IEEE SA

STANDARDS
ASSOCIATION

IEEE Standard for Reduced-Pin and
Enhanced-Functionality Test Access
Port and Boundary-Scan Architecture

IEEE Computer Society

ISTANDARDS |..w

Developed by the
Test Technology Standards Committee

IEEE Std 1149.7™-2022
(Revision of IEEE Std 1149.7™-2009)

@IEEE Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 10:47:46 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1149.7-2022


http://www.avadocuments.com/doc/ieee-1149-7-2022
http://www.avadocuments.com/doc/ieee-1149-7-2022

IEEE Std 1149.7™-2022
(Revision of IEEE Std 1149.7-2009)

IEEE Standard for Reduced-Pin and
Enhanced-Functionality Test Access
Port and Boundary-Scan Architecture

Developed by the

Test Technology Standards Committee
of the
IEEE Computer Society

Approved 16 June 2022
IEEE SA Standards Board

Documents
Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 10:47:46 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1149.7-2022


http://www.avadocuments.com/doc/ieee-1149-7-2022
http://www.avadocuments.com/doc/ieee-1149-7-2022

This is a Redline document
produced by Accuris.

Redlines are designed to save time and improve productivity by using the latest
software technology to find and highlight document changes from one edition to
the next. It includes a full-text version of the new document, plus an indication
of changes from the previous version.

Because it may not be technically possible to capture all changes accurately, it is
recommended that users consult previous editions as appropriate. In all cases,
only the current base version of this publication is to be considered the official
document. This Redline is produced solely by Accuris. The publisher has not
prepared this Redline and is not responsible for its accuracy.

Contact:
https://store.accuristech.com/pages/contact.html

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 10:47:46 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1149.7-2022


https://www.techstreet.com/pages/home
mailto:store@techstreet.com
https://store.accuristech.com/pages/contact.html
http://www.avadocuments.com/doc/ieee-1149-7-2022
http://www.avadocuments.com/doc/ieee-1149-7-2022

Redline Processing Notes:

1. Red-Fext - Red strikethrough text denotes deletions.

2. Blue Text - Blue underlined text denotes modifications and additions.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 10:47:46 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1149.7-2022


http://www.avadocuments.com/doc/ieee-1149-7-2022
http://www.avadocuments.com/doc/ieee-1149-7-2022

Abstract: Circuitry that may be added to an integrated circuit to provide access to on-chip Test
Access Ports (TAPs) specified by IEEE Std 1149.1™ is described in this standard. The circuitry
uses |IEEE Std 1149.1 as its foundation, providing complete backward compatibility, while
aggressively adding features to support test and applications debug. It defines six classes of
IEEE 1149.7 Test Access Ports (TAP.7s), TO to T5, with each class providing incremental
capability, building on that of the lower level classes. Class TO provides the behavior specified by
1149.1 from startup when there are multiple on-chip TAPs. Class T1 adds common debug
functions and features to minimize power consumption. Class T2 adds operating modes that
maximize scan performance. It also provides an optional hot-connection capability to prevent
system corruption when a connection is made to a powered system. Class T3 supports operation
in either a four-wire Series or Star Scan Topology. Class T4 provides for communication with
either a two-pin or four-pin interface. The two-pin operation serializes IEEE 1149.1 transactions
and provides for higher Test Clock rates. Class T5 adds the ability to perform data transfers
concurrently with scan, supports utilization of functions other than scan, and provides control of
TAP.7 pins to custom debug technologies in a manner that ensures current and future
interoperability.

Keywords: 2-pin, 2-wire, 4-pin, 4-wire, Advanced Protocol, Advanced Protocol Unit, APU,
Background Data Transfer, background data transport, BDX, boundary scan, BSDL, BSDL.1,
BSDL.7, BYPASS, Capture-IR, CDX, Chip-Level TAP Controller, CID, Class T0, Class T1, Class
T2, Class T3, Class T4, Class T5, CLTAPC, compact JTAG, compliant behavior, compliant
operation, control level, controller address, Controller ID, Controller Identification Number, CP,
Custom Data Transfer, custom data transport, Data Register, debug interface, debug logic, debug
and test interface, DOT1, DOT7, DTI, DTS, DTT, Debug Test System, debug test target, Escape,
EOT, EPU, extended operation, Extended Protocol, EXTEST, four-pin, four-wire, HSDL, HSDL.7,
IDCODE, IEEE 1149.1™ |EEE 1149.7™ Instruction Register, JScan, JScan0, JScan1, JScan2,
JScan3, JTAG, MScan, MTCP, Multi-TAP Control Path, narrow Star Scan Topology, nTRST,
nTRST_PD, optimized scan, OScan, OScan0, OScan1, OScan2, OScan3, OScan4, OScan5,
OScan6, OScan7, Pause-DR, Pause-IR, PCO, PC1, RSU, Reset and selection unit, RTIl, Run-
Test/Idle, scan, scan DR, scan format, scan IR, Scan Packet, scan path, scan performance, scan
protocol, scan topology, series, Series Branch, Series Scan, Series Scan Topology, Series-
Equivalent Scan, Series Topology, Shift-DR, Shift-IR, SiP, Star Scan, Star Scan Topology, Star
Topology, Star-2, Star-2 Branch, Star-2 Scan, Star-2, Scan Topology, Star-4, Star-4 Branch, Star-
4 Scan, Star-4 Scan Topology, SP, SScan, SScan0, SScan1, SScan2, SScang, stall, SSD, Scan
Selection Directive, Standard Protocol, star scan, STL, System Test Logic, TAP, TAP controller,
TAP controller address, TAP selection, TAP.1, TAP.7, TAPC, TCA, TCK, TCKC, TDI, TDIC,
TDOC, TDOE, Test Access Port, test and debug, Test-Logic-Reset, TLR, TMSC, Transport
Packet, TO, TO TAP.7, T1, T1 TAP.7, T2, T2 TAP.7, T3, T3 TAP.7, T4, T4 TAP.7, T4(N), T4(N)
TAP.7, T4(W), T4(W) TAP.7, T5, T5 TAP.7, T5(N), T5(N) TAP.7, T5(W), T5(W) TAP.7, TP,
two-pin, two-wire, Update-DR, Update-IR, ZBS, zero bit scan
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE Standards documents are made available for use subject to important notices and legal disclaimers.
These notices and disclaimers, or a reference to this page (https://standards.ieee.org/ipr/disclaimers.html),
appear in all standards and may be found under the heading “Important Notices and Disclaimers
Concerning IEEE Standards Documents.”

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

IEEE Standards documents are developed within IEEE Societies and subcommittees of IEEE Standards
Association (IEEE SA) Board of Governors. IEEE develops its standards through an accredited consensus
development process, which brings together volunteers representing varied viewpoints and interests to
achieve the final product. IEEE Standards are documents developed by volunteers with scientific,
academic, and industry-based expertise in technical working groups. Volunteers are not necessarily
members of IEEE or IEEE SA and participate without compensation from IEEE. While IEEE administers
the process and establishes rules to promote fairness in the consensus development process, IEEE does not
independently evaluate, test, or verify the accuracy of any of the information or the soundness of any
judgments contained in its standards.

IEEE makes no warranties or representations concerning its standards, and expressly disclaims all
warranties, express or implied, concerning this standard, including but not limited to the warranties of
merchantability, fitness for a particular purpose and non-infringement. In addition, IEEE does not warrant
or represent that the use of the material contained in its standards is free from patent infringement. IEEE
standards documents are supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. The existence of an IEEE Standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related
to the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved
and issued is subject to change brought about through developments in the state of the art and comments
received from users of the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity, nor is [IEEE undertaking to perform any duty owed by
any other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon
his or her own independent judgment in the exercise of reasonable care in any given circumstances or, as
appropriate, seek the advice of a competent professional in determining the appropriateness of a given
IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: THE
NEED TO PROCURE SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

Translations

The IEEE consensus development process involves the review of documents in English only. In the event
that an IEEE standard is translated, only the English version published by IEEE is the approved IEEE
standard.
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Official statements

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its
committees and shall not be considered to be, nor be relied upon as, a formal position of IEEE. At lectures,
symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall
make it clear that the presenter’s views should be considered the personal views of that individual rather
than the formal position of IEEE, IEEE SA, the Standards Committee, or the Working Group. Statements
made by volunteers may not represent the formal position of their employer(s) or affiliation(s).

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE or IEEE SA. However, IEEE does not provide interpretations,
consulting information, or advice pertaining to IEEE Standards documents.

Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments. Since IEEE standards represent a consensus of concerned interests, it is
important that any responses to comments and questions also receive the concurrence of a balance of
interests. For this reason, IEEE and the members of its Societies and subcommittees of the IEEE SA Board
of Governors are not able to provide an instant response to comments, or questions except in those cases
where the matter has previously been addressed. For the same reason, IEEE does not respond to
interpretation requests. Any person who would like to participate in evaluating comments or in revisions to
an IEEE standard is welcome to join the relevant IEEE working group. You can indicate interest in a
working group using the Interests tab in the Manage Profile & Interests area of the IEEE SA myProject
system.* An IEEE Account is needed to access the application.

Comments on standards should be submitted using the Contact Us form.”

Laws and regulations

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

Data privacy

Users of IEEE Standards documents should evaluate the standards for considerations of data privacy and
data ownership in the context of assessing and using the standards in compliance with applicable laws and
regulations.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under US and international copyright laws.
They are made available by IEEE and are adopted for a wide variety of both public and private uses. These
include both use, by reference, in laws and regulations, and use in private self-regulation, standardization,
and the promotion of engineering practices and methods. By making these documents available for use and

 Available at: https://development.standards.ieee.org/myproject-web/public/view.html#landing.
® Available at: https://standards.ieee.org/content/ieee-standards/en/about/contact/index.html.

4 Documents

Copyright © 2022 IEEE. All rights reserved. Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 10:47:46 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1149.7-2022


https://development.standards.ieee.org/myproject-web/public/view.html#landing
https://standards.ieee.org/content/ieee-standards/en/about/contact/index.html
http://www.avadocuments.com/doc/ieee-1149-7-2022
http://www.avadocuments.com/doc/ieee-1149-7-2022

adoption by public authorities and private users, neither IEEE nor its licensors waive any rights in
copyright to the documents.

Photocopies

Subject to payment of the appropriate licensing fees, IEEE will grant users a limited, non-exclusive license
to photocopy portions of any individual standard for company or organizational internal use or individual,
non-commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance
Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400;
https://www.copyright.com/. Permission to photocopy portions of any individual standard for educational
classroom use can also be obtained through the Copyright Clearance Center.

Updating of IEEE Standards documents

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

Every IEEE standard is subjected to review at least every 10 years. When a document is more than 10 years
old and has not undergone a revision process, it is reasonable to conclude that its contents, although still of
some value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that
they have the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended
through the issuance of amendments, corrigenda, or errata, visit IEEE Xplore or contact IEEE.© For more
information about the IEEE SA or IEEE’s standards development process, visit the IEEE SA Website.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website.® Search for standard
number and year of approval to access the web page of the published standard. Errata links are located
under the Additional Resources Details section. Errata are also available in IEEE Xplore. Users are
encouraged to periodically check for errata.

Patents

IEEE Standards are developed in compliance with the IEEE SA Patent Policy.°

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to
the existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant
has filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the
IEEE SA Website at https://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may
indicate whether the Submitter is willing or unwilling to grant licenses under patent rights without
compensation or under reasonable rates, with reasonable terms and conditions that are demonstrably free of
any unfair discrimination to applicants desiring to obtain such licenses.

¢ Available at: https://ieeexplore.ieee.org/browse/standards/collection/ieee.
d Available at: https://standards.ieee.org/standard/index.html.

¢ Available at: https://standards.ieee.org/about/sasb/patcom/materials.html.
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Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely
their own responsibility. Further information may be obtained from the IEEE Standards Association.

IMPORTANT NOTICE

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. IEEE Standards development activities
consider research and information presented to the standards development group in developing any safety
recommendations. Other information about safety practices, changes in technology or technology
implementation, or impact by peripheral systems also may be pertinent to safety considerations during
implementation of the standard. Implementers and users of IEEE Standards documents are responsible for
determining and complying with all appropriate safety, security, environmental, health, and interference
protection practices and all applicable laws and regulations.
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Introduction

This introduction is not part of IEEE Std 1149.7-2022, IEEE Standard for Reduced-Pin and Enhanced-
Functionality Test Access Port and Boundary-Scan Architecture.

This standard defines a debug and Test Access Port that provides both compatibility with IEEE Std 1149.1
and operation with as few as two pins. It complements IEEE Std 1149.1 and is not intended to replace it.
The facilities defined by the standard seek to provide a cost-effective debug and test interface solution
supporting the debug and test of applications. The standard supports the needs for application debug of
products with complex digital circuitry, applications software, and one or more central processing units
(CPUs). The interface also provides a means to instrument these applications concurrently with scan
transactions associated with the underlying IEEE 1149.1 foundation.

History of the development of this standard

The process of developing this standard began in 2004 when the Mobile Industry Processor Interface
(MIPI) Alliance Test and Debug Working Group was formed. During 2004, a standard that addressed the
needs of both test and debug was described and requirements were gathered. The emphasis was on creating
an interface that allowed standardization of access to debug and test capabilities on-chip while addressing
the needs of applications developers sharing an integrated circuit’s Test Access Port with test uses. This
interface also targeted making chips exhibit the behavior that is specified by IEEE Std 1149.1 when
multiple Test Access Ports are deployed on a single chip. It was thought that applications development
tools vendors would be a big beneficiary of this interface as common connectors providing access to the
debug and test interface would be recommended. It was felt that all of this would best be accomplished
with an interface that was compatible with chip intellectual property already utilizing
IEEE Std 1149.1.

Once the requirements gathering process was completed in 2004, the Test and Debug Working Group
turned its attention to proposals for addressing the above requirements. Both competing and
complementary proposals were submitted. The proposals were debated, and one was selected as a basis to
move forward in April 2005. A preliminary specification replaced the proposal and was reviewed inside the
MIPI Test and Debug Working Group and by the NEXUS standards body in late 2005. Since both bodies
felt the applicability of the specification was well beyond their own objectives, they both recommended
using the on-chip portions of those specifications as the basis for an IEEE standard in a joint meeting in
December 2005.

Multiple drafts of the specification were completed and reviewed from 2005 until the standard’s approval,
with the capability provided by the standard expanded along the way. Revisions in the presentation and
number of capabilities took place along the way to the standard’s unanimous approval in 2009.

As the standard was scheduled to become inactive in 2019, some of the original Working Group members
were queried and there was a general consensus that the effort should be made for revision per maintenance
policy for IEEE standards. A new PAR was created, and a new Working Group was formed.

No major additions or changes to the standard were targeted as part of the renewal effort. As such, this is
not a major update and the revised version is fully backward compatible with the original. However, the
Working Group did agree to evaluate feedback from customers of the original version in an effort to clarify
certain issues and fix potential errors.
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Changes introduced by this revision

After reviewing the feedback against the original version, the Working Group agreed to make the following
two changes to help clarify the technical content of the standard:

—  Subclause 23.7 was updated to include an explicit Specification section (23.7.2). The normative
material contained here existed in the original standard but was not called out using the formalized
method outlined in 1.12.2.

—  Subclause F.6 was added to Annex F in an effort to clarify the design issues associated with how
the K-bias requirements on TMS(C) can impact system performance. Several system design
considerations are outlined that can help minimize the impact of this problem.

In addition, several updates were made to address editorial and presentation issues. The major ones include
the following:
—  Added 1.3.

—  Updated several figures to address issues related to appearance, rendering, and avoiding the use of
color to convey meaning.

— Eliminated the use of dated references to IEEE standards.
—  Updated BSDL usage within document to IEEE Std 1149.1-2013.

—  Introduced initiator/responder as a culturally neutral alternative to describe entity relationships
previously presented in disfavored terms.
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