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Abstract: The testability structure for digital circuits described in IEEE Std 1149.1™ has been
extended to provide similar facilities for mixed-signal circuits. The architecture is described,
together with the means of control of and access to, both analog and digital test data. Sample
implementation and application details (which are not part of the standard) are included for
illustration. Also, extensions to the standard Boundary-Scan Description Language (BSDL) are
defined that allow description of key component-specific aspects of such testability features.

Keywords: analog test, board testing, boundary scan, Boundary-Scan Description Language
(BSDL), design for testability, IEEE 1149.4™ | in-circuit test, mixed-signal test
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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 IEEE Standards documents do not guarantee safety,
security, health, or environmental protection, or guarantee against interference with or from other devices or
networks. 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 their
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 balloting 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 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

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

3 Available at: https://ieeexplore.ieee.org/browse/standards/collection/icee.

4 Available at: https:/standards.ieee.org/standard/index.html.
5 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

Technologies, application of technologies, and recommended procedures in various industries evolve over
time. The IEEE standards development process allows participants to review developments in industries,
technologies, and practices, and to determine what, if any, updates should be made to the IEEE standard.
During this evolution, the technologies and recommendations in IEEE standards may be implemented in
ways not foreseen during the standard’s development. 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 1149.4-2024, IEEE Standard for a Mixed-Signal Test Bus.

The development of this standard began with a preliminary meeting in the summer of 1991 when the need
was recognized for a standardized structure to be incorporated into mixed-signal circuits to combat the
testability problems posed by such circuits. This meeting adopted the following mission:

To define, document, and promote the use of a standard mixed-signal test bus that can be used
at the device and assembly levels to improve the controllability and observability of mixed-
signal designs and to support mixed-signal built-in test structures in order to reduce both test
development time and testing costs and to improve test quality.

The original draft of IEEE Std 1149.4 was accepted on 26 August 1999 and published 28 March 2000. A
language extension to Boundary-Scan Description Language (BSDL) called Analog Boundary-Scan
Description Language (ABSDL), was added to the revision of the standard approved on 9 December 2010,
which was then published 18 March 2011.

This version addresses changes introduced in IEEE Std 1149.1-2013 on which this standard builds. These
are mostly addressed by removing specific standard publication dates from the references noted within this
standard. All other modifications to this version are editorial in nature.
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IEEE Standard for a Mixed-Signal Test
Bus

1. Overview

1.1 Scope

This standard defines a mixed-signal test bus architecture that provides the means of control and access to
both analog and digital test signals such that the testability structure for digital circuits described in
IEEE Std 1149.1% has been extended effectively to provide similar facilities for mixed-signal circuits. In
addition to testing interconnections in the conventional sense of IEEE Std 1149.1, the mixed-signal test bus
defined by this standard also provides the means for parametric testing and, optionally, the means to access
internal test structures. The standard does not mandate implementation details of the test circuitry, although
examples of conformant implementations are given for illustration. Further, the standard develops extensions
to Boundary-Scan Description Language (BSDL) to describe key aspects of implementing this standard
within a particular component. At present, the extensions to BSDL defined by this standard specifically omit
the description of any and all analog parameters defined by the standard.

1.2 Purpose

Where structures defined by this standard are incorporated into mixed-signal circuits, the testability problems
posed by such circuits are mitigated by way of improving the controllability and observability of mixed-
signal designs and supporting mixed-signal built-in test structures to reduce both test development time and
testing costs and to improve test quality. In particular, these standardized test features allow mixed-signal
(analog and/or digital) electronic components, printed circuit assemblies, and electronic systems to be
accessible to external or built-in test equipment for interconnect test, parametric test, and internal test. A
further purpose of this standard is to define the descriptive elements of BSDL and specified extensions
sufficient to support the development of automated test algorithms used for testing interconnections between
devices that adhere to this standard and, where practical, between such devices intermixed with devices that
incorporate IEEE Std 1149.1 or IEEE Std 1149.6™ as well. The descriptive elements defined by this standard
also largely support the automated construction of analog tests for external components attached to or
between components that implement this standard with the caveat that such tests may subsequently require
modification to account for undocumented analog features within the conformant components.

6 Information on references can be found in Clause 2.
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1.3 Word usage

The word shall indicates mandatory requirements strictly to be followed in order to conform to the standard
and from which no deviation is permitted (shall equals is required to).”?

The word should indicates that among several possibilities one is recommended as particularly suitable,
without mentioning or excluding others; or that a certain course of action is preferred but not necessarily
required (should equals is recommended that).

The word may is used to indicate a course of action permissible within the limits of the standard (may equals
is permitted to).

The word can is used for statements of possibility and capability, whether material, physical, or causal (can
equals is able to).

1.4 Organization of the standard
This standard is divided into ten clauses.

Clause 1 describes the scope and objectives of the standard and explains how the material of the standard is
organized.

Clause 2 lists references to related standards necessary for the understanding of this standard, while Clause 3
defines terms and acronyms.

Clause 4 through Clause 8 contain specifications for the particular features of this standard and contain
descriptive material that illustrates the need for the specified features or their application. This descriptive
material is intended to place the details of various parts of the design in perspective and to provide examples
of implementation and use.

Clause 9 addresses some of the practical issues that could arise in the implementation of the standard. In
particular, it defines the performance required from a compliant part and describes how the performance
limits can be measured.

Clause 10 summarizes the conditions under which any particular component can claim conformance to the
standard and defines the documentation that shall be provided by the manufacturer to allow test equipment
to make use of the test features. This clause also defines extensions to BSDL for describing concepts and
structures introduced by this standard.

1.5 Context

Figure 1 illustrates the context within which this standard is intended to operate. It shows an electrical circuit
constructed as a printed circuit assembly (PCA) consisting of a substrate carrying a pattern of conductors (the
interconnect) on which separately manufactured components are mounted so that the component pins make
electrical contact with the interconnect. In normal functional operation, the PCA connects to other parts of
the system by way of a set of contacts, such as the edge-connector shown in Figure 1.

7 The use of the word must is deprecated and cannot be used when stating mandatory requirements, must is used only to describe
unavoidable situations.
8 The use of will is deprecated and cannot be used when stating mandatory requirements, will is only used in statements of fact.
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Figure 1—Mixed-signal printed circuit assembly

In Figure 1, the component that is the subject of this standard is shown shaded. In a typical mixed-signal
analog and digital PCA, the pins of the component could be connected to:

—  Other mixed-signal components (labeled M), which may or may not conform to this standard;
— Digital components (labeled D), which may or may not conform to IEEE Std 1149.1;

— Analog components (labeled A), which could be anything from a single transistor to an operational
amplifier or an analog signal processing circuit, but which would be unlikely to contain any
associated testability features; or

— Discrete components (labeled C), such as pull-up resistors or coupling capacitors, which will not
have any associated testability features.

The PCA is tested, both in production (to verify correct manufacture) and in field service (to detect and locate
faults), using automatic test equipment (ATE) to supply test signals to, and to collect test responses from,
some or all of the component pins. The aim of the test structures described in this standard is to provide test
access to individual component pins from the edge-connector to reduce or eliminate the need for the ATE to
make direct physical contact via mechanical probes. The extent to which this aim can be satisfied will depend
on the make-up of the PCA: The pins of components that conform either to this standard or to IEEE Std
1149.1 could be accessible from the edge-connector, providing at least partial access to the pins of some non-
conformant components. If this access is inadequate for testing purposes, additional probe access would need
to be employed.

1.6 Test features
1.6.1 Aims

This standard defines test features to be included in a mixed-signal (analog and digital) component, together
with associated test protocols, to provide standardized approaches to:

— Interconnect test: Testing for opens and shorts among the interconnections in a PCA;

— Parametric test: Making analog characterization measurements and testing for the presence and value
of discrete components in a PCA; and

— Internal test: Testing the internal circuitry of the mixed-signal component itself, regardless of whether
it is part of a PCA.
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The standard does not mandate implementation details of the test circuitry, although examples of conformant
implementations are given for illustration.

1.6.2 Interconnect testing

IEEE Std 1149.1 provides an effective mechanism for interconnect testing of a PCA populated with digital
components. The first objective of IEEE Std 1149.4 is to provide a similar capability for an assembly such
as the one illustrated in Figure 1, populated with analog, digital, and mixed-signal components and discrete
components.

To satisfy this objective, one of the fundamental requirements is to provide the ability to detect open circuits
in the interconnections between integrated circuits and to detect and diagnose bridging faults anywhere in
the interconnect regardless of whether they normally carry digital or analog signals. The aim is also to provide
a structure that allows testing in full compatibility with IEEE Std 1149.1 to permit mixed-signal interconnect
testing to take place at the same time using the same procedures as digital interconnect testing.

The range of problems is illustrated in Figure 2, which shows a group of interconnected components mounted
on a board or other substrate, and analog and digital pins are represented by “A” and “D,” respectively. The
left side of Figure 2 shows open circuits in analog and digital lines and in an analog interconnection network.
The right side of Figure 2 shows a number of short circuits: It is worth noting that short circuits can occur
between analog and analog, digital and digital, and analog and digital lines, as well as across discrete
components in interconnection networks.

A [ — 0 A A A
AL = = A A 4 “G—a A
D == {p D p £ 0D D pop——A(pD
DO — 0D p [ =7 D D DppP—iD
D B 0o o[ q0D D M2 DD D
IR, 7
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i Cpen circuit. short circuit
faults (bridging)
faults

Figure 2—Defects on a mixed-signal printed circuit assembly (PCA)

1.6.3 Parametric test

The second objective of this standard, the parametric test, recognizes that groups of one or more discrete
components are often interposed between integrated circuits, performing functions such as level shifting,
passive filtering, and ac coupling. The inclusion of discrete components in the interconnection pathway gives
rise to the concept of “extended” (as opposed to “simple”) interconnect, as illustrated in Figure 3. To
provide for the testing of components in an extended interconnect, the standard defines a framework to
support analog measurements, allowing, for example, impedances of discrete components to be computed.
Meeting this objective also allows the testing of components such as pull-ups and filter capacitors associated
with either analog or digital components.

Also illustrated in Figure 3 is an example of a differential interconnect, which is a pair of pathways carrying
signals whose information content is defined by the pair of signals rather than by either one signal
individually. In the case of a digital differential interconnect, these pathways would normally be excited by
a single signal and the activity would be converted back to a single signal after reception. An analog
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differential interconnect could follow the same pattern, but conversion from or to a single-ended form might
take place within the core, or it might not take place at all. A differential interconnect can be treated either as
two separate simple interconnects, testing the structural connection between pins, or as a single extended
interconnect, testing the functional connection between a single-ended transmission point and a single-ended
reception point.

Extended interconnect

Analog Analog
driver receiver
Analog Analog
driver receiver
Analog fAnalog
driver receiver
Digital A e : Digital
driver 1 1 receiver
: :
] ]
Dif ferential B g Dif ferential
driver ) ’ ' receiver
{analog B § lanalog
or digital) \ Differential ]/ . or digital)
""""""""""" interconnect e
Single-ended transmission point Single-ended reception point

Figure 3—Simple, extended, and differential interconnect

A similar situation from the testing point of view is illustrated in Figure 4, where an analog signal to be
transmitted is passed through an analog-to-digital converter, transmitted as a parallel set of digital signals,
and passed through a digital-to-analog converter to form a received analog signal. Again, the interconnect
can be tested by treating it as several separate simple digital interconnects and then by treating it as if it were
a single analog connection between the transmitted and received signals, thereby allowing the overall
transmission properties of the system to be assessed.

________ A P
1 )
—
——aDc| ! i | DAC ——
/ 3 : i
Analog H : Analog
output mmmeaad e mmemaa input
from chip No 1 to chip No 2

Figure 4—Multiple digital interconnect

1.6.4 Internal test

The third objective of this standard, internal test, relates to the ability to perform comprehensive tests on the
components either in isolation or while mounted on a substrate. Since the incorporation of internal test
structures, whose impact on the cost and performance of the circuit could be deemed unacceptable, this aspect
of the standard is not mandatory. The addition of designer-defined test functions is not limited by this
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standard, which allows for the incorporation of ad hoc testability features within the internal core structure.
To make such features accessible to the end-user, it is important that they are fully documented (see 10.2).

1.7 Background reading
Readers unfamiliar with IEEE Std 1149.1 might find it helpful to study some relevant books and papers,

some of which also discuss mixed-signal testing using structures related to this standard. See Annex A for an
annotated bibliography of such items.

1.8 Logic diagram conventions

Table 1 shows the symbologies used for various elements that appear within this standard. Symbols for
various elements are reasonably consistent, but can vary from figure to figure.

Table 1—Logic symbology used in this standard

Symbol name Symbol in this document Common logic symbol
C
Switch inout — — inout
(transmission gate) inout inout
C
C
Tristate buff A A v
ristate butter v/
EN — EN
MUX 3
Multiplexer S —Gl -
D0—{1 Do v
D1—1 D1
D flip-flop Datain— 1D —Data out Datain—D Qf—Data out
Clock —>C1 Clock —>

2. Normative references

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

IEEE Std 1149.1™, IEEE Standard Test Access Port and Boundary-Scan Architecture.® 10

% IEEE publications are available from The Institute of Electrical and Electronics Engineers (http:/standards.icee.org/).
19 The IEEE standards or products referred to in Clause 2 are trademarks owned by The Institute of Electrical and Electronics Engineers,
Incorporated.
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3. Definitions, acronyms and abbreviations, and voltage source symbols

3.1 Definitions

For the purposes of this document, the following terms and definitions apply. The IEEE Standards Dictionary
Online should be consulted for terms not defined in this clause.!!

analog boundary module (ABM): A circuit module connected between the core circuit and an analog
function pin to provide facilities for test in a mixed-signal integrated circuit. See: core circuit; function pin;
mixed-signal circuit.

NOTE—An ABM can be attached to a digital function pin in order to provide analog measurement capability to the
in 12
pin.

analog pin: A pin on an integrated circuit or other component that is intended to pass information represented
as a current or voltage that can have any value between the limits defined by the driver or receiver to which
it is connected. Contrast with: digital pin.

NOTE 1— Analog pins can have several forms. In addition to input, output, and bidirectional pins, which are analogous
to corresponding digital forms, it is possible to have pins that do not readily fit into any of these categories (e.g., those
supporting compensation elements for operational amplifiers). Any such pin that has no identifiable drive capability can
be regarded for the purposes of this standard as an input pin.

NOTE 2—An analog pin can be put into a state in which no signals can pass in either direction between the pin and the
core circuit. See: high-Z; core circuit; core disconnect.

NOTE 3— An analog pin can pass digital data using discrete levels that lie within its analog range.

analog test access port (ATAP): A set of two mandatory and two optional pins on a mixed-signal integrated
circuit. The pins are connected to a bus allowing automatic test equipment to gain access to the components’
on-chip analog test facilities. The mandatory pins are labeled AT1 and AT2; the optional pins (labeled ATIN
and AT2N) are normally used for differential testing.

CD state: The state of an analog pin when it is isolated from the core circuit and all test circuits. See also:
core disconnect (CD); residual element.

NOTE—When a pin is in the CD state, there could be residual elements to which it remains connected.

compliance-enable pins: A set of one or more pins on a component such that full compliance with the rules
of this standard is achieved only when a defined pattern of enable signals (a compliance-enable pattern) is
applied to the compliance-enable pins.

NOTE—There could be more than one compliance-enable pattern.

conceptual switch: A circuit feature, acting under the control of a digital control signal, that allows two
circuit nodes to be electrically connected or isolated as though there were a switch between them. See. switch.

NOTE 1—Depending on physical constraints, such as size, power consumption, and electrical characteristics, it could
be possible in any particular application to implement all, some, or none of the conceptual switches by conventional
complementary metal oxide silicon (CMOS) transmission gates.

NOTE 2—The symbols shown in Figure 5 are used to represent conceptual switches in this standard. For a switch with
active high control (Figure 5[a]), the switch is closed (Data line 1 = Data line 2) when Control = logic 1; for a switch
with active low control [Figure 5[b]), the switch is closed when Control = logic 0. See: logic 0, logic 1.

"W [EEE Standards Dictionary Online is available at: http:/dictionary.ieee.org. An IEEE Account is required for access to the dictionary,
and one can be created at no charge on the dictionary sign-in page.

12 Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to implement
this standard.
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Data line —Z'— Data line Data line Data line
1 2 1 2

Controil — Control

(a) Active high control (b) Active low control
Figure 5—Conceptual switch symbols

core circuit: The part of the circuitry in an integrated circuit that provides the intended data manipulation
function (as distinct from dedicated test circuitry). See also: residual element.

NOTE 1—The core circuit is analogous to the system logic in IEEE Std 1149.1.

NOTE 2—Residual elements, which are permanently connected to the pin (i.e., in test mode as well as in normal function
mode), are not regarded as being part of the core circuit.

core disconnect (CD): A facility provided within an analog boundary module (ABM) (usually mediated by
a conceptual switch) that allows a pin to be disconnected from the core circuit so that the signal at the pin
can be driven to any value within the pin’s normal functional range without affecting the core circuit, and no
value generated in the core circuit affects the pin. See: conceptual switch; core circuit. See also: high-Z;
residual element; CD state.

NOTE 1—The core disconnect facility could be provided as part of the functional driver or receiver attached to the pin,
e.g., by implementing a driver with high-Z capability.

NOTE 2—1t is necessary to document all residual elements that remain connected to the pin when the pin enters the CD
state.

differential interconnect: A pair of connections carrying signals from a transmitter on one component to a
receiver on another component, where the transmitted information (which can be either analog or digital) is
represented by the difference between two signals rather than by either signal individually. See also: simple
interconnect; extended interconnect.

digital boundary module (DBM): A circuit module connected between the digital core circuit and a digital
function pin to provide facilities for test in a digital or mixed-signal component.

NOTE 1—A DBM serves the same function as, and conforms to the same rules as, the boundary-scan register cells
defined in IEEE Std 1149.1.

NOTE 2—A DBM can contain one or more boundary-scan register cells as explained in IEEE Std 1149.1.
NOTE 3—A DBM can also be interposed at the boundary between the digital and analog portions of the core circuit.

NOTE 4—A control-and-observe DBM includes a switching function in the serial data path between pin and core. An
observe-only DBM captures data from the data path without interrupting the path.

digital pin: A pin on an integrated circuit or other component that is intended to pass data represented as a
voltage or current that can have one of two discrete values. Contrast with: analog pin.

NOTE 1—In this standard, the two discrete values are referred to as logic 0 and logic 1. See: logic 0, logic 1.

NOTE 2—In addition to the set of discrete data values, a digital pin might be put into a state in which its driver is disabled
so that it cannot actively sink or source current and, therefore, cannot influence the state of the attached net. See. high-
Z; net.

NOTE 3—If analog data are applied externally to a digital input pin, the internal circuitry typically interprets the data as
digital. Use of the pin in this way can lead to possible adverse effects on the internal circuitry (e.g., power consumption).

NOTE 4—A digital function pin could have additional circuitry to allow analog signals to be applied or monitored for
test purposes. This additional circuitry would not affect its status as a digital pin.

5 Documents
Copyright © 2024 IEEE. All rights reserved. Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 10:38:28 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1149.4-2024


http://www.avadocuments.com/doc/ieee-1149-4-2024
http://www.avadocuments.com/doc/ieee-1149-4-2024

IEEE Std 1149.4-2024
IEEE Standard for a Mixed-Signal Test Bus

discrete component: An electrical element that is mounted on a printed circuit board or other substrate and
connected to the interconnect wiring system but is not integrated to any significant extent with other elements
and does not contain boundary module test circuitry adjacent to its pins. See. interconnect.

extended interconnect: A connection pathway consisting of two or more nets that includes one or more
discrete components, where the test requirement is to verify both the integrity of the connections and the
values of the components. See: net. Contrast with: simple interconnect. See also: discrete component.

function pin: An analog or digital pin on an integrated component that takes data into and/or out of the core
circuit when operating in normal function mode. Synonym. mission pin; system pin.

NOTE—AIl pins carrying signals that affect the behavior of the component, including reference supply pins but
excluding power supply pins and compliance-enable pins, are regarded as function pins.

high-Z: A condition in which the driver on a pin is inactive. The state of a net attached to a pin that is at

high-Z is determined by values applied to other parts of the net. See: net. Contrast with: CD state. See also:
core disconnect.

NOTE—For this standard, the impedance looking into a pin that is at high-Z is expected to be greater than 1 MQ for any
signal between Vpp and Vss at any frequency up to 10 kHz.

in-circuit testing: A method of testing a printed circuit assembly by making direct physical contact between
automatic test equipment and nets that are connected to the pins of individual components. See: net.

interconnect: The system of wiring that carries data and control signals between the different components
mounted on a printed circuit assembly. See also: simple interconnect; extended interconnect; differential
interconnect.

internal test bus: The system of wiring that carries analog test signals around the interior of an integrated
circuit. See: test bus interface circuit.

logic 0, logic 1: The two logic voltage levels for digital signals. In positive logic systems, the more positive
of the two logic voltage levels is taken to be logic 1.

NOTE 1—For convenience, positive logic is assumed throughout this standard.
NOTE 2—The voltage levels representing logic 0 and logic 1 are not necessarily the same at every function pin.
NOTE 3—Logic 0 and logic 1 are often represented as LO and HI, respectively.

mixed-signal circuit: A circuit in which some variables are represented by analog (continuously variable)
quantities, and some variables are represented by digital (discrete) quantities.

net: An interconnection path between component pins where the resistance of the path is not significantly
different from zero.

reference quality voltage: A dc source capable of sourcing and sinking current over a defined range without
appreciable change of voltage and that is stable over a given time interval.

NOTE—Whether or not a given voltage source is of reference quality has a major impact on the accuracy of the
measurement capabilities of the structures described in this standard.

residual element: A circuit element connected to a function pin that, for operational reasons, cannot be
isolated from the pin in test mode. A residual element can be connected to a power supply pin—or another
function pin or residual element—provided it can be modeled over a defined working range by a network of
ideal resistors, capacitors, and inductors together with independent dc sources.

simple interconnect: A connection between two or more component pins consisting only of a net. Contrast
with: extended interconnect.

switch: In the context of this standard, an electronic device connected between two data lines. A switch can
exist in one of two states, referred to as “open” and “closed.” The state at any time depends on a digital
control variable. When the switch is open, the pathway between the two data lines has a very high impedance
(ideally infinite) so that signals appearing on the data lines could be considered completely independent.
When the switch is closed, the pathway between the two data lines has a very low impedance (ideally zero)
so that signals on the two data lines are considered identical.
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NOTE 1—Practical electronic switches implemented in silicon depart from the ideal in at least three ways:

a) Inthe “on” state, the pathway between the two data lines could have significant impedance, or the relationship
between voltage and current could be non-linear (e.g., a voltage-dependent “impedance™).

b) In the “off” state, there could be significant interaction between the signals on the two data lines due to, for
example, stray capacitance.

c¢) In ecither state, there could be significant leakage pathways through which current can pass from the data lines
to the surrounding circuitry or vice versa.

The effects of all these characteristics are major considerations for the detailed implementation, especially in a system
containing multiple-switch networks.

NOTE 2—A switching action effectively in series with the function signal pathway can sometimes be obtained without
a physically separate device by incorporating a high-Z or enable facility into the functional circuitry. See: conceptual
switch; high-Z.

NOTE 3—Data transmission through a switch is normally assumed to be bidirectional (as with electromechanical devices

such as relays or semiconductor switches such as transmission gates). Some forms of switch can implement only
unidirectional voltage or current dependence.

test access port (TAP): The test access port specified by IEEE Std 1149.1. Contrast with.: analog test access
port.

test bus interface circuit (TBIC): A circuit module that allows an internal analog test bus in an integrated
circuit to be isolated from or connected to the pins in the analog test access port (ATAP). See: analog test
access port.

test data: Data that are entered into an electronic system of any kind (component, printed circuit assembly,
subsystem, system) to verify the integrity of part or all of the system. Test data can be entered through
function pins, test pins, or both.

test pin: A pin on a component or a printed circuit assembly that is provided solely or primarily for use
during test or maintenance operations.

3.2 Acronyms and abbreviations

ABM analog boundary module
ADC analog-to-digital converter
ATAP analog test access port
ATE automatic test equipment
BSDL Boundary-Scan Description Language
CD core disconnect
CMOS complementary metal oxide silicon
CUT circuit under test
DAC digital-to-analog converter
DBM digital boundary module
ESD electrostatic discharge
FET field effect transistor
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GND ground

1/0 input/output

PCA printed circuit assembly
TAP test access port

TBIC test bus interface circuit
TCK test clock

TDI test data input

TDO test data output

TMS test mode select

TRST* test reset (active low)

3.3 Voltage source symbols

Several voltage sources are required as part of the internal test structure described in this standard. The
symbols used to denote these voltage sources are defined below. All of these sources are, in general, pin-
specific.

Veamp: A fixed voltage that can be applied to internal test buses when not in use to reduce the possibility of
noise, crosstalk, or feedback.

Ve: A pin-specific reference quality voltage supplied to a component at a pin. Any function pin can be
connected to V¢ through its analog boundary module. See: reference quality voltage.

NOTE—V would normally be one of the power supply rail voltages.

Vi, Vi: Two dc voltages used as test signals on analog pins during interconnect testing and component
measurement.

NOTE 1— Vg and V. are pin-specific, and typically Vi > VL.

NOTE 2— At output pins, ¥z and V7, are supplied from the functional driver and will correspond to logic 1 and logic 0,
respectively.

Vru: A pin-specific voltage to which the voltage at a function pin is compared. The result of the comparison
is a binary value that can be captured in the boundary-scan register.

4. Testability architecture

4.1 Overview
4.1.1 Specification rules

Specification rules for testability architecture include the following:

a)  The component shall conform to all provisions of IEEE Std 1149.1 except where specifically noted
in this standard.

’ Documents
Copyright © 2024 IEEE. All rights reserved. Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 10:38:28 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1149.4-2024


http://www.avadocuments.com/doc/ieee-1149-4-2024
http://www.avadocuments.com/doc/ieee-1149-4-2024

IEEE Std 1149.4-2024
IEEE Standard for a Mixed-Signal Test Bus

NOTE 1—This rule implies that a component conforming to this standard has a test access port (TAP) to provide
access to the circuit for digital test signals. This TAP will contain three input lines (test data input [TDI], test
clock [TCK], test mode select [TMS]) and one output line (test data output [TDO]); it can contain an optional
fourth input line (test reset [TRST*]).

NOTE 2—In accordance with the rules of IEEE Std 1149.1, a component could require the application of a
particular pattern of signals (a compliance-enable pattern) to a set of one or more compliance-enable pins before
the component is brought into full compliance with this standard. There could be more than one compliance-
enable pattern for a particular component.

NOTE 3—IEEE Std 1149.1 makes little provision for testing the analog portions of a mixed-signal component
and contains a few rules relating to analog pins that are not compatible with the provisions of this standard.

NOTE 4—This rule implies that, when implementing this standard, the structure and performance of elements
described in IEEE Std 1149.1 are in accordance with the specifications set out in IEEE Std 1149.1 except where
the provisions of this standard are in conflict.

4.1.2 Description

This standard is an extension of IEEE Std 1149.1 and consists of additional structures to be added to an IEEE
Std 1149.1—conformant component. Components that are conformant with this standard, when mounted on
a common substrate with IEEE Std 1149.1—conformant components, allow common test operations (in
particular, simple interconnect testing) to be performed in a consistent and coordinated manner.

The overall structure of a basic IEEE Std 1149.4—conformant component is illustrated in Figure 6, which
shows the main mandatory elements of the standard. In IEEE Std 1149.1, the main testability features are a
dedicated test access port (TAP), allowing test data to be passed to and from the circuit, and boundary
modules associated with every digital function pin of the component, providing access to the core circuitry
for the application of digital test stimuli and for the collection of digital test results. The IEEE Std 1149.4
extensions consist of analog boundary modules (ABMs) on every analog function pin, and optionally on
other function pins, allowing access for analog test signals by way of an analog test access port (ATAP)
consisting of two pins (AT1 and AT?2), a test bus interface circuit (TBIC), and an internal analog test bus
consisting of two lines (AB1 and AB2).
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Figure 6—Structure of a basic (minimally configured)
IEEE Std 1149.4—conformant component
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The boundary modules associated with the digital pins are identical to the boundary cells, or groups of
boundary cells, as specified in IEEE Std 1149.1. Boundary modules on analog pins, which are forbidden in
IEEE Std 1149.1, form the main subject of this standard, in which they are mandatory. Each ABM has
associated with it a set of voltages (Vu, Vi, and V). These voltages are defined on a pin-specific basis and,
therefore, are not necessarily the same for each module.

Overall control of the testability structure rests with the test control circuitry, which consists of a TAP
controller, an instruction register, and an instruction decoder.

4.2 TAP controller

4.2.1 State sequence

The TAP controller, which is identical to that mandated in IEEE Std 1149.1, is a synchronous finite state
machine whose state transition diagram is shown in Figure 7. The state transitions are determined by the
value present on TMS at the time of a rising edge on TCK.

Select-

0 Run-test/ \ 1
idie IR-Scan

Transitions are
determined by
the value of TMS,
and take place on
the rising edge
of TCK.

Figure 7—TAP controller state transition diagram

4.2.2 Initialization

The TAP controller is required to enter the Test-Logic-Reset state at power-up either by use of an optional
additional pin in the TAP (TRST¥*) or as a result of circuitry built into the test logic. Further description of
the initialization requirements can be found in IEEE Std 1149.1.
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4.2.3 Controller outputs
4.2.3.1 Specification rules
Specification rules for controller outputs include the following:

a)  The TAP controller shall generate signals to control the operation of the TBIC as defined in 6.3.

b) The TAP controller shall generate signals to control the operation of the ABMs and associated
circuitry as defined in 7.3.5.

¢)  When the TAP controller is in the Test-Logic-Reset state, all function pins shall be isolated from the
analog test buses and from Vg, V1, and Vg, irrespective of the state of the ABM control register bits.

d)  When the TAP controller is in the Test-Logic-Reset state, all ATAP pins shall be isolated from the
analog test buses and from Vy, Vi, and Veamp, irrespective of the state of the TBIC control register
bits.

4.2.3.2 Description

Control signals for routing data, reconfiguring the test circuitry, and exerting control over the TAP, the
ATAP, and the TBIC are derived partly from output logic of the TAP controller and partly from the
instruction register. In addition, the TBIC and each ABM contain an individual control register so that their
mode of operation can be individually controlled (see Clause 6 and 7.3). The instruction register, the ABM
control registers, and the TBIC control register are all loaded through the TAP.

The precise set of signals required to control the test structure and boundary modules associated with digital
function pins is not specified in IEEE Std 1149.1 except in terms of sample implementations. Boundary
modules are not required by that standard to support all instructions; the control signals needed will vary
depending on the particular set of instructions supported by the individual component. These signals occur
on either the rising or the falling edge of TCK in each controller state as specified in IEEE Std 1149.1.

All the sample implementations of boundary-scan register cells described in IEEE Std 1149.1 use control
signals ShiftDR and ClockDR and all those that incorporate the update register also use UpdateDR. Other
control signals needed for the correct operation of the analog test structure can be generated by adding
appropriate output logic to the TAP controller.

NOTE—Some output signals named in the sample implementations of IEEE Std 1149.1 and referred to in this standard
have the same names as some controller states. Throughout this standard, where this ambiguity applies, control signals
are shown in normal case (e.g., Shift-DR), and controller states are shown in italics (e.g., Shifi-DR).

4.3 ATAP
4.3.1 Specification
4.3.1.1 Rules

Specification rules for ATAP include the following:

a)  Each component shall contain an ATAP.
b)  The ATAP shall include two analog test pins, AT1 and AT2 (defined in Clause 6).
¢) ATI1 and AT?2 shall be dedicated pins (i.e., they shall not be used for any other purpose).
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4.3.1.2 Permission

Specification permission for ATAP includes the following:

a) The ATAP may contain two further analog test pins, ATIN and AT2N, to allow for the testing of
differential input and/or output. In this case, AT1 and ATIN shall form one differential pair, and
AT2 and AT2N shall form the other differential pair.

4.3.2 Description

The ATAP is an analog port that provides access for analog test signals. Dedicated connections are required
to allow access to the full range of mandatory features of this standard. The ATAP is composed of a minimum
of one analog input connection and one analog output connection. Optional additional analog lines can
provide additional capability (e.g., differential stimulus and/or measurement: see 8.1.3). The definition and
properties of the TBIC are specified in Clause 6.

4.4 Register architecture

The test register architecture, shown in Figure 8, is essentially identical to that defined in IEEE Std 1149.1.
It is entirely digital, consisting essentially of a number of shift-register paths, connected in parallel with a
common serial data input connected to TDI and a common serial data output connected to TDO. Control
signals are required both for the transfer of data and for the choice of which alternative parallel path is active.
These signals are supplied, as shown in Figure 8, partly by the TAP controller and partly by the instruction
decoder, which interprets the particular instruction loaded into the instruction register.
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Boundary Scan Register T
© " Design-Specific |
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SR (Optional) ____ b
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cantrol : i Control signals
circuitry Decoder - for register enables,
: internal reconfiguration,
: ; MUX selection, etc.
™ ——] TAP —

1tk ——— 1  Controtler —

....................................

Figure 8—Test register architecture

The mandatory part of the test control architecture (as defined in IEEE Std 1149.1) consists of an instruction
register and at least two test data registers:

— A bypass register

— A boundary-scan register (as defined in Clause 7)
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The test register structure of a component conformant with this standard differs from that of an IEEE Std
1149.1—conformant component only in that additional shift-register stages are contained in the boundary-
scan register. These additional stages consist of:

— The control stages in the ABMs (as defined in 7.3)
—  The control stages in the TBIC (as defined in 6.3)

The order of the individual cells in the boundary-scan register can be chosen by the component manufacturer
to suit layout convenience. It is not even necessary to keep the control stages belonging to a single ABM or
to the TBIC together in a single block since the individual stages are identified by name.

An additional register (the device identification register) for part identification can be included as well as any
number of design-specific test data registers to give access to design-specific testability features. An example
of a design-specific test register that could be included in a mixed-signal design is an internal scan register
used to give access to internal nodes of the core.

Depending on the style of implementation of the test logic defined by this standard, circuitry might be
required to retime the signal passing through the output stage shown in Figure 8 to occur on the falling edge
of TCK.

5. Instructions

5.1 General
5.1.1 Specification
5.1.1.1 Rule

Specification rules for instructions include the following:

a)  Each component shall provide a PROBE instruction (see 5.3.4).
5.1.1.2 Permissions

Specification permissions for instructions include the following:

a)  Additional instructions may be provided within the rules set out in this standard and in IEEE Std
1149.1.

b)  Any instruction code apart from all 1s may be used to represent any instruction.
NOTE—The instruction code consisting of all 1s is reserved for the BYPASS instruction.

¢)  Any instruction (including BYPASS and EXTEST) may be represented by more than one instruction
code.

5.1.2 Description

An instruction is a bit-pattern that is loaded into the instruction register and is then decoded by the instruction
decoder. It has two major functions: It defines the set of test data registers that can operate while the
instruction is selected, and it defines the serial test data register path that is used to shift data between TDI
and TDO. The instruction set shall include one instruction (PROBE) designed to support analog testing and
the mandatory instructions from IEEE Std 1149.1 (BYPASS, SAMPLE, PRELOAD, and EXTEST—some with
extended facilities). It can also include user-defined instructions as well as optional instructions defined in
IEEE Std 1149.1.
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The remainder of this clause lists all defined instructions. Instructions that derive from IEEE Std 1149.1 shall
satisfy the rules of that standard; the rules, recommendations, and permissions listed in this standard are
additional to the specifications contained in IEEE Std 1149.1. The instruction that is unique to this standard
is fully specified and described; others are described in general terms for convenience.

5.2 Response of test logic to instructions
5.2.1 Specification rules

Specification rules for the response of test logic to instructions include the following:
a)  Each component shall respond to the mandatory instructions of IEEE Std 1149.1 in accordance with
the rules contained in IEEE Std 1149.1 and any additional rules listed in this standard.
b)  Each component shall respond to the PROBE instruction in accordance with the rules in this standard.

¢) Ifacomponent provides any optional instructions defined in IEEE Std 1149.1, its response to those
instructions shall be in accordance with the rules contained in IEEE Std 1149.1 and any additional
rules listed in this standard.

5.2.2 Description

The operation performed at any time by any particular digital boundary module (DBM) is determined in
accordance with the rules of IEEE Std 1149.1. The operation performed at any time by any particular ABM
is determined not only by the control signals supplied from the instruction decoder (which depend on the
instruction currently loaded into the instruction register), but also by the control signals supplied by the TAP
controller (which depend on the current state of the controller) and, depending on which instruction is
selected, the values contained in the individual ABM control register.

The particular module design used in the test data registers (and the ABMs) determines what control signals
are required from the TAP controller and the instruction decoder. For the ABM design shown in Figure 23,
for example, ShiftDR, ClockDR, and UpdateDR would be supplied by the TAP controller; Model and Mode2
would be supplied from the instruction decoder.

Each instruction is represented by one or more instruction codes and defines a particular test data register to
be selected for serial connection between TDI and TDO. All instructions are defined in such a way that
unselected test data registers have no effect on the operation of either the core circuitry or the selected test
data register unless specifically mandated in the instruction definition.

When implementing the instruction decoder, it is important to consider the possible effects of decoding spikes
when changing from one instruction to another (e.g., from BYPASS to SAMPLE) so that transitory instruction
selections are reduced.

5.3 Mandatory instructions
5.3.1 The BYPASS instruction
5.3.1.1 Specification rules

Specification rules for the BYPASS instruction include the following:
a)  When the BYPASS instruction is selected, all ATAP pins shall be isolated from the internal analog
test buses and from all test voltage sources, irrespective of the state of the boundary register bits.

b)  When the BYPASS instruction is selected, all analog function pins shall be connected to the core
circuit.
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¢)  When the BYPASS instruction is selected, all analog function pins shall be isolated from the internal
and external analog test buses and from all test voltage sources, irrespective of the state of the
boundary register bits.

5.3.1.2 Description

The BYPASS instruction selects the bypass register to be connected for serial access between TDI and TDO
in the Shift-DR controller state. The BYPASS instruction can be selected by loading logic 1 into every stage
of the instruction register. (This coding is mandatory; optionally, other codes can also be designed to select
BYPASS.)

When the BYPASS instruction is selected, test data registers that can operate in either system or test mode
perform their system function, and the operation of the test logic has no effect on the action of either the
analog or the digital core circuitry.

5.3.2 The SAMPLE and PRELOAD instructions
5.3.2.1 Specification rules

Specification rules for SAMPLE and PRELOAD instructions include the following:

a)  When the SAMPLE or PRELOAD instruction is selected, all ATAP pins shall be isolated from the
internal analog test buses and from all test voltage sources, irrespective of the state of the boundary
register bits.

b)  When the SAMPLE or PRELOAD instruction is selected, all analog function pins shall be connected
to the core circuit.

¢)  When the SAMPLE or PRELOAD instruction is selected, all analog function pins shall be isolated
from the internal and external analog test buses and from all test voltage sources.

5.3.2.2 Description

SAMPLE uses the boundary-scan register to allow a snapshot to be taken of the data at the digital pins during
normal operation. The snapshot is taken on the rising edge of TCK in the Capture-DR controller state and
can be examined serially by shifting through TDO.

A digitized snapshot of the (analog) signal on an analog pin is captured in SAMPLE by way of the one-bit
digitizer in the ABM (see 7.3). The ability to monitor the analog signal itself is provided by the PROBE
instruction (see 5.3.4).

PRELOAD allows an initial digital data pattern to be loaded into the latched parallel outputs of the boundary-
scan register prior to the selection of another boundary-scan test operation. The loading is performed on the
falling edge of TCK in the Update-DR controller state. During the PRELOAD phase, the operation of the
core circuit and the flow of signals between the function pins and the core circuit are unaffected by the test
logic.

In the same way, a digital data pattern can be specified for each ABM by loading the appropriate values into
its control register, which is part of the boundary-scan register.

5.3.3 The EXTEST instruction
5.3.3.1 Specification rule

The specification rule for the EXTEST instruction includes the following:

a)  When the EXTEST instruction is selected, each ABM shall be set so that the pin is disconnected from
the core (i.e., the core disconnect switch shall be open).
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5.3.3.2 Description

The EXTEST instruction is used to test simple interconnects as in IEEE Std 1149.1 by applying logic levels
to all pins. It is also used to test extended interconnects by allowing automatic test equipment (ATE) to make
measurements of discrete components connected to the pins. The facilities incorporated into the boundary-
scan test structure allow the ATE to apply analog test signals and monitor analog responses and hence to
obtain one of the major benefits of in-circuit testing without using physical probing. This instruction is the
central feature of this standard: The principles underlying its use for analog measurements are outlined in
Clause 8.

The EXTEST instruction selects the boundary-scan register to be connected for serial access between TDI
and TDO in the Shift-DR controller state. While the EXTEST instruction is selected, all function output pins
(analog and digital) are isolated from the core. This core disconnect (CD) state allows the signals driven from
system output pins to be completely defined by the data shifted into the corresponding boundary modules.
Function input pins (analog and digital) are monitored by their boundary modules and can be isolated from
the core. If the facility to isolate input pins from the core during testing is not incorporated, designer
verification ensures that signals appearing at an input pin during EXTEST execution do not cause damage to
the core, affect measurements on other pins, or be affected by core signals.

It is suggested that the EXTEST instruction not be represented by the all Os code, but represented by other
code(s).

NOTE—If the all Os code is chosen to represent EXTEST, a stuck-at-zero fault on TDI could then result in an unwanted
selection of EXTEST.

5.3.4 The PROBE instruction
5.3.4.1 Specification rules

Specification rules for the PROBE instruction include the following:
a) The PROBE instruction shall select the boundary-scan register to be connected for serial access
between TDI and TDO in the Shift-DR controller state.

b)  When the PROBE instruction is selected, each DBM shall be set to allow core functions to propagate
to and from the pins.

NOTE—This behavior is similar to the requirements in SAMPLE, PRELOAD, and BYPASS.

¢)  When the PROBE instruction is selected, each ABM shall be set so that its pin is connected to the
core (i.e., the core disconnect switch shall be closed).

d)  When the PROBE instruction is selected, one or both of the ATAP pins shall be connected to the
corresponding internal analog test bus lines.

e)  When the PROBE instruction is selected, the internal analog test bus lines shall be connected to
individual function pins as determined by the contents of the corresponding ABM control registers.

NOTE—The PRELOAD instruction may be used to set up the contents of the ABM and TBIC control registers
before the PROBE instruction is selected.

5.3.4.2 Description

The PROBE instruction allows analog pins to be monitored on AB2, and/or stimulated from AB1, while the
component is operating in its normal mission configuration with all function pins connected to the core.
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5.4 Optional instructions
5.4.1 The INTEST instruction
5.4.1.1 Specification rules

Specification rules for the INTEST instruction include the following:

a)  While the INTEST instruction is selected, all inputs to the digital part of the core shall be supplied by
data stored in the boundary-scan register, except clocks, which may be allowed to free-run provided
that the component can be single-stepped through the test sequence.

NOTE—The PRELOAD instruction can be used to set up the contents of the boundary-scan register (including
the ABM control registers) before the INTEST instruction is selected.

b)  While the INTEST instruction is selected, all analog pins shall be connected to the analog core.

NOTE—Because, in this mode of operation, much of the core is not isolated from the external circuitry, it can
be necessary to control this external circuitry to help avoid unwanted interference. Care needs to be taken to
verify that the core itself does not generate unwanted interference.

¢)  While the INTEST instruction is selected, any analog pin shall be capable of being connected to AB1.

NOTE—Because normally only one analog test bus input line is available, only one analog stimulus can be
supplied, although, if desired, the signal at AB1 could be applied to more than one input pin.

d)  While the INTEST instruction is selected, inputs to the analog core that are normally supplied from
the digital core shall receive data determined by the contents of the corresponding DBMs.

NOTE—The PRELOAD instruction can be used to set up the contents of the DBMs before the INTEST
instruction is selected.

e)  While the INTEST instruction is selected, any analog pin shall be capable of being monitored by
AB2.

NOTE—The signal monitored by AB2 can be affected by more than one input. It might be necessary to apply
external control to those inputs that are not being driven by ABI.

5.4.1.2 Description

The optional INTEST instruction is intended to allow testing of the core circuitry of a component while it is
mounted on a printed circuit board. It selects the boundary-scan register to be connected for serial access
between TDI and TDO in the Shift-DR controller state. If INTEST is provided, IEEE Std 1149.1 requires a
DBM to be connected at each digital interface with the on-chip analog circuitry (see 7.2), as illustrated in
Figure 9.
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Figure 9—A component supporting INTEST (or RUNBIST)
showing internal boundary modules

If the INTEST instruction is provided, it permits the same test of the digital core as would be the case with a
component conforming to IEEE Std 1149.1. In addition, the presence of the analog test structure permits
some testing of the analog core.

In accordance with the rules of IEEE Std 1149.1, while the INTEST instruction is selected, all outputs from
the digital part of the core are captured in the boundary-scan register on the rising edge of TCK in the
Capture-DR controller state.

The behavior noted above, together with Rule 5.4.1.1 a), provides that, as far as the digital part of the core is
concerned, the operation of the instruction is exactly as described in IEEE Std 1149.1. Every input to the
digital core, whether normally supplied from a function pin or from the analog core, should have test data
supplied by the boundary-scan register. Every output from the digital core, whether normally connected to a
function pin or to the analog core, should be captured in the boundary-scan register.

Figure 10 illustrates this part of the operation as applied to the component shown in Figure 9. The DBMs
mandatorily fitted between the digital and analog cores enable complete isolation of the analog core while
the digital core is being tested.

Digital
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Figure 10 —Testing the digital core in INTEST
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Rule 5.4.1.1 b) through Rule 5.4.1.1 e) are provided to support the testing of the analog core. If only one pair
of analog test bus lines exists, only one analog input signal can be supplied, and only one analog output can
be fully monitored. However, it might be possible to supplement this limited access by additional direct
probing. Furthermore, a one-bit digital representation of the voltage appearing at each analog pin shall be
captured in the ABM control register on the rising edge of TCK in the Capture-DR controller state (see Rule
7.3.1.1 ).

A typical analog core test, as it might be applied to the circuit of Figure 9, is illustrated in Figure 11. In this
test, one of the analog outputs is being monitored through AT2 while one of the inputs is being supplied with
an analog stimulus through AT1. Other inputs to the analog core include the signals normally supplied by
the digital core and those coming from other analog function pins. During INTEST, the digital signals will be
supplied from the boundary-scan register (into which appropriate data are scanned). Rule ¢) of 5.4.1.1 draws
attention to the fact that all the analog pins (including the one being stimulated by way of AB1) are connected
to the external circuitry on the board. This circuitry may have to be controlled to provide appropriate
operating conditions or to verify that the input is rendered quiescent.

In addition to the analog output chosen for observation at AT2, digital test result data are captured in the
DBMs in the analog/digital interface, and digitized results are captured in the control registers of all ABMs.
These data are captured on the rising edge of TCK in the Capture-DR controller state. Further test results for
the same stimulus conditions could be obtained by repeating the test while monitoring each analog output in
turn.

Digital inputs and outputs have no effect
on analog test results
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Figure 11 —Testing the analog core in INTEST
5.4.2 Device identification register instructions

These instructions make use of the optional identification register to allow internally stored codes to be read
serially from TDO to identify the manufacturer, part number, and version of the part. As far as the digital
part is concerned, the behavior in response to these instructions of a component claiming conformance to this
standard is substantially identical to the behavior of an IEEE Std 1149.1—conformant component.

. Documents
Copyright © 2024 IEEE. All rights reserved. Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 10:38:28 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1149.4-2024


http://www.avadocuments.com/doc/ieee-1149-4-2024
http://www.avadocuments.com/doc/ieee-1149-4-2024

IEEE Std 1149.4-2024
IEEE Standard for a Mixed-Signal Test Bus

5.4.2.1 The IDCODE instruction
5.4.2.1.1 Specification rules

Specification rules for the IDCODE instruction include the following:
a)  When the IDCODE instruction is selected, all ATAP pins shall be isolated from the analog test buses,
irrespective of the state of the boundary register bits.
b)  When the IDCODE instruction is selected, all analog function pins shall be connected to the core.

¢)  When the IDCODE instruction is selected, all analog function pins shall be isolated from the internal
and external analog test buses and from all test voltage sources.

5.4.2.1.2 Description

If the device identification register is included in the design, then the IDCODE instruction shall be supported.
This instruction is loaded into the instruction register on the falling edge of TCK following entry into the
Test-Logic-Reset controller state. The instruction can also be loaded serially through TDI while in the Shift-
IR controller state.

When the IDCODE instruction is selected, the manufacturer’s identification code is loaded into the
identification register on the rising edge of TCK following entry into the Capture-DR controller state and can
then be read serially through TDO.

5.4.2.2 The USERCODE instruction
5.4.2.2.1 Specification rules

Specification rules for the USERCODE instruction include the following:

a)  When the USERCODE instruction is selected, all ATAP pins shall be isolated from the analog test
buses, irrespective of the state of the boundary register bits.

b)  When the USERCODE instruction is selected, all analog function pins shall be connected to the core.

¢)  When the USERCODE instruction is selected, all analog function pins shall be isolated from the
internal and external analog test buses and from all test voltage sources.

5.4.2.2.2 Description

If the device identification register is included in the design and if the component is user-programmable so
that the programming cannot otherwise be determined by the test logic, then the USERCODE instruction
could be provided and a user-programmed identification code could be included in the component. When the
USERCODE instruction is selected, this code is loaded into the identification register on the rising edge of
TCK following entry into the Capture-DR controller state and can then be read serially through TDO.

5.4.3 The RUNBIST instruction
5.4.3.1 Specification
5.4.3.1.1 Rules

Specification rules for the RUNBIST instruction include the following:

a)  The RUNBIST instruction shall be self-contained and shall leave a single test result signature in the
test data register selected by the RUNBIST instruction.
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NOTE 1—The signature could be derived from a self-test conducted on the digital part of the core while
maintaining the analog part in a quiescent state, or the circuit could be designed to incorporate structures
necessary to support analog stimulus generation and result collection (and digitization) to produce a composite
signature.

NOTE 2—The test data register is selected by the designer. It could be the boundary-scan register.
b)  While RUNBIST is selected, analog function outputs shall behave in one of two ways:
1)  All output signals shall be defined by the data held in the boundary-scan register; or
2)  Every output signal shall be placed in the inactive CD state, which may be high-Z.
NOTE—These options are the same as those offered in IEEE Std 1149.1 for digital output pins.
¢)  The choice of output behavior (see 5.4.3.1.1 b)) shall be the same for analog and digital pins.

5.4.3.1.2 Recommendation

The recommendation for RUNBIST instruction includes the following:
a)  The test result should be a multi-bit signature.

NOTE—The purpose of a multi-bit signature is to allow a failed self-test to record diagnostic information rather
than a simple GO/NOGO decision.

5.4.3.2 Description

The RUNBIST instruction is optional, but in IEEE Std 1149.1 it is recommended that either INTEST or
RUNBIST be supported. If RUNBIST is supported, it is self-contained, executing while in the Run-Test/Idle
controller state. It leaves, in the test data register connected between TDI and TDO (which could be the
boundary-scan register), a test result signature that is independent of any external signals present at any of
the pins. A mixed-signal circuit claiming conformance with this standard is required to provide exactly the
same facilities.

5.4.4 The CLAMP instruction
5.4.4.1 Specification rules

Specification rules for the CLAMP instruction include the following:
a)  When the CLAMP instruction is selected, the state of all signals driven from analog function output
pins shall be defined by the data held in the corresponding ABMs.
b)  While the CLAMP instruction is selected, the data held in the ABMs shall not change.

¢)  When the CLAMP instruction is selected, the state of the AT1 and AT2 pins shall be defined by the
data held in the TBIC control register (see 6.3).

5.4.4.2 Description

The optional CLAMP instruction selects the bypass register for connection between TDI and TDO in the
Shift-DR controller state. While the CLAMP instruction is selected, the states of all signals driven from system
output pins (analog and digital) are determined by the contents of the boundary modules. (These data can be
previously inserted, e.g., by using the PRELOAD instruction.)
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