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Abstract: IEEE Std 1149.1™ is augmented by this standard to improve the ability for testing 
differential and/or ac-coupled interconnections between integrated circuits on circuit boards and 
systems. 
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Important Notices and Disclaimers Concerning IEEE Standards Documents 
IEEE documents are made available for use subject to important notices and legal disclaimers. These 
notices and disclaimers, or a reference to this page, appear in all standards and may be found under the 
heading “Important Notice” or “Important Notices and Disclaimers Concerning IEEE Standards 
Documents.” 

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

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are 
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards 
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a 
consensus development process, approved by the American National Standards Institute (“ANSI”), which 
brings together volunteers representing varied viewpoints and interests to achieve the final product. 
Volunteers are not necessarily members of the Institute 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 does not warrant or represent the accuracy or content of the material contained in its standards, and 
expressly disclaims all warranties (express, implied and statutory) not included in this or any other 
document relating to the standard, including, but not limited to, the warranties of: merchantability; fitness 
for a particular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness 
of material. In addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort. 
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: 
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; 
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, 
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR 
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE 
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND 
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE. 

Translations 

The IEEE consensus development process involves the review of documents in English only. In the event 
that an IEEE standard is translated, only the English version published by IEEE should be considered the 
approved IEEE standard. 
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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, or 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 his or her views should be considered the personal views of that individual rather than the 
formal position of IEEE. 

Comments on standards 

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of 
membership affiliation with IEEE. However, IEEE does not provide 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 
Standards Coordinating Committees 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 revisions to an IEEE 
standard is welcome to join the relevant IEEE working group. 

Comments on standards should be submitted to the following address: 

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

Laws and regulations 

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

Copyrights 

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

Photocopies 

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

Updating 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 ten years. When a document is more than ten 
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 the IEEE-SA Website at 
http://ieeexplore.ieee.org/xpl/standards.jsp or contact IEEE at the address listed previously. For more 
information about the IEEE SA or IEEE’s standards development process, visit the IEEE-SA Website at 
http://standards.ieee.org. 

Errata 

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

Patents 

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

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

This introduction is not part of IEEE Std 1149.6-2015, IEEE Standard for Boundary-Scan Testing of Advanced Digital 
Networks. 

History of the development of this standard 

The development of this standard was started on 21 May 2001 by an ad hoc industry Working Group called 
by Agilent Technologies1 and Cisco Systems. This group formulated this standard with the intention of 
handing it over to the IEEE for formal standardization when the underlying technology became understood. 

The group adopted as its mission: To define, document, and promote a means for designing integrated 
circuits (ICs) that support robust boundary-scan testing of boards where signal pathways make use of 
differential signaling and/or ac-coupled technologies. This technology utilizes and is compatible with the 
existing IEEE Std 1149.12. The goal is to upgrade the capabilities of IEEE Std 1149.1 to maintain the rapid 
and accurate detection and diagnosis of interconnection defects in boards and systems despite the fault-
masking effects of differential signaling and the dc blocking effects of ac-coupled signaling. 

The group first referred to itself as the “AC EXTEST” Working Group, but has since expanded its charter 
to consider topics now called “Advanced I/O.” 

Changes introduced by this revision 

A summary of the changes includes the following: 

 Deletion of Annex E content 

 Changes driven by the 2013 update to IEEE Std 1149.1 

 Added new level-detection behavior to the test receiver for ac-coupled channels 

 Documentation of driver and test receiver analog parameters, including documenting 
programmability of those parameters 

 Programmability of coupling capacitor shunts 

 Documentation of non-compliance of certain pins to EXTEST_PULSE performance 

 Addition of Procedure Description Language (PDL) routines for documenting the procedures to 
access programmable analog parameters 

 IP Package support in Boundary-Scan Description Language (BSDL) 

 New “AC” boundary register cell designs 

 
This revision affirms what has been required from the previous version, and products that conform to the 
previous version are still compliant with this revision. There is one deletion: Annex E (informative) 
proposed an “Initialize” instruction. This topic has since been subsumed into IEEE Std 1149.1-2013. 

Many of the changes found in this revision are in response to the major revision of the underlying IEEE 
1149.1 standard that was released in 2013. This standard introduced new concepts, such as segmented data 
registers, the initialization data register, and register descriptions. These concepts, once adopted in new ICs, 

1 Now called Keysight Technologies. 
2 Information on references can be found in Clause 2. 

vii 
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will materially affect the design, and subsequent description in BSDL, for those devices that are to conform 
to this standard.  

There are also changes that come from industry commentary and usage practices developed over the past 
decade. A known problem exists in the 2003 version of this standard for level-sensitive behavior when 
using the EXTEST instruction defined in IEEE Std 1149.1. Simply, in some cases it is impossible to ensure 
compatible drive and receive voltage levels. When a channel is guaranteed to be ac-coupled, and the only 
use for the EXTEST instruction is to detect a shorted capacitor, there is a new behavior defined that 
essentially performs a simple but robust continuity check. See option 2) of rule a) in 6.2.2.1. 

A significant addition provided by this revision is the ability to provide for (and describe) variable, 
programmable parameters such as threshold and common mode voltages. This will assist the users of test 
generation and diagnosis tools in creating and debugging tests, where analog parameter mismatches could 
occur. 

On-chip ac coupling capacitors can now have provisions to shunt them out of the input signal pathway 
under control of the test circuitry. Improvements are offered to the ability to test external (board level) 
capacitors for shorts and to compensate for mismatches in voltages between devices. 

It is recognized in this revision that for some pins, it may not be possible for the EXTEST_PULSE 
instruction to transmit or receive data due to dynamic conditioning of the associated circuitry that is not 
fully completed by a single data pulse; that is, a longer set of transitions, such as that provided by 
EXTEST_TRAIN, may be required. Such pins that need this exception can now be identified in BSDL so 
that tools can make appropriate tradeoffs for them. 

The 2013 revision of IEEE Std. 1149.1 also added a new PDL, which is used to describe how devices and 
their registers are used for various testing purposes. This revision requires the documentation of certain 
programmable features, when implemented in a device, in PDL. 

The 2013 revision of IEEE Std. 1149.1 made significant additions to BSDL, which affect the BSDL 
representation of 1149.6 technology as described in Clause 7. Part of these changes are driven by the 
electronics industry’s movement towards the usage of intellectual property packages, where portions of 
circuitry are bought and sold for inclusion in other IC designs. This means that, along with the circuitry 
description, any relevant test-oriented information about IEEE 1149.1 or IEEE 1149.6 implementations 
contained within such IP must also be provided in BSDL packages. Thus, significant changes for such 
support are found in Clause 7 — see 7.4 and 7.5, taking note of “Port Behavior” descriptions. New and 
updated examples for both BSDL and PDL appear in Clause 7. 

Annex C contains information on ac boundary register cell designs. Two new cells [AC_40 and AC_41 
(see C.9)] are documented there. 

Updating BSDL to the new standard 

Components compliant with the 2003 version of this standard will typically be compliant with this new 
version. However, the BSDL documentation must be updated. First, the BSDL will need to be updated to 
comply with the changes introduced in IEEE Std 1149.1-2013, including as a minimum: 

 Changing all “Linkage” pin types to the new linkage and power pin types in the port declaration.  

 Updating “Use” and component conformance statements to STD_1149_1_2013. 

 Adding an <input spec> for all pins of type "input" in the Boundary-Scan Register description.  

 Taking advantage of the optimal register structural descriptions (REGISTER_MNEMONICS, 
REGISTER_FIELDS, REGISTER_ASSEMBLY, etc.) and of the PDL language to document 

viii 
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programmable characteristics of the component that could not be documented in a standard form 
before. This would be particularly valuable when documenting any initialization built into the 
component and required for proper operation of the I/O and boundary tests. 

Second, the BSDL will need to be updated to comply with the changes introduced by this standard: 

 Updating AIO component conformance statement to STD_1149_6_2015. 

 Adding to the AIO_Pin_Behavior attribute the new parameters for driver common-mode and peak-
to-peak voltages, test receiver threshold and hysteresis voltages, bypass control of on-chip 
capacitors, and any ports that require the EXTEST_TRAIN instruction. 

 Adding PDL procedures to document initialization of any programmable I/O parameters. This ties 
into the new initialization documentation introduced in IEEE Std 1149.1-2013. 

A component compliant with IEEE Std 1149.1-2001 and IEEE Std 1149.6-2003 may have included 
proprietary capabilities for initializing I/O, including advanced I/O. If the capabilities are conformant to the 
new requirements of these standards, then they must be documented in order to be compliant. However, 
even if those proprietary capabilities are not conformant, if they can be made public by writing procedures 
in PDL using the reserved PDL procedure names where appropriate, doing so will improve the automation 
of test generation and execution. 

Notice to readers 

Those reading the PDF version of this document will notice many hyperlinks that allow the reader to jump 
to a referenced item. For example, a text reference to 4.1 will be a link to the subclause itself. Readers 
using this facility may return to their starting point by selecting the menu item View>Page 
Navigation>Previous View, or by adding a “Previous view” page navigation tool to the Toolbar in their 
PDF reader. 

Also, the PDF version of this document contains bookmarks of major headings and page thumbnails, also 
helpful in navigating the document. 
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IEEE Standard for Boundary-Scan 
Testing of Advanced Digital Networks 

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, health, or 
environmental protection, or ensure against interference with or from other devices or networks. 
Implementers 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. 

This IEEE document is made available for use subject to important notices and legal disclaimers.  
These notices and disclaimers appear in all publications containing this document and may  
be found under the heading “Important Notice” or “Important Notices and Disclaimers  
Concerning IEEE Documents.” They can also be obtained on request from IEEE or viewed at 
http://standards.ieee.org/IPR/disclaimers.html. 

1. Overview 

1.1 Scope 

This standard defines extensions to IEEE Std 1149.1™ to standardize the boundary-scan structures and 
methods required to help ensure simple, robust, and minimally intrusive boundary-scan testing of advanced 
digital networks.1 Such networks are not adequately addressed by existing standards, especially for those 
networks that are ac-coupled, differential, or both. Testing enabled by this standard will operate in parallel 
with IEEE Std 1149.1 testing of conventional digital networks and in conjunction with IEEE Std 1149.4™ 
testing of conventional analog networks. This standard also specifies software and Boundary-Scan 
Description Language (BSDL) extensions to IEEE Std 1149.1, which are required to support new I/O test 
structures. 

1.2 Purpose 

Existing boundary-scan test standards (IEEE Std 1149.1, IEEE Std 1149.4) do not fully address some of the 
increasingly common, newer digital network topologies, such as ac-coupled, differential interconnections 
on very high speed (1+ Gb/s) digital data paths. IEEE Std 1149.1 structures and methods are intended to 
test static (dc-coupled), single-ended networks. They are unable to test dynamic (ac-coupled) digital 
networks, since ac coupling blocks static signals. Differential networks are also inadequately tested by 

                                                 
1 Information of references can be found in Clause 2. 
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