignalGroups: Signals can be clustered into signal groups. Also here attributes can be attached. A signal
can occur in multiple signal groups, each time having different attributes.

Timing: Each parallel or scan vector in a pattern macro has an associated timing block to define the wave-
form and corresponding timing on each signal.

Pattern: This block contains the parallel and scan data for testing the core. Since pattern data are typically
the bulk of the CTL file, they are often split off into a separate file.
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MacroDefs: This block contains the protocol for applying test pattern data to the core or chip. Protocols for
patterns provided with the core are written at the core boundary. Once integrated, this protocol is expanded
to the chip level. The actual patterns are not changed in this process so they still reference the same macro

name, but in fact a new, expanded macro definition has replaced the core-level definition.

PatternBurst: This collection of patterns represents a schedule and they are to be executed on the core. Pat-

terns can be run serially or in parallel.

ScanStructures: This block can be used to describe in detail the internal scan chains of a core. In addition to
the scan-in and scan-out port, a list of scan cells and clocking information is specified using the

ScanStructures block.

Environment: This block is the top-level construct in CTL and is used to define the test modes for
Informafion in each test mode is categorized in subblocks such as the Internal, Extern
Pattern[nformation blocks.

Interna]: This block is used to describe the internal characteristics of the core signals; This inforn
provided to allow the core integrator to know the pertinent test information for(gach terminal of
without needing full access to the design information. Examples of this information include wrapj
timing accuracy required, and electrical characteristics such as analog or digital.

he core.
al, and

hation is
the core

er type,

Externgl: This block is used to describe the external characteristicsshat are expected from the perspective

of the dore boundary. Examples include connect to chip pins_(input, output, bidirectional), co
another phamed core, and connect to TAM, and connect to UDL.

Patternnformation: This block defines the purpose of each of the test patterns provided and the tg

necessaty for the execution of each pattern. Other inforration like the fault model used and achieve
age can plso be given.

20.2 IHEE 1500 examples

A core and wrapper are depicted in Figure 41. Note that, whereas this figure shows some implem

hnect to

st mode
d cover-

entation

details, |[EEE Std 1500 defines only ‘the behavior of the wrapper and leaves the implementation open. In this

particuldr example, the wrapperean connect Core A both to a serial TAM, via WSI and WSO, as w
a 3 bit farallel TAM, via WP0:2] and WPOJ[0:2]. There are six instructions that are described by
ures in this subclause, supporting normal mode and test modes with connections to either serial of
TAMs. Mode setting through the WIR actually means setting the controls of the wrapper’s multipl
Figure 41, the multiplexers that do occur in the wrapper are named m1, m2, ... ,m12. The dark circ]
multiplgxers show.which path is enabled if the multiplexer control signal is set to 1.

ell as to
the fig-
parallel
pxers. In
es in the
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Figure 41-~Example Core A and its IEEE 1500 wrapper
Table 7 [lists the six instructions and the corresponding multiplexer settings they cause.
Table 7—Instruction decoding for multiplexer for the wrapper of Core A
Multiplexer settings
Mode¢ frstructiom—Oprode
ml m2 m3 m4 mS mé m7 m8 m9 ml0 mll ml2
Normal WS BYPASS 0000 X X X X X X X X X 1 0
Serial WS BYPASS 0000 X X X X X X X X X 1 0
bypass
Serial WS INTEST 1010 1 1 1 1 1 0 0 0 X X 0 0
intest SCAN
Serial WS _EXTEST 1001 1 1 1 X X 1 0 0 X X 0 0
extest
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Table 7—Instruction decoding for multiplexer for the wrapper of Core A (continued)

WS_INTEST SCAN, and WS_EXTEST.

20.2.1 WS_INTEST_SCAN

Multiplexer settings
Mode Instruction Opcode
ml m2 m3 m4 m5 mé m7 m8 m9 ml10 mll mi2
Parallel WP_INTEST 1110 0 1 1 0 0 1 0 0 0 0 X X
intest
Parallel WP_EXTEST 1101 0 0 0 X X 1 1 1 1 1 X X
extest
A partic-
YPASS,

Figure 42 depicts the wrapper in its serial internal test mode in which the wrapper-and internal scah chains

are condatenated into one long scan chain. Following Figure 42 is the CTL €ode that describes the
ation and test for this. It is anticipated that the user will refer to IEEE'P1450.6 for details on

construdts shown in the code.

wrapper
the CTL

WPI[0:2] WPO[0:2]

d[o]

d[1] q[0]
d[2]

| q[1]
d{3]

d[4] ql2]
clk

WSI

Wrapper

SelectWIR

WSO

WSC

Figure 42—Serial intest mode using WS_INTEST_SCAN
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STIL 1.0 {
Design A-26-2003;
CTL 2004;
Header ({
Title "Serial Intest";
Date "2004";
}
Signals

WSI In {DefaultState N;}

se In {DefaultState D;}

clk In {DefaultState D;}
d[0..4] In {DefaultState N;}
WPI[0..2] In {DefaultState N;}

WPO[0..2] Out;

gl0..2] out;

WSO Out;

WRSTN In {DefaultState U;}
SelectWIR In {DefaultState D;}
CaptureWR In {DefaultState D;}
ShiftWR In {DefaultState D;}
UpdateWR In {DefaultState D;}
WRCK In {DefaultState D;}

}
SignalGroups
si ml23 = '"WSI' {ScanIn 22;}
si wir = 'WSI' {ScanIn 4;}
so_wir = 'WSO' {ScanOut 4;}
so ml23 = 'WSO'{ScanOut 22;}
} wsp[0..5] = 'WRSTN+SelectWIR+CaptureWR+ShiftWR+UpdateWR+WRCK

Varialples

SignalVariable si[0..1];
SignalVariable so[0..1];
SignalVariable instruction\{0..3];

}

ScanStructures {

ScanChain wir chaigm
ScanLength 4;
ScanIn WSIy
ScanOuty"wWso;
ScanCgl}¥s wcell[0..3];
ScanMasterClock WRCK;

Timing
WaveformTable default WFT {

Period '100ns’';
Waveforms {
'wsp[0..5]+WPI[0..2]+d[0..4]+clk+se+WSI"
01X {'5ns' D/U/N;}

"clk+WRCK' {
P {'Ons' D; '45ns' U; '55ns' D;}

"WPO[0..2]+q[0..2]+WSO" {
01X {'Ons' X; '95ns' L/H/X;}
}
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MacroDefs

setup intest
W default WFT;
V {WRSTN=0;}
V {wsp[0..5] = 110100;}
C {instruction=#;}
Shift {Vv {si wir= \W instruction[0..3]; WRCK=P;}}
V {si wir=X; WRCK=0; ShiftWR=0; UpdateWR=1;}
V {WRCK=P;}
V {WRCK = 0; SelectWIR=0; UpdateWR = 0;}

do_intest {
W default WFT;
C {se=1; ShiftWR=1; si=#; so=#;}

}

Pattel

}

Pattel

}

Envir

Shift {Vv {si m123= \W si[1] \W si[0] \W d[0..4];
clk=P; WRCK=P;}}

V {WRCK=P; ShiftWR=0; UpdateWR=1;}

V {clk=0; WRCK=0; se=0; CaptureWR=1; ShiftWR=07)}

V {clk=P; WRCK=P;}

V {CaptureWR=0; clk=0; WRCK=0;}

C {se=1; ShiftWr=1;}

Shift {V {so m123= \W g[2..0] \W so[1] XW—so[0]; clk=P

WRCK=P; }}

}

FnBurst all pats {
PatList {

patl {Protocol Macro do_intest};

}

fnExec run all {
PatternBurst all pats;

nment wrapped core {

CTL serial internal_.test mode {
TestMode IntermalTest;
Compliancy JIEEE1500 2004 Wrapped;
TestModeForWrapper WS INTEST SCAN 1010;
Internah

"é{0..41+q[0..2]1+WPI[0..2]+WPO[0..2]" {
DataType Unused;}

clk {
DataType TestControl
CaptureClock ScanMasterClock
{AssumedInitialState D;}

initSerialInternalTestMode {Protocol Macro setup intest;

DriveRequirements

TimingSensitive {
Period Min '50ns';
Pulse High Min '1l0ns';

}

——

se {DataType TestControl ScanEnable {ActiveState U;}

DriveRequirements
TimingSensitive {
Reference clk {
ReferencekEdge Leading;
Setup 'Sns'; Hold '5Gns';
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}

si ml23 {DataType TestData ScanDataln
{ScanDataType Boundary Internal;}

DriveRequirements
TimingSensitive {
Reference WRCK ({
ReferenceEdge Leading;

Setup 'Sns'; Hold '5ns';

}

so_ml23 {DataType TestData ScanDataOut
{ScanDataType Boundary Interndl;}

StrobeRequirements {
TimingSensitive {

Reference WRCK {
ReferenceEdge Trailing;

EarliestTimevValid 'Sns';

}

}
LaunchClock WRCK {TailingEdge; }

}

WRSTN {
Wrapper IEEE1500 PinID WRSTN;
DataType. Asynchronous TestControl Reset {

ActiveState D;
AssumedInitialState U;

}

SelectWiR {
Wrapper IEEE1500 PinID SelectWIR;

DataType TestControl TestWrapperControl;

}

CaptureWR {
Wrapper IEEE1500 PinID CaptureWR;

DataType TestControl
ActiveState Uj;

}

ShiftWR {
Wrapper IEEE1500 PinID ShiftWR;
DataType TestControl ScanEnable

ActiveState U;

}

UpdateWR
Wrapper IEEE1500 PinID UpdateWR;

DataType TestControl
ActiveState Uj;

WRCK {
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Wrapper IEEE1500 PinID WRCK;
DataType TestClock ScanMasterClock
AssumedInitialState D;

DriveRequirements
TimingSensitive {
Period Min '50ns';
Pulse High Min '1lO0ns';

}

}
}

External |
'clk+se+wsp[0..5]' {ConnectTo {DataType In;}}
WSI {ConnectTo {DataType In;}
ConnectTo {Wrapper IEEE1500 PinID WSQ;V}
WSO {ConnectTo {DataType Out;}
ConnectTo {Wrapper IEEE1500 PinI®DVWSI;}}
}
PatternInformation ({
PatternExec run all {
Purpose Production;
PatternBurst all pats;
Fault
Type StuckAt;
FaultCount 1092;
FaultsDetected 999;
}
}
Pattern initSeriallInternalTestMode {
Purpose EgtablishMode;
}

Macro setup.@ntest {
Purpose ModeControl;
UgeByPattern EstablishMode;
Macro .do intest {
Purpose DoTest;

inifSerialInternalTestMode {
{d4nstruction[0..3]1=1010;}

}
}
Pattern
P,
}
Pattern
P
P
P
P
P
}

{d[0..41=00000; si[0]=111000; si[l]=llllOOOO
s0[0]1=001X11; s0[1]=111100X1; glO. =001;}
{d[0..41=01101; si[0]=011010; 51[1]_01011101
s0[0]=1100X1; s0[1]=10110000; g[oO. =110; }
{d[0..4]1=11001; si[0]=110010; s1[1]_00011100
s0[0]1=010001; s0[1]=1X110100; glO. =00X; }
{d[0..41=01010; si[0]1=001101; 51[1]_10011101
50[0]=11X000; so[1]=101110XX; gl[O. =011;}
{dl0..41=01111; si[01=010001; 51[1]_10101101
so[0]=0X1111; so[1]=00001X10; g[0..2]=000;}
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20.2.2 WE_BYPASS

Note that both the multiplexer settings in Table 7 AND the highlighted active wires in Figure 43 show that
the functional and serial bypass modes are nonconflicting and hence can be established by one combined
instruction, WS_BYPASS. Following Figure 43 is the CTL code that describes the wrapper configuration
and test.

scan chain 0 (6 FFs

WPI[0FZ] [ scan chain 1 (8 FFs) | WPOI[0:2] A
”| P
a) No ’(Jﬁode:
d ql] WS BYPASS
a Y
ql1] O

d Q\\Q/

d ql2] 2 @)

¢ QO

3
w WSO
Wrapper
[_scan chain 0 (6 FFs) |
WPI[0 2] |/ sean chain I (8 FFs WPO[OZ]
djo]
b) Bypass mode:
d[1] q[0] WS_BYPASS
d|2]
N ql1]

d[3]

d[4] q[2]

clk

se
WSI WSO
SelectWIR

Figure 43—WS_BYPASS configuration
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STIL 1.0 {
Design A-26-2003;
CTL 2004;
Header ({
Title "Bypass Mode - WS_BYPASS";
Date "2004";
Signals {

WSI In {DefaultState N;}
se In {DefaultState D;}
clk In {DefaultState D;}
dfo..4] In {DefaultState N;}

IEC 62528:2007(E)
IEEE 1500-2005(E)

WPI[0..2] In {DefaultState N;}
WPO[0..2] Out;

ql0..2] Out;

WSO Out;

WRSTN In {DefaultState U;}
SelectWIR In {DefaultState D;}
CaptureWR In {DefaultState D;}
ShiftWR In {DefaultState D;}
UpdateWR In {DefaultState D;}
WRCK In {DefaultState D;}

SignalGroups

Varialples

}

Macrobefs bypass mode macros
operateScanChain {

W default WFT;

C {ShiftWR=1; .WREK=0;}

Shift {v {wsZ=#; WSO=#; WRCK=P;}}

SignalVariable instruction([0..3];

}

ScanSfuctures bypassimode chains {
ScanChain bypassChain {
Scanln~WSI;
Scand®ut WSO;
S¢anLength 1;
ScanCells cO;
ScanMasterClock WRCK;

}
}

si byp = 'WSI' {ScanIn 1;}
si wir = 'WSI' {ScanIn 4;}
so byp = 'WSO'{ScanOut 1}
wsp[0..5] = 'WRSTN+SelectWIR+CaptureWR+ShiftWR+UpdateWR+WRCK]| ;

ScanStructures {
ScanChain wir chain
ScanLength 4;
ScanIn WSI;
ScanOut WSO;
ScanCells wcell[0..3];
ScanMasterClock WRCK;

Timing {
WaveformTable default WET (
Period '100ns';
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