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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Committees of the
IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards through a consensus develop-
ment process, approved by the American National Standards Institute, which brings together volunteers representing varied
viewpoints and interests to achieve the final product. Volunteers are not necessarily members of the Institute and serve with-
out compensation. While the IEEE administers the process and establishes rules to promote fairness in the consensus devel-
opment process, the IEEE does not independently evaluate, test, or verify the accuracy of any of the information contained
in its standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other dam-
age, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly resulting
from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly disclaims
any express or implied warranty, including any implied warranty of merchantability or fithess for a specific purpose, or that
the use of the material contained herein is free from patent infringement. IEEE Standards documents areAsipplied “

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. Every IEEE Standard is subjected to review at least every five years for revi-
sion or reaffirmation. When a document is more than five years old and has not been reaffirmed, 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 publishing and making this document available, the IEEE is not suggesting or rendering professional or other services
for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any other person or
entity to another. Any person utilizing this, and any other IEEE Standards document, should rely upon the advice of a com-
petent professional in determining the exercise of reasonable care in any given circumstances.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to specific
applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate action to prepare
appropriate responses. Since IEEE Standards represent a consensus of concerned interests, it is important to ensure that any
interpretation has also received the concurrence of a balance of interests. For this reason, IEEE and the members of its soci-
eties and Standards Coordinating Committees are not able to provide an instant response to interpretation requests except in
those cases where the matter has previously received formal consideration.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affiliation with
IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with appropriate
supporting comments. Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331

USA

Note: Attention is called to the possibility that implementation of this standard may require use of subjgct mat-
ter covered by patent rights. By publication of this standard, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. The IEEE shall not be responsible for identifying patents
for which a license may be required by an IEEE standard or for conducting inquiries into the legal validity or
scope of those patents that are brought to its attention.

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

(This introduction is not part of IEEE Std 1149.6-2003, IEEE Standard for Boundary-Scan Testing of Advanced Digital
Networks.)

The development of this standard was begun 21 May 2001, by an ad hoc industry Working Group called by
Agilent Technologies 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 ICs that support robust Boundary-Scan testing of
boards where signal pathways make use of differential signaling and/or AC-coupled technologies. This tech-
nology utilizes and is compatible with the existing IEEE Std 1149.1. 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 since expanded its charter to con-
sider topics now called “Advanced 1/O.”

The following is a list of participants in the Advanced I/O Working Group. Voting members at the time of
publication are marked with an asterisk (*).

William Eklow, Chair
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John Braden*
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C. J. Clark
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Tom Langford*
Richard Lawrence
Juan Lee

Adam Ley*
Dennis Lia
Daljeet Mondae
Charles Moore
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Sylvia Patterson
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Moises Robinson
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Bob Russell*
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The following members of the balloting committee voted on this standard. Balloters may have voted for
approval, disapproval, or abstention.

Morris Balamut Alan Herrmann Benoit Nadeau-Dostie
Carl F. Barnhart Clay Hudgins Kenneth Parker
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C. J. Clark Brion Keller Gil Shultz
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Heiko Ehrenberg G. E. A. Lousberg David Thompson
William Eklow Greg Maston Srinivasa Vemuru
Peter Harrod Yinghua Min Thomas W. Williams
Kazumi Hatayama James Monzel Peter van den Eijnden

When the IEEE-SA Standards Board approved this standard on 20 March 2003, it had the following

membership:
James T. Carlo,Chair
James H. Gurney,Vice Chair
Judith Gorman, Secretary
Sid Bennett Toshio Fukuda Nader Mehravari
H. Stephen Berger Arnold M. Greenspan Daleep C. Mohla
Clyde R. Camp Raymond Hapeman William J. Moylan
Richard DeBlasio Donald M. Heirman Malcolm V. Thaden
Harold E. Epstein Richard H. Hulett Geoffrey O. Thompson
Julian Forster* Lowell G. Johnson Howard L. Wolfman
Howard M. Frazier Joseph L. Koepfinger* Don Wright

Peter H. Lips
*Member Emeritus

Also included is the following nonvoting IEEE-SA Standards Board liaison:

Alan CooksonNIST Representative
Satish K. AggarwalNRC Representative

Noelle D. Humenick
IEEE Standards Project Editor
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IEEE Standard for Boundary-Scan
Testing of Advanced Digital Networks

1. Overview

1.1 Scope

This standard defines extensions to IEEE Std 11¥9dl standardize the Boundary-Scan structures and
methods required to ensure simple, robust, and minimally intrusive Boundary-Scan testing of advanced
digital networkst 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™149.4
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 /O test
structures.

1.2 Organization of the standard

Clause 1, Overview, provides an overview and context for this standard.

Clause 2, References, provides references necessary to understand this standard.

Clause 3, Definitions and acronyms, defines terminology and acronyms used in this standard.

Clause 4, Technology, is a tutorial that outlines the technologies addressed and utilized by this standard. This
clause does not contain rules.

Clause 5, Instructions, provides rules for instructions used for testing.
Clause 6, Pin implementation specifications, provides rules for I/O pin implementation.

Clause 7, Conformance and documentation requirements, provides rules for conformance and
documentation of devices designed to this standard.

Annex A, Applications and tools, shows how this standard is used in typical testing applications and how

devices conforming to this standard can be verified before manufacture and tested in production.

Linformation of references can be found in Clause 2.
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Annex B, Noise rejection in edge-detecting mode, gives guidance for designing test receivers with noise
rejection capabilities.

Annex C, Advanced I/0 Boundary-Scan Register cells, documents new Boundary-Scan Register cells used
by this standard.

Annex D, Test receiver design examples, shows how the input pins of some common logic families can be
designed to conform with this standard.

Annex E, A proposed “INITIALIZE” instruction, provides the outline of a proposed instruction that forcibly
initializes complex devices into a state where testing operations can then proceed. This instruction is not yet
fully developed nor is this portion of this standard normative. It is included here to alert the test standards
community about the need for such an instruction and to invite comment.

Annex F, Bibliography

1.3 Context

Figure 1 shows a printed circuit board containing many types of devices. Of these, some could be compliant
with IEEE Std 1149.1 for the support of testing activities. These devices contain Boundary-Scan testability
circuitry which allows them to participate in manufacturing tests that detect and diagnose faults such as open
solder joints, shorts and missing devices.

The additional testability elements added by this standard to these same integrated circuits (ICs) allow this
interconnect testing, with enhanced coverage, to be conducted on differential signal pathways and/or where
AC-coupling (which blocks normal DC Test Signals) has been used on signal paths between ICs.
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Figure 1—A printed circuit board containing a variety of components interconnected
by printed wiring. Some ICs contain IEEE Std 1149.1 features that support
Boundary-Scan interconnect testing.

This standard is built on top of IEEE Std 1149.1 using the same Test Access Port structure (with 4,
optionally 5 pins) and Boundary-Scan architecture. It adds the concept of a “test receiver” to input pins that
are expected to handle differential and/or AC-coupling. It adds two new instructions that cause drivers to
emit AC waveforms that are processed by test receivers.
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1.4 Objectives

The objective of this standard is to provide design guidance for testability circuitry added to an IC in
addition to testability provisions specified by IEEE Std 1149.1, such that when such an IC contains
differential signaling and/or is AC-coupled with other ICs compliant to this standard, board and system level
tests can be readily and accurately conducted, with enhanced defect coverage.

Devices that adhere to this standard that are used in differential and/or AC-coupled signaling environments
will realize significant savings in testing costs for boards and systems. Tools that are cognizant of the
capabilities provided by this standard will be able to prepare, run, and interpret these tests in a highly
automated fashion, with high diagnostic resolution.

This standard allows devices created by multiple vendors to operate together during testing despite the
differing characteristics and parameters of the IC processes used to fabricate the devices. This standard also
provides design guidance to board and system designers that will enhance the performance of the testability
features of their products. This in turn will reduce system and production costs.

2. References

This standard shall be used in conjunction with the following standards. When the following standards are
superseded by an approved revision, the revision shall apply.

IEEE Std 1149.1-2001, IEEE Standard Test Access Port and Boundary-Scan ArcHitécture.

IEEE Std 1149.4-2000, IEEE Standard for a Mixed-Signal Test Bus.

3. Definitions and acronyms

For purposes of this standard, the following terms and definitions apply. IEEETH®0\uthoritative
Dictionary of IEEE Standards TernSeventh Edition [B1f,should be referenced for terms and definitions
not defined in this clause.

3.1 Definitions
Defined terms appear bold type.

3.1.1 AC-coupling: The use of series capacitance signal path. This coupling will block DC voltages on

the drive side of the path from appearing on the receive side. Only the AC component of the driven signal
will pass through the coupling, with the effect of high-pass filtering imposed on the original €ignal.

trast: DC-coupling.

NOTE—AC-coupling may also be accomplished with transformers which, as with capacitive coupling, form a high-pass
filtered transmission structure. While the principles used and rules defined in this standard apply to transformer coupling,
this coupling technology is less often used and is thus omitted to simplify discussion.

2The IEEE standards or products referred to in Clause 2 are trademarks owned by the Institute of Electrical and Electieaiss Engi
Incorporated.

SIEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 18®&&yPisca
NJ 08855-1331, USA (http://standards.ieee.org/).

“The numbers in brackets correspond to those of the hibliography in Annex F.
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3.1.2 AC pins: Advanced I/Opins that require a time-varying (AC) signal to permit testing of their inter-
connections. This includes dlifferential signal pins and differential osingle-ended signabins that are
expected by design to suppA-coupling. Contrast:DC pins.

3.1.3 AC test modeA test modethat enables Boundary-Scan testing betwepins that areAC-coupled
or DC-coupled. AC testing of DC-coupled pins may enable testing that cannot be suppoid€t test
mode due to voltage level incompatibilitie€ontrast:DC test mode.

3.1.4 AC Test SignalA signal generated by th#C test modethat is used to modulate static test data into a
time-varying signal that can pass througrcoupling. A test receiver and detector is used to recover the
static test data value from within the time-varying signal.

3.1.5 Advanced 1/O:Input/output (I/O) circuits and protocols that are designed to convey digital informa-
tion, the interconnections of which cannot, either by design or by common usage, be adequately tested with
static digital signals such as those provided for in IEEE Std 1149.1. For example, such an I/O pin may be
self-referenced (i.e., to its own average voltage), or referenced to another I/O pin, rather than to a fixed volt-
age.

3.1.6 bias:A high-impedance (relative to line and termination impedance, typically >1000 ohms) voltage
source often used on the input of a mission receiver to cause it to output a deterministic state in the absence
of an input signal, and/or to select t@mmon-mode voltageseen by alifferential receiver in AC-cou-

pled signal paths.

3.1.7 bias network:A network of impedances, usually higher valued tteamination impedances and
usually located in or near the receiver, used to estabismanon-modeor reference voltage

3.1.8 Boundary-Scan testingTesting of interconnections between IC pins as supported by IEEE Std
1149.1 and this standard. This testing technology looks for manufacturing defectsighahgaths,which

include open solder joints, broken bond wires, shorted signal traces, damaged drivers and receivers, etc.
Tests are performed on many paths in parallel.

3.1.9 channelA signal path or set of signal paths that transmits a single data stream from a source to a des-
tination. See:differential signaling; single-ended signaling.

3.1.10 characteristic impedanceThe ratio of the complex voltage and complex current of a signal travel-

ing forward on a conductive path.glgnal path is oftenterminated with an impedance that matches the
characteristic impedance of the path. This makes the path appear to be infinitely long and prevents signal
degradation due to reflections that occur at unterminated ends of thBemtarmination.

3.1.11 common-mode noiseA noise signal added equally to batlgnal pathsin a differential signal
channel. Common-mode noise will affect or completely disrupt a single-ended measurement of a signal on
one leg of a differential receiver, yet thiferential receiver will accurately recover the signal within the
noise.

3.1.12 common-mode rangeThe range of common-mode voltage that a differential receiver is capable of
receiving while maintaining reliable signal recovery. A differential signal with common-mode voltage
within this range will be received correctly. Outside this range the receiver may fail to recover the data sig-
nal.

3.1.13 common-mode voltagefhe offset from ground of the mean of the maximum and minimum voltages
that appear on a pair of differential signalsdifferential driver will, by its operational characteristics,
define a common-mode voltaged#ferential receiver will properly receive data over a range of common-
mode voltages, but will likely have an optimal common-mode voltage where its performance is best. When
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the optimal common-mode voltage of a receiver is significantly different than that of it associated driver,
AC-coupling with appropriatdias can be used to match the two components of a differehtanel.

3.1.14 comparator: An amplifier with two inputs labeled positive and negative, typically with very high
input impedance. The amplifier usually has very high gain and produces an output signal that is the amplified
difference of the positive and negative input signals. For all but the smallest differences, the output will be
Vmax O Vimin» Which are the most positive and most negative voltages the amplifier can produce on its out-
put. A comparator can be used adifferential receiver. A comparator can be used to determine if an input
signal is logically above or belowraference voltage.

3.1.15 current signaling:A signal encoded by the amplitude and direction of current flow. In a differential
pair, a current signal is positive when current flows from positive to negative legs, and negative in the reverse
direction. The voltage that may appear on these same legs does not carry infofDoati@st:voltage sig-

naling.

3.1.16 DC-coupling:The use of simple wires or small series resistances in a signaCpathast:AC-cou-
pling.

3.1.17 DC pins:DC pins are single-ended pins that are DC-coupled. DC pins only need be equipped with
test resources defined by IEEE Std 1149.1. DC pins that are AC-coupled are not normally tessidphalas a
path, but may be testable as logically independent pins if there are enough test resources on@ah pin.
trast: AC pins.

3.1.18 DC test modeA test modethat enables tradition&8oundary-Scan testingbetweerDC pins that
areDC-coupled.Contrast:AC test mode.

3.1.19 defectA defect is an unacceptable deviation from a norm; for example, an open solder joint. Because
it is unacceptable, some remedial action is neesleetfault; manufacturing process defect.

3.1.20 deprecatedUsed in this standard for possible configurations or modes of operation that may not
operate reliably and should be either avoided or treated with special care. (Synonyms: disapproved, belittled,
discouraged, disparaged.)

3.1.21 derived voltage referenceA voltage reference derived from: 1) other references, such as a resistive
divider between power and ground, or 2) a resistive divider between two differential signals that recovers the
common-mode voltageof the signals.

3.1.22 differential driver: A driver that accepts a single data stream and drives it onto two independent sig-
nal paths where one signal is the inverse of the other. The two signals are centeregratrtbe-mode
voltage.

3.1.23 differential receiver:A receiver that recovers a single data stream encoded differentially on two sig-
nal paths. It effectively subtracts the signal on its negative leg from that on its positive leg. This eliminates
common-mode noisappearing on both legs.

3.1.24 differential signaling: The use of two independent signal paths in a channel to carry a single data
stream, where one path carries an inverted copy of the signal that appears on the other path. The original data
signal can be reconstructed by taking the difference of the two signals and there is no reliance on a reference
voltage for determining this signal. This has the property of eliminabngmon-mode noisen the trans-

mitted signalContrast:single-ended signaling.

3.1.25 encoding protocolA stream of data bits may be encoded into a new (typically longer) data stream
that has characteristics favorable for its transmission dmaanel. The encoded stream may have added
redundancy to support error correction. The encoded stream may have extra bits added to deliberately
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increase the number of transitions that appear in the stream, effectively raising its dpgguenty and
facilitating data transmission that encodes clocking information into the stream.

3.1.26 fault: A fault is a physical manifestation ofdafect. For example, an open solder joint (a defect) on
the input to an IC may cause one or more of its outputs to produce incorrect data (a physical manifestation).
In many cases, a fault and its causal defect are not co-located.

3.1.27 frequency:The number f} of transition pairs that occur on a signal path in a period of time,
expressed in Hertz (cycles per second). With respeaCiooupling, a frequency ifigh when the period

(1) is small compared to théne constant of the coupling. A frequency isw when the period is large
compared to the time constant of the coupling. The frequency appearing on a signal path may vary greatly
over time as a function of the data being transmitted and theniatding protocol.

3.1.28 float: The input to a receiver that is connected to an undriven signal, or a high-impedance connection
to a receiver input, is said tioat.

3.1.29 high-pass filter/An electrical network that passes higher frequencies and attenuates lower frequen-
cies. DC current is blocked.

3.1.30 HPLP_Ratio:High-Pass-Low-Pass Ratio, a multiplier used to derive the minimum ratio of high-pass
coupling time constantHP_Mult) to low-pass filter time constaritF_Mult ).

NOTE—See 6.2.3.1 and 6.2.3.3.

3.1.31 HP_Mult: High-Pass Multiplier, a multiplier used to derive the minimum high-pass coupling time
constant.

NOTE—See 6.2.3.1 and 6.2.3.2.

3.1.32 hysteresisFrom magnetics: lagging in the values of resulting magnetization in a magnetic material
(such as iron) subjected to a changing magnetizing force. In this standard, hysteresis refers to the memory of
an input state to an amplifier or buffer after that state is removed but before a different input state is applied.
Typically, there is a hysteresis threshold that defines the difference between “no input” and “input.” As
applied to electronics, a digital output circuit such as a comparator where the output switches to one output
state when the input is above one level and switches to the opposite output state when the input is below a
lower level, and the output does not switch at any intermediate level. Example: a buffer produces a high out-
put when a voltage above 0.5 volts is applied, produces a low output when a voltage below 0.3 volts is
applied, and does not change its output for voltages between 0.3 and 0.5 volts.

Hysteresis symbol in a buffer symbol:

3.1.33 hysteretic:Adjective form ofhysteresis,as in “hysteretic amplifier.”

3.1.34 interconnect testAn IEEE Std 1149.1 Boundary-Scan test designed to detect and diagnose defects
in the interconnection wiring between ICs. This standard extends the concept to include the testing of chan-
nels, where single-ended and differential signaling, and DC- or AC-coupling may exist.

3.1.35 load termination:A termination placed at the far end (away from the driver) sfgmal pathused
to match thecharacteristic impedanceof the pathContrast:source termination.
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3.1.36 low-pass filterAn electrical network that passes lower frequencies, including DC levels, and attenu-
ates higher frequencies.

3.1.37 LP_Mult: Low-Pass Multiplier, a multiplier used to derive the minimum low-pass filter time con-
stant.

NOTE—See 6.2.3.1 and 6.2.3.3.

3.1.38 manufacturing process defectA defectthat is an unacceptable by-product of the manufacturing
process. For board manufacture these include missing devices (ICs, resistors, capacitors, etc.), improperly
mounted devices (e.g., rotated 180 degrees), open solder joints, shorted solder joints, misaligned devices,
and incorrect and dead devices.

3.1.39 mission logicThe circuitry inside an IC that performs its primary design funct@omtrast: test
logic.

3.1.40 mission modeAn operational modein which a device performs its primary design functioan-
trast: test mode.

3.1.41 negative legThe signal path of a differential signal pair that has the opposite polarity as the original
data signal.

3.1.42 null: The input state where the two inputs to a differential receiver that are supposed to be different
(complementary) are instead receiving essentially the same value.

3.1.43 offset voltageA constant DC voltage added to an AC signal.

3.1.44 operational modesA device may function in several modes. For the purposes of this specification,
two primary modes are consider&ke:mission mode; test mode.

3.1.45 positive legThe signal path of a differential signal pair that has the same polarity as the original data
signal.

3.1.46 referenced terminationA termination for a differential channel where the two legs are both termi-
nated to aeference voltageThis reference has an impedance that is low relative to the termination imped-
ance, such that the two legs are independnitrast:bias network.

3.1.47 reference voltageA low-impedance voltage source typically used to define a threshold for compar-
ing signals. The low-impedance characteristic means it is resistant to conducting noise Gagriedst:
bias.

3.1.48 self-referenced comparisonThe comparison of a signal with a delayed, averaged version of the
same signal, used to detect signal transitions. This process does not need a static reference voltage to find a
transition in a signal.

3.1.49 signal path:An electrical pathway formed by a simple conductor, or a terminated pathway contain-
ing a series resistance, or an AC-coupled pathway containing a series capacitance that transmits a signal
from a driver to a receiver.

3.1.50 signal reflectionA signal wavefront traveling across a discontinuity in ¢haracteristic imped-

anceof thesignal path may have a fraction of its energy reflected in the opposite direction on the path. The
reflection may be of the same or opposite polarity and will add into the waveforms appearing on the path,
impacting their shap&ee alsotransmission line.
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3.1.51 single-ended signalingfhe use of a single signal path in a channel to carry a data signal. The signal
is referenced to a statieference voltage Contrast:differential signaling.

3.1.52 slew rateRate of change in either direction of voltage, measured in units of volts per second.

3.1.53 source terminationA termination placed near the source driver of a signal to satisfy DC current
requirements of a driver and/or to match ¢haracteristic impedanceof atransmission line structure to
reducesignal reflections.Contrast:load termination.

3.1.54 termination: An impedance usually near the end of a signal path used to satisfy the electrical match-
ing requirements of theharacteristic impedanceof the signal path and reducesignal reflections.The
impedance is typically low, often 100 ohms or |&ee alsocharacteristic impedance; load termination;
referenced termination; source termination; unreferenced termination.

3.1.55 test logicTestability logic defined by this standard and IEEE Stds 1149.1 and 1Cé8atdast:mis-
sion logic.

3.1.56 test modeAn operational mode of the device in response to the EXTEST or an AC testing instruc-
tion whereupon the pins are driving or receiving test data as controlled by the test logic of the device. The
device pins have been disconnected from the internal mission @mitrast mission mode.

3.1.57 test receiverA circuit, which can operate iAC test modeandDC test mode,that examines an
incoming signal. Its purpose is to extract test data from a signal that may have been altered by DC level shift-
ing or AC-coupling decay.

3.1.58 time constantTypically, the product of resistance and capacitance of an RC network (e.g., a high-
pass filter) measured in seconds. One time constant is the time for a capacitor to discharge 63% of its voltage
through a resistor. In AC-coupled systems, the termination resistance combined with the coupling capacitor
forms ahigh-pass filter.

NOTE—In discussions comparing time periods to time constants, a period is significantly longer (shorter) than a time
constant if it is five (one-fifth) times the time constant value. For example, as shown in Figure 2 using the five-time-con-
stant rule, a signal will decay to 0.7% of its original value. The one-fifth-time-constant rule means that 81.9% of a signal

still remains.
Signal Decay versus Time
1.2
1
*
0.8+
>
g o6 %
Q *
(= *
0.4 28
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0.2 0’0‘ $.
%0,
0 bt dad T2 IOV 000000050
0 1 2 3 4 5 6
1/5 Time Constant Time in Time Constants 5 Time Constants

Figure 2—Signal decay versus time in units of time constants

3.1.59 transition: A voltage transition occurs when a signal traverses a specified voltage range in a specified
time in either directionSee:slew rate.
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3.1.60 transmission lineA signal path with a specific construction that produces a uniform, knclar-
acteristic impedancealong its length. This minimizes degradation of a signal passing along this path that
can result from impedance variations.

3.1.61 unreferenced terminationA termination for a differential channel where a termination impedance

is connected between the two legs with no connection to a reference voltage.

3.1.62 voltage signalingSignals are encoded by the voltage appearing on a wire compared to a reference
voltage (single-ended) or the voltage appearing on a pair of wires (differebtiatjast:current signaling.

3.2 Acronyms

AC

BSDL
CML
CMOS
DC
HPLP_Ratio
HP_Mult
IC

ICT
LP_Mult
LVDS
LVPECL
PECL
PLL
SERDES
TAP
TCK

TDI

TDO
T™MS

TRST

alternating current (used here for any time-varying voltage)
Boundary-Scan Description Language

current mode logic

complementary metal oxide semiconductor
direct current (used here for static voltage levels)
High-Pass-Low-Pass Ratio

High-Pass Multiplier

integrated circuit

in-circuit test

Low-Pass Multiplier

low-voltage differential signaling

low-voltage PECL (pseudo emitter-coupled logic)
pseudo emitter-coupled logic

phase-locked loop

serialize/deserialize

Test Access Port (from IEEE Std 1149.1)

test clock

test data in

test data out

test mode select

test reset
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VHDL VHSIC High-Level Design Language
VHSIC very high-speed integrated circuit

4. Technology

The presence of coupling capacitors on-chip interconnects, whether they are discrete devices mounted on a
PC board or integrated inside an IC, prevents DC values from being driven between a driver and receiver. An
AC Boundary-Scan methodology must therefore use a time-varying signal to pass through the AC-coupling
when in AC test mode.

Differential signaling is often used to increase signaling speeds and noise immunity, compared to single-
ended signaling. Differential signaling, combined with termination schemes, can have significant defect
masking properties that reduce test effectiveness. (See 4.3.)

This clause contains tutorial discussions of AC-coupling, differential signaling, and the effects of defects in
such circuits needed to understand Advanced I/O testing technology. Rules based on these technologies are
found in subsequent clauses.

4.1 Signal pin types

It is expected that a chip possessing pins requiring AC-coupling may also possess “normal” pins (i.e,
intended to be DC-coupled) as well. These DC pins would supply data and/or control to/from portions of the
chip that do not require AC-coupling. For test purposes, it is necessary that all these pins be tested
simultaneously with an EXTEST-like capability because that is how shorts (unwanted connectivity) between
these pins are reliably detected and diagnosed. It is desirable for higher test throughput to test all pins
simultaneously with an EXTEST-like capability as well.

NOTE—There are some issues related to simultaneously switching all outputs during the EXTEST instruction. These
issues will be discussed in later clauses. The implementation of EXTEST on AC and DC pins will provide the needed
shorts detection and minimize the noise due to simultaneous switching.

This standard will refer to DC and AC pins henceforth. DC pins are those for which IEEE Std 1149.1
provides adequate testing. AC pins are those Advanced I/O that require additional test resources in order to
be adequately tested, including those pins intended for AC-coupling or differential signaling.

AC pins are a principle target of this standard. IC designers implementing this standard are expected to
identify such pins and add new test capabilities for them.

4.2 Signal coupling and coupling combinations
This subclause reviews a range of coupling options.
4.2.1 Single-ended DC

A basic, single-ended connection scheme is shown in Figure 3, along with the Boundary-Scan control and
observation capability specified by IEEE Std 1149.1. This type of coupling has been quite common and is
very testable using Boundary-Scan.

It is important to note that in a typical Boundary-Scan test, the time between launching a signal from a driver
(at the falling edge of test clock (TCK) in thipdate-DRor Update-IRTAP Controller state) and capturing
that signal (at the rising edge of TCK in t@apture-DRTAP Controller state) is no less than 2.5 TCK
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cycles. Further, the time between successive launches on a driver is governed not only by the TCK rate, but
by the amount of serial data shifting needed to load the next pattern data in the concatenated Boundary-Scan
Registers of the Boundary-Scan chain. Thus the effective test data rate of a driver could be thousands of
times lower than the TCK rate. For DC-coupled interconnect, this time is of no concern. For AC-coupled
interconnect, the signal may easily decay partially or completely before it can be captured. If only partial
decay occurs before capture, that decay will very likely be completed before the driver produces the next

edge.
Update DR ¢ 2.5 TCK Cycles —»
v, ~
TX /
| | VL
—Plc|u clur v,
Z 4 RX
vV,
TX RX L N P

Propagation Capture-DR
Figure 3—Basic single-ended signaling with Boundary-Scan control and observation

4.2.2 Single-ended AC

Figure 4 shows an AC-coupled single-ended connection. (The termination resistor and voltage source shown
may actually reside within the IC.) The size of the capacitors used is determined by the mission
requirements of the coupling and may vary widely across applications. While the devices may have been
designed for DC-coupling and actually contain Boundary-Scan resources, the AC-coupling will block their
operation. This interconnection configuration could only be tested at very high TCK frequencies or lower
frequencies with very large coupling capacitors, and even then the results may be unreliable. TCK
frequencies are likely to be significantly lower than the normal operating frequency of the channel being
tested. Thus the data seen by the receiver may decay before it can be captured.

Update-DR
Vy |
> \/
1 I
Vi
—Pclu —| clup VH
: AN
\Y
TX RX L Vad
\& Capture-DR

Figure 4—Basic single-ended signaling with AC-coupling

In general, AC-coupling can distort a signal transmitted across a channel depending on its frequency. For
example, Figure 5 shows a channel transmitting a high and low frequency waveform across an AC channel
and observed at the input of the receiver. The high frequency signal is relatively unaffected by the coupling.
The low frequency signal is severely impacted. First, it decays &ftér a few time constants. Second, its
amplitude is double the input amplitude. A key item to note is that the transitions in the original signal are
preserved, although their start and end points are offset compared to where they were in the high frequency
case.
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Figure 5—High and low frequency response of an AC-coupled channel

4.2.3 Differential DC

Figure 6 shows a basic differential DC-coupled signal path. The termination resistor may exist for
impedance matching and/or source termination of the driver. The placement of Boundary-Scan resources is
optional per IEEE Std 1149.1 in that they can be omitted altogether. The IEEE Std 1149.1 standard allows a
designer to designate the differential signal path as “analog.” Then the digital-to-analog and analog-to-
digital interfaces (optionally) can be provided with Boundary-Scan resources as shown in Figure 6. When
this option is taken, it is then possible to test the analog signal path with Boundary-Scan algorithms. In this
case, the signal path is viewed by the test logic as if it were single-ended, leading to diagnostic ambiguity
and possible loss of test coverage (see 4.3).

H
g . '
. NG )
—Hclu Rg clup -
% /% Vi /
B
X Delay d RX /
Vi

0 d 2d

Figure 6—Basic differential signaling with DC-coupling and source loading

The driver in Figure 6 could be producing a voltage signal, and the resistor is used to match the signal line
impedance. Alternatively, the driver could be producing a current signal, where the direction of flow
represents data, and the resistor is needed not only to match signal line impedance, but also to provide a DC
current path to satisfy the driver's requirements. This is called a source termination.

The driver in Figure 6 is looking into a terminatiog &d transmission lines with characteristic impedance

Rg as well. This forms a voltage divider which sends 1/2 the signal into the transmission lines. When the
signal wavefront reaches the receiver (after delay d) its high impedance does not match the characteristic
impedance which reflects the signal back down the lines toward the driver. This signal (1/2 the driver
voltage) adds to the signal received so that the receiver perceives a full voltage swing. After the second
transmission line delay d, the reflected signal reaches the driver and brings the voltage seen there to the full
level. Thus a clean transition is seen at the receiver, but the signal seen at the driver is a two-step staircase.
Since there is an impedance match at the driver, no new reflections occur.

In the case where the impedancgi®Rmoved to the receiver (to the right of the transmission lines), this is
called load termination (and the resistor is renamedR shown in Figure 7. Now the driver is looking into
the transmission lines with characteristic impedancerlRe full waveform is transmitted (no divider is now
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present) and this edge propagates to the receiver. At the receiver, the termination resistor matches the line
impedance, and thus there is no reflection. The waveforms at both the driver and receiver are full transitions.

sy L
_;;U R% " ;u— VLA /
% e/ F Vi

X Delay d RX

0 d

Figure 7—DC-coupled driver and receiver with load termination

Figure 8 shows a driver/receiver pair that has been both source and load terminated. In this case, the voltage
swing seen on both sides of the transmission line has been divided by two{eofeal® R). This type of
termination assures that in the case of an imperfect impedance match, the resulting reflections can be
attenuated at both ends of the line.

v/A BX Vi
A
1 A 4 i 1 v //
—Hclu R RL% clut -
) 1 f Vi
B
TX Delay d RX /
V /
L
0 d

Figure 8—DC-coupled driver and receiver with both source and load termination

4.2.4 Differential AC

Figure 9 shows AC-coupling of a voltage driver and receiver whose voltage levels are assumed to be
incompatible for DC-coupling (the voltage levels used by the driver are too far removed from the acceptable
common-mode range of the receiver). The bias network referenced to the common-mode voltage source
Vgias (the optimal common-mode point of the receiver) along with the DC blocking effect of the coupling
capacitors forms a level shifter that allows this configuration to work properly. This enforced compatibility is

a common reason why board designers may use AC-coupling. The size of the capacitors used is determined
by the mission requirements of the coupling and may vary widely across applications.

NOTES

1—The receiver waveforms in Figure 9 will decay tg.\if the driver frequency is low compared to the time constant
of the coupling network. Since Boundary-Scan test data application rates can be low, the receiver may indeed see float
(undriven) levels due to signal decay.

2—It is assumed in Figure 9 that the distance betwgesmB the receiver inputs is small, such that there are no signifi-
cant transmission line effects beyond R

Figure 10 shows a basic differential AC signal path with an unreferenced termination. The termination is
used for impedance matching. The driver is a voltage driver and thus does not need a source termination to
provide a current path.
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Figure 9—A basic differential AC signal path with load termination and receiver
common-mode generation using a bias network

Figure 11 shows a basic differential AC signal path with a current driver and source termination and also a

referenced bias generator to select the common-mode voltage appropriate for the receiver. The source
termination may also serve as an impedance match for the line. The bias network may use significantly
higher value resistors as long as the line distance from the capacitors to the receiver is small. This will

significantly increase the time constant of the coupling network.

| —O 2 .

—Hclu clur
5 —0 /_’4\

X RX

Figure 10—A basic differential AC signal path with unreferenced termination

' I + '
—Pc|u R Vg clup
5 a_r— y F
X RX

Figure 11—Basic differential AC signal path with source termination and bias provision

Finally, all the terminations, bias networks, and even the coupling capacitors may ultimately be integrated
into the receiver IC. Externally, the signal path appears to be DC-coupled but internally it is still AC-
coupled, as shown in Figure 12. On-chip component defects will not need to be tested during board test.
Thus only the interconnect defects (typically solder) will be relevant.

. O A i% D .
—PHclu Rg % Vaias clvr
£ Oy | / F
RX

TX

Figure 12—AC-coupling, termination, and bias generation internal to the ICs
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4.2.5 Intention: When AC capability is DC-coupled

The standard for AC testing proposed herein is intended to be implemented on AC pins of an IC. However,
there is the possibility that a board designer may still choose to use DC-coupling between devices that are
DC compatible. Thus a test developer could find a situation where AC testing is needed to test a DC-coupled
signal path. This could occur when more than one AC-capable interface exists on an IC and one is AC-
coupled while another is DC-coupled. The test developer would need to load an AC testing instruction into
the device to test the AC-coupled interface. It is the intention of this standard that if DC-coupling of AC-
capable interface is possible and gives acceptable mission performance, then the AC test performance will

also be acceptable.
P i

P2 i
:\ A TX3 RX3

TX1 RX
AC Capable
Im
i
2 VBiaso_l /} VBiaso_‘
i

TX2 RX2 TX4 RX4

Figure 13—Combinations of AC-capable drivers and receivers connected to
conventional drivers and receivers
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For example, in Figure 13 a conventional IC (TX1, containing only EXTEST support) is DC-coupled to
receiver RX1. An AC-capable driver TX2 is also connected to the RX2 receiver. To test all the signal paths
simultaneously, the conventional device TX1 must be in EXTEST, while the other two use an AC testing
instruction. If TX1, TX2, RX3, and RX4 are all AC-capable, then it is the intent of this standard that all of
these configurations should be testable. If TX1, TX2, RX3, and RX4 are not AC-capable (only support
EXTEST), then the configurations may or may not be testable. See a summary of capture behaviors for
various coupling and testing scenarios given in 4.10.

4.3 The effects of defects

Defects are abnormalities in the structure of a circuit board (or similar assembly) that occur during
manufacturing that must be found and corrected. This “manufacturing defect” model includes things like
open solder joints, shorts, missing components, and dead devices. Not included in this model are
performance-related issues, for example, the failure of a device to operate at its highest specified frequency
at —40 degrees centigrade. This recognizes the traditional role of IEEE Std 1149.1 as a test standard for
board level manufacturing defects.

The advent of AC-coupling, especially in the differential signaling domain, threatens this role. Boundary-
Scan testing is inherently a “DC” technology. Further, there is inherent redundancy in differential structures
that can mask the presence of seemingly obvious defects. An example is shown in Figure 14.

In this case, the positive leg of the circuit is eliminated by a defect, for example, an open solder joint on the
capacitor. Yet the receiver still receives the negative leg signal and compares it g th#age (assuming

that Vet iS a true voltage source with negligible impedance). The receiver will still produce the correct
output, although its common-mode noise rejection capability is completely compromised. This might not be
noticed until subsequent functional or performance testing is encountered. There it may show up as an
elevated bit error rate that would not provide very much diagnostic information. This simple example
illustrates why it is important to monitbothlegs of a differential pair independently, as covered in 4.6.4. In

this case, the positive leg exhibits the “float” syndrome, or is simply said to float. In this case, the
terminations (which may be internal in some devices) hold the leg at the reference voltage.
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Figure 14—An AC-coupled differential path containing a defect (A) and an
equivalent circuit (B)

Open

N

+

A B

Figure 15—A null signal defect condition (A), where both legs see near-identical rather
than complementary signals in the equivalent circuit (B)

The same defect, but with different termination, creates what is calleditt®/ndrome, shown in Figure

15. As a result of unreferenced termination, the open defect allows the signal on the negative leg to appear on
both legs of the receiver, in phase rather than 180 degrees out of phase. Note the termination resistance and
parasitic capacitances, etc., may make the signal on the two input pins slightly different, and the mission-
mode receiver may respond unpredictably to these small differences.

One defect in particular may be troublesome to detect in AC-coupled structures: the shorted capacitor. This
defect restores DC-coupling. This defect may go unnoticed particularly in differential signal paths,
especially when the DC characteristics of the driver and receiver are reasonably similar. For this reason, it is
important to support the standard EXTEST instruction, because it can be used to test for shorted capacitor
defects. This can be done by supplying a stream of Os and 1s to the driver side of the capacitor and showing
that this stream does not show up on the receive side, i.e., it has been blocked by the capacitor. This assumes
that the EXTEST instruction is changing the data at a slow enough rate to allow the signals to decay.

When a net is AC-coupled and may be used with unreferenced termination, as shown in Figure 15, it is
important that the receiver provide some sort of bias voltage (usually high impedance) to center the input
signals at the optimal voltage offset for the mission receiver. Several defects produce the float syndrome
described above, where the input just sits at this bias level. It is important to detect this condition for proper
defect detection and diagnosis, meaning that for test we need to detect and capture any of three input states:
avalid ‘1, a valid ‘0,’ and an invalid, or floating, input.

Finally, it is important to realize that for the defects that occur in high-speed circuits (where slew rates are
often faster than signal path transmission delay), the transmission lines may alter the circuit’s faulty behavior
as shown in Figure 16. Simulation of the circuit's behavior may be necessary to understand the effects of
defects. It is important to consider transmission lines as components of the simulated model when slew rates
are elevated.
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Figure 16—A defect may interact with transmission lines to produce unusual effects

4.4 Defects targeted by the standard

This standard (as well as IEEE Std 1149.1) provides test support for detecting “manufacturing process
defects” that are found on printed circuit boards coming out of the manufacturing process. These defects
include missing devices (ICs, resistors, capacitors, etc.), improperly mounted devices (e.g., rotated 180
degrees), open solder joints, shorted solder joints, and misaligned and dead devices. This standard focuses
on those defects concentrated in AC-coupled and/or differential channels. As seen in 4.3, these defects may
be difficult to detect or may be effectively masked from detection. Figure 17 and Table 1 show a
representative set of defects considered by this standard. Note the model shows a single unreferenced
termination, but the table gives results for other termination schemes.

1-
+
2 —
]
TX1 c2 RX1
1 1
i
X2 RX2

Figure 17—General AC-coupled channel and nearby DC channel used to
illustrate defects

The least predictable defect syndromes occur when two signals driven by drivers of different technologies or
protocols [for example, a differential LVDS driver and a “standard” single-ended complementary metal
oxide semiconductor (CMQOS) driver] are shorted together. The two shorted signals tend to “average” as the
drivers fight to control the combined net, attenuating the transition amplitude on the differential leg, though
often not enough to prevent detection of the transitions. When the “other” net is shorted to one driver leg of
a true differential driver (defect 12), both outputs of the driver will tend to track each other. As the short
forces one output to a voltage different from its normal common-mode voltage, the other tends to follow.
When the “other” signal transitions, this will appear to put large, same direction (common-mode) transitions
on both legs of the driver. When the “other” net is shorted to one receiver leg of an AC-coupled channel
(defect 13), it will control the center voltage of the received signal, possibly forcing it outside the common-
mode range of the test receiver. The information that would allow detection and isolation of many defects is
not only in the differential transitions, but also in the levels created by some defects. As a result, some
defects may actually be easier to detect and diagnose using the IEEE Std 1149.1 EXTEST than using AC test
instructions. For these and other reasons, it is necessary to perform a full interconnection shorts test of the
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board using EXTEST in all chips in addition to any AC test instructions, and base defect detection and
diagnosis on the combined results.

The syndrome information presented in Table 1 is the result of hundreds of analog simulations on specific
Different results can be expected for other technologies or

implementations. Therefore, it is highly recommended that test receiver designs under consideration be
simulated for both defect-free behavior and how they react to channel defects.

technologies and circuit designs.

Table 1—Potential defects for the circuit in Figure 17

18

Copyright © 2003 IECE. Al vightgteserved

DefectID Defect site . Typical receiver AC test syndromes
(Note 1) Possible defect cause(s) (Note 2)
1 TX1 pin 1 open Open solder joint, broken Pin-1-follows-pin-2 null, possibly with
bond wire detectable reflections on both pins (unrgf-
erenced), or pin 1 float (referenced)
2 C1 pin 2 open Open solder joint, missing Pin-1-follows-pin-2 null (unreferenced),
capacitor or pin 1 float (referenced)
3 RX1 pin 1 open Open solder joint, broken Pin 1 float
bond wire
4 TX1 pin 1 short to VDD Pin-to-pin short, solder | Pin 1 float, possibly with detectable
splash reflections if unreferenced
5 TXI pin 1 short to ground Pin-to-pin short, solder | Pin 1 float, possibly with detectable
splash reflections if unreferenced
6 TX1 pins 1, 2 shorted Pin-to-pin short, solder Both pins float, transients at switching
together splash times suppressed by voltage and time
hysteresis
7 C1 pins 1, 2 shorted Solder splash, internal Pin 1 passes EXTEST, which would nof-
together shortin C1 mally “fail” due to DC blocking of capac
itor
8 C1 pin 1 short to C2 pin 2 Pin-to-pin short, solder | Pin-2-follows-pin-1 null, or both pins
splash float (high frequency shorted legs, low
frequency driven by driver pin 1)
9 RX1 pin 1 short to VDD Pin-to-pin short, solder | Pin 1 float, stuck-at-1 detected by
splash EXTEST. Pin 2 common-mode shifted
and may also appear to be stuck-at-1 i
EXTEST (unreferenced).
10 RX1 pin 1 short to ground Pin-to-pin short, solder | Pin 1 float, stuck-at-0 detected by
splash EXTEST. Pin 2 common-mode shifted
and may also appear to be stuck-at-0 if
EXTEST (unreferenced).
11 RX1 pins 1, 2 shorted Pin-to-pin short, solder | Both pins float (transients at switching
splash times suppressed by voltage and time
hysteresis)
12 TX1 pin 1 short to TX2 pin| Pin-to-pin short, solder There are a large number of effects of
1 splash device-to-device shorts. See text.
13 RX1 pin 1 short to RX2 pin| Pin-to-pin short, solder There are a large number of effects of
1 splash device-to-device shorts. See text.
14 R pin 1 open Open solder joint, missing Much longer time constant on both ping
resistor (unreferenced) or just pin 1 (referenced),
which may “pass” EXTEST.
NOTES
1—Defects that are equivalent by symmetry are omitted.
2—Referenced termination (to low-impedance voltage sources) will isolate legs, while unreferenced termingtion will
allow interactions between legs. This produces differences in faulty behavior.
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4.5 Differential termination and testability

Extensive study of differential channels and the effects of defects within those channels has shown that the
effects of defects are heavily influenced by the termination schemes used. There are three functions of
terminations:

— to provide for proper DC current paths needed for proper driver functioning (usually source termina-
tion),

— to provide impedance matching of transmission lines, and

— in some AC-coupled cases, to set common-mode operating points for the receiver.

A given termination may provide one or more of these functions. The following subclauses discuss
termination options.

4.5.1 Unreferenced termination

Source termination is often needed for current signaling technologies where the direction of current flow is
used to encode binary data. A typical example is a low-voltage differential signaling (LVDS) driver/receiver
pair. Since all differential receivers operate by comparing voltages, a current signal is translated into a
voltage signal for that comparison. Figure 18 shows an LVDS driver DC-coupled to a voltage receiver,
where Ry provides both source termination and impedance matching. The direction of current flow
represents data.

NOTE—It is assumed thatRs placed very close to the receiver so that any transmission line effects are only present
between the driver and the resistor.

Current Source
I=35mA

01 m

Figure 18—LVDS driver and receiver, DC-coupled

This form of termination is called unreferenced because there is a single registtiteR than two resistors

center tapped to a reference voltage (seen later in Figure 20). In effect, the receiver is referenced to the
common-mode voltage of the driver/resistor combination. This means the receiver's common-mode range
must be compatible with the driver’s output

Figure 19 shows an unreferenced AC termination. ResisiatilR provides source and line termination.
Resistor R provides termination and a current path on the receive side, since the comparator input
impedance is effectively infinity. Notg Rand C determine the time constant of this coupling.
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NOTE—The receiver in Figure 19 will have its own biasing circuitry built-in to establish its common-mode operating
point.

If the time between signal transitions is long, the voltage acrosgilRdecay to zero volts or a null input
condition with results that may be undefined. Note that some defects can also cause this to occur, such as a
missing capacitor, C. In this case, both inputs get essentially the same signal, resulting in a very small
differential signal, if any.

Current Source
I=35mA

<
<

01m

Figure 19—LVDS driver and receiver, AC-coupled with unreferenced termination on the
receive side

4.5.2 Referenced termination

Figure 20 shows an AC-coupled, referenced termination. This type of termination is used to set the common-
mode voltage of the receiver at its optimal value (hegg,V Resistors B along with capacitance C
determine the time constant of the coupling. The valuegomBy be larger, simply providing bias and a

larger time constant, or may be smaller to provide bias, load impedance matching, and a smaller time
constant. In the referenced termination case, if a defect such as a missing capacitor is present (this defect is
shown in Figure 14) the leg with the missing capacitor will sggsWhile the other leg will see a valid

signal. (The unreferenced case presented both legs with essentially the same signal, a null input state.) Since
test structures are to be added to both legs (see 4.6.4) they will respond in a deterministic way.

NOTE—It is assumed here that thg;){ reference has low enough impedance to isolate the two legs. If this is not true,
then the receiver may see signals more like the null condition.

4.6 Test signal implementation

In order to test the various combinations of single-ended and differential signal paths with variations on
coupling, modifications have to be made to the drive and receive sides of the path.
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Current Source
I=35mA

0,1m

Figure 20—LVDS driver and receiver, AC-coupled with referenced termination on the
receive side

4.6.1 Single-ended drive

Figure 21 shows a single-ended output stage modified in the familiar way given by IEEE Std 1149.1 for test
purposes. One of two signals, the normal mission signal or test data is selected for transmission by a mode
signal. (This figure does not show the full detail of the Boundary-Scan Register cells that supply test data.)
The test data is either the content of the Boundary-Scan Register Update latch (U) when executing the (DC)
EXTEST instruction, or an “AC Signal” when an AC testing instruction is loaded into the device. The AC
signal is a test waveform suited for transmission through AC-coupling. The concept here is that the single-
ended driver itself is not modified and no additional logic is inserted into the mission signal path except the
multiplexer already required by IEEE Std 1149.1, which is to select the path between mission and test data.
The multiplexer selection for AC mode is not inserted in the mission data path, but in the test data path.

Mode

Mission

[v}—0

AC Signal —1

AC Mode TX

Figure 21—A single-ended driver path

4.6.2 Differential drive

There are two options for implementing a differential driver when incorporating test. The first is shown in
Figure 22 where the selection between test and mission data is performed before the conversion to
differential signaling. This means there will be only one data stream presented to the two differential pins
and that the data will be transmitted in true differential form, using either current or voltage modes of the
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driver in question. Due to aggressive performance requirements in some higher-speed driver designs, it is
expected that this option will often be chosen.

Mode

Mission —

[v}—0 i 1

AC Signal —

-

AC Mode TX

Figure 22—Full differential driver for both mission and test modes.
(More common choice.)

A second option for implementing testability in a differential driver is shown in Figure 23. In this case, the
mission mode signal path is differential, while in test mode the mission driver is disabled and two single-
ended drivers with independent test data sources are enabled. Each controls a single side of the differential
signal path. During test, the path is now a pair of independent single-ended signals. The two new single-
ended test drivers must have similar drive characteristics as the mission driver to assure they are compatible
with the loading and coupling that the mission driver would encounter.

NOTES

1—1In describing this case in BSDL (see 7.2 and 7.3), the test mode of the driver signals are described, which is single

ended. Thus the signal pair is not described as differential. (See the Grouped port identification, B.8.8 in IEEE Std
1149.1-2001.)

2—If such a device supports IEEE Std 1149.4, then the structure in Figure 23 may be implemented, but with drivers of
insufficient drive capacity to drive the load impedance. (This is because IEEE Std 1149.4 may implement the digital
“driver” with relatively high-impedance switches.) In this case, a hybrid of Figure 22 and Figure 23 may be implemented

where AC testing operates using the model in Figure 22.

AC Mode
l— 0
AC Signal1 14
L 4
Mission
4
Mode
Ot
AC Signal 2 —1
X
AC Mode

Figure 23—Differential mission/single-ended test mode driver. (Less common choice.)

This option has desirable testability and diagnosibility features in that it removes some of the redundancy
inherent in differential signaling, but it also reduces some of the noise immunity that differential signaling
affords and may generate more noise during testing since the test signals on the two legs are no longer
balanced and offsetting. There is additional cost in that the drive specifications (slew rate and amplitude) for
the two added drivers must be substantially similar to those of the mission driver, into the mission load.

Documents

22 Copyright © 2003 IFLE. Al ghtsyeserietnt Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 10:39:46 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1149.6-2003


http://www.avadocuments.com/doc/ieee-1149-6-2003
http://www.avadocuments.com/doc/ieee-1149-6-2003

IEEE
TESTING OF ADVANCED DIGITAL NETWORKS Std 1149.6-2003

There may be unacceptable mission performance degradation with this approach that makes it the less
commonly chosen option.

4.6.3 Single-ended test signal reception

Figure 24 shows two options for single-ended test signal reception, again familiar from IEEE Std 1149.1, but
with a provision for detecting an AC Test Signal when an AC testing instruction is loaded in the device.
When an AC testing instruction is loaded, a specialized test receiver (see 4.7) detects transitions of the AC
signal seen at the input and determines if this represents a logic ‘0’ or ‘1.’ When EXTEST is loaded, the
input signal level is detected and sent to the output of the test receiver to the Boundary-Scan Register cell.
One option shown in Figure 24 supports INTEST (control and observe capability), and the other uses a
simpler observe-only structure that will not support INTEST.

| Mission | Mission
|—i-—I—c u ’——i-c
Test . . Test l
Receiver Receiver
| Mode |
AC Mode AC Mode
RX (Control and Observe) RX (Observe Only)

Figure 24—Single-ended signal reception, with and without support for the INTEST
instruction

NOTE—The test receiver may be connected to the output of the mission input amplifier if it is a true amplifier (e.g.,
unity gain) rather than a threshold comparator. The test receiver is intended to process the actual waveform seen at the
input pin, not an interpretation of the waveform.

A single-ended receiver has some form of reference used to distinguish a ‘0’ from a ‘1’ and this feature is
used during (DC) EXTEST as well. However, during AC testing, the signal may decay to some intermediate
value that cannot be reliably received by the mission receiver. The test receiver is therefore used to sense the
AC Test Signal transitions.

4.6.4 Differential test signal reception

A differential receiver is modified for testability as shown in Figure 25. Optionally (via IEEE Std 1149.1),
the mission differential receiver path is modified to capture test data seen by the mission receiver in
differential mode. The mission receiver itself is unmodified.

Each leg of the differential signal path has its own added test receiver. The purpose of each receiver is to
monitor a leg of the signal path independently. A test receiver is required on each pin to provide adequate
defect coverage and diagnosis capability.

NOTE—No variations in the test receiver are needed for INTEST support since this is an observe-only monitor.

Again, when an AC testing instruction is loaded, the specialized test receivers (see 4.7) detect transitions of
the AC signals seen at the inputs and determine if these transitions represent a logic ‘0’ or ‘1. When
EXTEST is loaded, the input signal level is compared to a fixed reference designed into the test receiver.
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| Test | Test .
Receiver Receiver
AC Mode Optional, AC Mode
} +
' Mission
________ >
Optional, .
from 11491 —4 .~ g
L | Test L Test
Receiver ¢ Receiver ©
AC Mode AC Mode
RX Control and Observe RX Observe-Only

Figure 25—Differential signal reception, with and without support for the INTEST
instruction

4.6.5 Coupling compatibility and EXTEST

When a test receiver is DC-coupled to a driver, either by design or due to a shorted capacitor, and the
EXTEST instruction is executed, then one of two effects will be seen:

— if the driver voltage levels bracket the threshold value(s) of the test receiver (i.e., one is above and the
other below), the driven data will be captured, or

— if the driver levels do not bracket the threshold value(s) of the test receiver, then a static (stuck-at)
value or only one polarity of the data will be observed by the test receiver.

Thus, interconnects between DC-coupled differential ICs may or may not pass data when performing
EXTEST. (This is a reason to use an AC testing instruction even when AC pins are DC-coupled.) It is
probable (at least for single-ended signals) that the fact they are DC-coupled in the mission design indicates
they will pass EXTEST data. Test generation tools should examine the logic family information of the two
ICs to determine if this will happen.

NOTE—Logic family information is not included in the definition of BSDL and must come from other data sheet
sources.

Since the signals on a DC-coupled differential pair may contain a significant common-mode offset as well as
the test signal, the design of the AC test receiver must account for the fact that there is no fixed reference
available to discriminate a logic ‘O’ from a ‘1. A general discussion of the test receiver is given in 4.7, 4.8,
and 4.9, and rules for its implementation are given in 6.2.

4.7 Test receiver support for AC testing instructions

The principle purpose of the test receiver seen in Figure 24 and Figure 25 is to extract a test signal even
when the received signal contains an unknown offset. Because of the offset, a simple comparison of the test
signal to a static reference may not reliably extract the test signal. Using the opposite leg of the pair as a
reference (as is done by the mission receiver) will often mask important defects. A solution is to look for
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information contained in th&ansitions of the signal. These will be independent of the offset seen in
Figure 26. Valid transitions have a defined voltage s@v@nd transition timet.

At
V2 b -
% A
= AV
~vi- Y
: Unknown offset
[ [
t1 12 t3 t4
Time

Figure 26—A signal with unknown voltage offset and the signal transitions it contains

One way to find the transitions in a signal with an unknown offset is to compare the signal with a delayed
version of itself, that is, to use its recent history as a reference. This is illustrated in Figure 27. The original
signal, a delayed version, and the output of the hysteretic comparator are shown. The output is a faithful
reconstruction of the original waveform, delayed by the time it takes for the input waveform to pass the
hysteresis threshold. The output waveform has been converted to standard logic levels, that is, the unknown

offset is removed.

—» i4— Hysteresis Delay
| Hysteresis Offset
A \\ * Input
B \ Reference
C \ Output

—»] € Receiver Response
d- »

Delay D

ey )
B

Figure 27—Delayed self-referenced reconstruction of a DC-coupled input waveform with
unknown voltage offset

It will be important to assure that the delay D is longer than the transition times to be sensed. The use of
hysteresis (the hysteresis voltage) can eliminate unwanted response to small signal noise (runt pulses).
Additional filtering in the design of the comparator (the hysteresis delay) can eliminate response to larger

signal noise of insufficient duration (noise spikes).

The waveforms that are applied to the test receiver may or may not be AC-coupled to the driver. When AC-
coupled they may or may not decay significantly depending on the coupling time constant. For the signals
shown in Figure 27, the test receiver is either DC-coupled or AC-coupled with a very long time constant. If
AC-coupled signals with periods that are long with respect to the coupling time constant are applied to this
simple circuit, the decaying signals will cause the comparator to reset itself early (after delay D) in response
to the delayed reference edges, and the reconstructed waveform will differ from the original, as in Figure 28,
where the reconstructed waveform has been shortened.
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D \ Output
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Figure 28—AC-coupled waveform with short coupling time constant

A low-pass filtered delay solves this problem as shown in Figure 29, a concept called “self-referencing.” The
simple low-pass filter with a filtering time constant @f>RCr is used to hold the reference input to the test
receiver at a constant value that is largely unaffected by short term events such as the high-pass filtered edges
seen when AC-coupling (low time constant) is used. If high time constant AC-coupling or DC-coupling is
used, then the low-pass filter adjusts the reference point again to represent near term history of the input
signal. The hysteresis voltage and hysteresis delay are used to control response to noise.

—» 14— Hysteresis Delay
Hysteresis Offset

i
A \\ + Input

DC Coupled Case T Reference
B /

Filter Delay

A
| C \ Output
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Figure 29—Delayed and filtered self-referenced waveform reconstruction of both DC-
and AC-coupled waveforms by a test receiver

To summarize the concepts shown in Figure 29, the test receiver reconstructs an original waveform driven
from either a single-ended driver or one leg of a differential driver, that is either AC or DC-coupled, and is
insensitive to DC offsets that may exist in the driven waveform. It does this by responding to the edges of the
original waveform that are still present despite DC- or AC-coupling.
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Figure 30 shows a theoretical model of the concept shown in Figure 29. The hysteretic comparator of Figure
30 is expanded into: two simple comparators, one to sense rising edges and the other to sense falling edges;
two Vit Voltage sources, to set the hysteresis voltage for the comparators; and a D-type flip-flop memory
element, to hold the reconstructed signal. The internal bandwidth or slew rate limits of the simple
comparators determine the hysteresis delay. The comparator outputs set or clear the flip-flop upon receipt of
rising and falling edges, respectively. The valuespaid G are chosen to provide a delay longer than the
expected transition times being sensed. Typical valueg ah&® G might be 5 Kohms and 5 picofarads (pf),

which could be integrated into an IC. The input waveform at point A may be high-pass filtered by AC-
coupling, or it could be a normal DC-coupled digital waveform (with an unknown offset). In either case, the
edges are used to reconstruct the original digital waveform. This model will be used throughout this standard
when discussing the test receiver, with the understanding that the actual implementation will typically be a
single analog hysteretic comparator circuit.
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Figure 30—A simple self-referenced test receiver model of the concept in Figure 29

NOTE—The memory inherent in a hysteretic comparator would normally be modeled here as a simple Set/Clear asyn-
chronous flip-flop. However, as will be discussed below, and detailed in Clause 6, it is necessary to initialize this mem-

ory at certain times during the test, so this hysteretic memory will be modeled throughout this standard as a D-type flip-

flop. It could also be modeled in other ways, including as a level-sensitive (transparent) latch with appropriate changes to
the clock signal timings.

Figure 31 shows an AC-coupled, differential signal channel from the drive side, with test receivers on each
receiver pin. The output of the test receiver for each pin is represented by the “Q” output of each D flip-flop.
(The mission receiver has been omitted for clarity.) This model supports the AC testing instructions.
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Figure 31—Differential driver, AC-coupling, and test receiver model

NOTE—In Figure 31 the mission receiver has not been shown. It would include load termination and/or biasing that
would determine the time constant of the AC-coupling.

4.8 Test receiver support for the (DC) EXTEST instruction

The test receiver behavior for AC testing has been described. However it also is important to support the
standard (DC) EXTEST instruction. This amounts to “turning off” the edge-detecting capability of the test
receiver and having it respond only to levels. This is further complicated by the problem that there may be
common-mode offsets added to the signals. This necessitates choosing a reference voltage that can be used
for single-ended comparison.

One choice is to use the internal bias voltaggMised to set the ), point of the mission receiver (the
“sweet spot”) as shown in Figure 32. This bias voltage will work well as a static reference for the test
receivers when AC-coupling is used.

If the receiver IC is DC-coupled to the driver, then the test receiver may or may not receive data depending
on whether the high and low values driven by the driver are above the bias voltage plus the hysteresis voltage
and below the bias voltage minus the hysteresis voltage, respectively. If data is not received, the test receiver
may perceive a constant logic value, either 1 or 0.
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Figure 32—Static reference used to support (DC) EXTEST. Comparators may set or reset
the hysteresis flip-flop after the falling edge and before the rising edge of TCK in the
Capture-DR state.

If the receiver IC is AC-coupled to the driver, then Figure 32 shows the transition signal decaying away to
less than the bias voltage plus or minus the hysteresis voltage priolCaptee-DRTAP Controller state.

The initial value loaded into the hysteresis at the falling edge of TCK i€dpéure-DRTAP Controller

state will then be captured. When testing for a shorted capacitor, this is the desired effect: a shorted capacitor
will pass data from the driver in EXTEST, but a good capacitor will not. This effect depends on the time
constant of the AC-coupling relative to the time betwdpdate-DRandCapture-DRTAP Controller states.

When testing for a shorted capacitor, the test software must ensure that enough time has passed for the signal
to decay before enterin@apture-DR either by stopping TCK or by spending additional TCK cycles in the
Run-Test/IdIETAP Controller state.

On the other hand, if testing the (deprecated) case where the driver pins are DC-only pins, yet are AC-
coupled to AC pins (see 4.10), then the test for opens on the net will need to keep the time between the
Update-DRandCapture-DRTAP Controller states short enough that the signal will not have decayed below
the hysteresis thresholds. This may also require a large coupling time constant.

4.9 A general test receiver for DC and AC testing instructions

A test receiver that supports both the AC and (DC) EXTEST instructions is required. This could be
accomplished simply by taking the two structures already shown and selecting between them with
multiplexers. However it is possible to merge their behaviors into a more efficient structure as shown in
Figure 33. In this structure an analog multiplexer selects between (DC) EXTEST support and AC testing
support.
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Figure 33—A test receiver model that supports both AC and (DC) EXTEST

Implicit in the above discussions is the fact that the test receiver, whether in AC or DC test mode, actually
detects three mutually exclusive input states: a valid logic ‘1, a valid logic ‘0, and an invalid float state
where the input stays within the range of the threshold voltage plus and minus the hysteretic voltage. As the
Boundary-Scan Register cell can only capture a binary value, we initialize the hysteretic memory to a
known, or default, value (see Figure 32) that will not change if the input is floating. This initialization
defines the start of the sampling window, and also allows the test software to differentiate between driven
data and the stuck-at-1, stuck-at-0, and float syndromes through appropriate choices of the data being driven
and the initialization data for the test receiver. (A rising edge of TCK itC#mpure-DRTAP Controller

state always defines the end of the sampling window.) An alternate means of initializing the hysteretic
memory and preserving the Boundary-Scan Register cell value is modeled in 6.2.4, Figure 49, in the
discussion of integration of the test receiver with the Boundary-Scan Register cell.

4.10 Boundary-Scan capture data versus configuration

The content of Table 2 shows what Boundary-Scan data will be captured by a test receiver for various
combinations of coupling, DC compatibility, and whether a given IC is executing EXTEST or an AC testing
instruction.

Note in Table 2 that both rows with the driving IC performing a DC test coupled to a receiving IC
performing an AC test are discouraged. In the case where the two are DC-coupled, then the channel should
be tested with IEEE Std 1149.1 EXTEST (DC tests) in both ICs, with the expected loss of coverage and
diagnosibility. The case where the two are AC-coupled, testing for continuity through the coupling becomes
problematic, and this case is deprecated. Board designers should avoid the situation. See the discussion
following Figure 44 (in 6.2.3.3) and A.3.4.4.1 for further discussion and guidance.

Any time a receiver with only IEEE Std 1149.1 capabilities is AC-coupled to its driver, the ability to test that
net becomes dependent on the coupling time constant, TAP navigation, and requires a minimum TCK during
the period of the testUpdate-DRthroughCapture-DRTAP Controller states). As this is highly dependent

on tester capabilities, and including these nets in the test of the board as a whole may create conflicting
requirements with other net configurations, board designers should avoid this situation. See A.3.4.4.2 for
further discussion and guidance.
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Table 2—Boundary-Scan capture results for various combinations of driver-to-receiver
coupling, test instruction, and driver-to-receiver DC compatibility

Channel test performed Capture result when DC levels

Driver t
river to by pin of: (drive/receive) are:

receiver
coupling

Comments

Driving IC Receiving IC Compatible Incompatible

DC test Date Stuck-at 0/1 | Typical test for DC-cou-
(Note 1) (Note 3) (Note 4) pling per IEEE Std 1149.1

AC test (Note 2) Data Preferred test of differen-
tial channels

Static drive with AC
receive deprecated:

1. Test data may not tran
bC Data when driver toggles at | sition for multiple test
DC test AC test Update-DR or Default when cycles, preventing

driver does not toggle receiver from detecting

(Note 5) data, g
2. Driver only transitions

atUpdate-DR(noisiest
point in test).

AC test DC test Data Stuck-at 0/1 | AC action compatible
with DC receiver.

Used to test shorted
capacitors if receiver is
DC test AC-capable and depre-
(for typical TCK frequencies) Default cated otherwise. Will
transmit data (a failure) o
will retain a default value
(pass).
AC test Data Preferred test for all AC-
coupled channels.

Static drive with AC
receive deprecated:
AC Data or default, depending on thg 1. Test data may not trang
relationship betweebpdate-DR ition for multiple test

DC test AC test to Capture-DRtime vs. net time cycles, preventing re-
constant(s), when driver toggles gtceiver from detecting
Update-DR or Default when data,

driver does not toggle. 2. Driver only transitions
atUpdate-DR(noisiest
point in test).

May be used to test
shorted capacitors if

AC test DC test Default receiver is AC-test capa-
ble, but DC-to-DC test
preferred. Deprecated
otherwise.

NOTES

1—In Table 2, “DC test” implies that the IC has the EXTEST instruction loaded, or the channel pins are DC Pins, or the
TAP Controller state sequence does not transiRie-Test/IdIEFAP Controller state.

2—"AC test” implies that the IC has either the EXTEST_PULSE or EXTEST_TRAIN instruction (see 5.2) loaded, that
the channel pins are AC pins, and that the state sequence tranBitstiest/IdIEAP Controller state.

3—"Data” indicates Boundary-Scan data is successfully transmitted.

4—"Stuck-at 0 or 1” indicates the incompatible levels will be seen as either a 1 or 0 depending on where the test receiver
threshold is set. (An attached differential mission receiver, by contrast, does not see stuck-at behavior due to its com-
mon-mode range.)

5—"Default” indicates the response is the same that a floating test receiver would produce.
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4.11 Noise sources and sensitivities

It has been pointed out that one advantage of differential signaling is better noise immunity for some types
of noise, primarily common-mode noise. Because this standard looks at signals from a single-ended
perspective, some of this noise immunity may be diminished or lost completely. Therefore it is important to
be aware of the various sources of noise, their extent, magnitude, and duration. This standard addresses the
effects of noise through the use of hysteresis (voltage and time) in the input test receiver, and by causing
drivers to change states (differentially) at times other than the known-to-be:puiaje-IRandUpdate-DR

TAP Controller states. Designers should carefully evaluate all noise sources and their effects before
determining hysteresis parameters. This standard assumes that “Best Design Practices” have been used to
reduce noise effects wherever possible, especially on that noise which is not common-mode. This standard
does not address noise issues that will impact mission operation. The standard will only address those
sources of noise where noise immunity may have been diminished by single-ended testing of the receiver.

There are several sources of noise in the board test environment. The most prevalent sources of noise are
ground bounce and coupling effects. Ground bounce consideration will be focused on on-chip switching of
internal signals and on on-chip simultaneous switching of input/output signals, but will not consider ground
bounce issues that are caused by inadequate grounding and bypassing of the board. Signal integrity issues
are not covered since they would be considered a part of Best Design Practices.

NOTE—The term “ground bounce” is intended to include distortions that occur in any power supply rail including
ground. Ground bounce attacks the assumption that there are stable voltage sources when in reality, the power and
ground rails used by devices and boards are subject to transient inductive and resistive voltage offsets that can disrupt
circuit behavior.

4.11.1 Noise effects generated by on-chip switching of internal signals

The best way to reduce noise would be to disable all mission mode circuitry on-chip. If devices have on-chip
oscillators or phase-locked loops (PLL) along with functional (mission) circuitry which is not disabled
during testing or a clock input which has not been disabled during testing, there may be some “ground
bounce” internal to the device which could affect both driver and receiver operation. This noise,
synchronous with the on-chip oscillator, would be minimized by good power distribution layout and good
on-chip decoupling, and this would be considered a Best Design Practice. For example, the magnitude of
this noise effect in a recent complementary metal oxide semiconductor (CMOS) technology can be modeled
as a triangular current pulse on the power supply rails with duration of 0.5 nsec. (See Figure 34.) The
amplitude of the pulse will increase or decrease depending upon on-chip decoupling. The voltage domain
response will be determined by the specific design implementation (RLC) of the on-chip power distribution
system, but it will typically be a damped sine wave with peak amplitude of about 5% of the supply voltage
for best practices, though up to 15% has been observed. Proper care in separating 1/0 power distribution
from internal circuitry power distribution is also important so that on-chip generated noise does not severely
impact test receiver performance.

Current surge
0.5 nsec ! on internal
power supplies

Al

Supply Current

| Time
SysClk

Figure 34—Internal supply current surge in CMOS, synchronized to an internal clock
edge, a source of noise in the power distribution system
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The noise pulse can be filtered by appropriate hysteresis settings in test receivers. In general, device
designers should assure that on-chip logic, which is not part of the test logic, be forced to a quiescent state
during Boundary-Scan testing. Internal oscillators and PLLs should be disabled when possible, or their
output distribution disabled.

4.11.2 Noise effects that are generated by switching of 1/0O signals

Noise effects that are caused by simultaneous switching of component outputs are well under-stood by the
design community. In general, simultaneous switching of single-ended outputs can create significant current
surges in either or both 1/0O voltage rails. This results in significant voltage excursions that can affect
operation of circuits on-chip as well as signal integrity across the board. Differential drivers contribute very
little to the current surge since they are balanced, but can be affected by resulting voltage excursions, as can
differential or single-ended receivers. Simultaneous switching may be significantly worse during Boundary-
Scan testing, since all drivers are updated with a single clock. The chip and board designers must address
these issues for both mission and test operation of the chip. Therefore, much of the noise generated by
simultaneous switching of outputs should be addressed as Best Design Practices.

Noise effects that are generated by simultaneous output switching may be greater in amplitude and duration
than noise due to on-chip switching that was discussed in 4.11.1. Noise due to simultaneous switching of
outputs can be simulated as shown in Figure 35. The current surge induced may last several hanoseconds
(ns) and the resulting voltage sag (reduction in I/O voltage, Vdd-Vss) may range from 500 mV-1000 mV,
depending on the application and I/O voltage levels.
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Figure 35—Example of a signal model used for simulation of supply voltage (Vss, Vdd)
bounce within an IC due to simultaneous 1/0O switching

The traces in Figure 35 show typical voltage fluctuations due to the almost simultaneous switching of many
single-ended outputs for a .18 micron CMOS chip, assuming an equal number of outputs switch from ‘0’ to
‘1’ and from ‘1’ to ‘0.’ The current surge peaks about 5 ns after the falling edge of TCK lupttade-DR

TAP Controller state and returns to quiescent after about another 5 ns. These traces show sag of about
750 mV total and extended ringing that will depend on the RLC characteristics of the supply distribution
network.

The testability circuitry provided by this standard minimizes the effects of simultaneous switching of
outputs based on the way that signals are driven from the output boundary cells and captured at the receiver.
Outputs under control of AC testing instructions (AC output pins) will switch additional times while the DC
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pins are not switching in order to avoid the noise generated by the DC pins. In addition, AC input pins, for
both AC and DC testing instructions, will be sampled in a way that will minimize the window in which the
noise effect can impact the test results. It is also assumed that switching of differential signals will not have

a significant noise effect due to the current balancing that is inherent to differential signaling. Noise effects
can still be minimized by judicious selection of hysteresis parameter values and well-designed board-level
power distribution and bypassing. See 6.2.3 for discussion of selection of hysteresis parameters.

4.11.3 Noise effects generated by signal coupling
Inductive coupling from a signal (S) to a differential pair (D1 and D2) is shown Figure 36. This coupling
effect may or may not be considered common-mode based on the layout of the printed wiring. If the distance

of S from the differential pair is significantly greater than the distance d of the two traces of the differential
pair, the effect will be nearly equal (i.e., common-mode) on both traces.

PCB Cross Section

Signal Layer D1 D2 S

A
Y

Dielectric

Ground Plane

Figure 36—Crosstalk from a single aggressor signal (S) to two differential victim signals
(D1 and D2)

This type of behavior could be considered as Best Design Practice, since the benefit of differential signaling
will be lost if the coupling effect is greater on one of the two traces. As before, this standard will not address
layout issues that cause coupling effects that also impact mission performance.

The magnitude of the coupling effect is related to the transition time of the signal, the distance from
neighboring traces, and the trace “coupling length” for which this “coupling distance” is maintained.
Coupling effects could be several hundred mV and could last for several ns based on the distance that the
traces stay adjacent (coupling length).

Again, because AC-coupled and DC-coupled signals are switched and sampled at different times during the
test, the coupling effect can be minimized to some extent. Since software exists that can model the effect of
coupling, the test engineer should proactively work with the board designer to ensure that coupling effects
can be minimized (both magnitude and duration) on differential pairs that use test receivers. All coupling
effects should fall within the hysteresis windows (meaning the test receiver will filter them out). The test
engineer should be able to provide the design engineer with information pertaining to when signals switch
and how they are sampled to determine possible problems areas that may need to be changed in the board
layout.

4.11.4 General notes to design and test engineers

It is important that the chip designer, board designer, and test engineer work proactively to minimize the
effect of noise on the Boundary-Scan test. Chip designers should work with both board designers and test
engineers to determine the optimal hysteresis settings based on the environment that the chip is expected to
operate in for both mission and test modes. The test engineer must now work with the board designer to
minimize noise effects in areas where these effects will impact test results and should work with the chip
designers to guarantee optimal noise immunity for any components built to the specification herein. How to
determine the appropriate hysteresis values to obtain acceptable noise immunity will be covered later in this
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standard (see 6.2.3). It is important that the board designer, chip designer, and test engineer all understand
how to determine these values and their effect in order to minimize any potential impacts to testing.

Finally, as is the case with most “structural” test techniques [in-circuit test (ICT) and Boundary-Scan], the
board should be “disabled” as much as possible during test. This would include controlling and/or disabling
any functional clocks and any non-Boundary-Scan logic that could be actively transitioning during
Boundary-Scan testing of the board.

5. Instructions

5.1 IEEE Std 1149.1 instructions

All instructions provided by IEEE Std 1149.1 perform as specified in that standard for all DC pins. For AC
pins, all IEEE Std 1149.1 instructions perform as specified with the exception of an inversion between the
boundary register cell and the negative leg of a differential driver (see 6.2.2).

5.1.1 Rules

a) Allinstructions specified by IEEE Std 1149.1 shall perform as specified in that standard, and for any
such instruction that controls or observes pins, all AC and DC pins shall also perform as specified by
that standard, with one exception: for any output or bidirectional pair of AC pins controlled by a dif-
ferential driver, there shall be a logical inversion between the Boundary-Scan Register data cell and
one of the AC pins.

NOTE—In addition, the AC pins shall perform per rules specified herein.

5.1.2 Description

IEEE Std 1149.1 allows a single data register cell to control a differential driver, but treats this situation as a
digital-to-analog boundary, where no rules are given to govern the behavior of the analog portion. IEEE Std
1149.1 does maintain that there be no signal inversion between data register cells and digital pins. Rule a) in
5.1.1 clarifies that a single data register cell providing data to a differential driver that controls a pair of AC
pins will have no inversion with one pin and signal inversion with the other. Thus a differential receiver
connected to these two pins (and provisioned with independent test receivers on both legs, per 6.2) will see
data and inverted data from the driver’s Boundary-Scan Register data cell.

IEEE Std 1149.1 is the foundation for this standard. The (DC) EXTEST instruction enables level-detecting
behavior (see 6.2.2) on signal paths containing AC pins. This instruction is useful for detecting shorted
capacitors on AC-coupled paths, and certain other possible defects (defects 7, 9, 10, 12, 13 and 14 listed in
Table 1 in 4.4).

5.2 AC testing instructions

This standard mandates the addition of two new instructions. The firstis EXTEST_PULSE (see 5.3), and the
second is EXTEST_TRAIN (see 5.4). These instructions are similar in that they cause the outputs of drivers
connected to AC pins to change state at least two times after enterigntiest/IdIETAP Controller state,

and differ in the details of how those transitions are generated.

Throughout this subclause, and in several others, these instructions are described as generating and
processing an “AC Test Signal.” This signal never appears at an 1/O pin where it can be directly observed. It
is a tool for visualizing the requirements of this standard and does not need to be implemented as
documented herein. However, its actions upon other signals that are observable at I/O pins are required. The
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