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Abstract — The IEEE Std 1149.7 holds the promise of great
improvements for testing electronic circuits, whenused along
with other IEEE standards (particularly those that use the IEEE
Std 1149.1 for test access and control). In this par we describe
“what” is the IEEE Std 1149.7, the reasons “why” we mga
consider to use it instead of IEEE Std 1149.1, and waghlight
the application spectrum “where” this new standard can be
useful.
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I.  INTRODUCTION
Several technological improvements that took plager

the years enabled the development of highly complex

Integrated Circuits (ICs) using Intellectual PrdpditP) cores
that greatly reduce the time-to-market for comptivices.
The need and opportunity for the development ote3ys-on-
Chip (SoC) also led to a significant increase m difficulty of
testing, verification and debugging. One of thennmiasues is
that automated SoC testing is only possible if hiert
developments take place in testing standards, \wigetheir
scope and enhancing their controllability, obseilitgband
speed. Therefore, components are increasingly nesjuio
support integrated standard test infrastructures.

The boundary-scan test technology (also known #5)T
started to be developed in the mid-1980s and wapsoged as
IEEE Std 1149.1 in 1990 [1]. Every 1149.1-compliaimtuit
includes a set of test cells placed in the devioandary,
enabling observation and control of every functiguia. The
four-pin Test Access Port (TAP) ensures accesshéoteést
infrastructure using a common protocol to all tksictions,
irrespective of the device or its manufacturer. réhare two
pins dedicated to data shifting (TDI and TDO tdtsini/ out),
one pin dedicated to control operations (TMS tedethe
required test mode), and another one to providdesieclock
(TCK). Each device possesses an instruction regi$i),
present in the same scan chain, which specifiegdhaired
operating mode for the test logic. The miniatuitatof the
fabrication processes and the much higher integratensities
led to smaller chips that are strongly pin-boundeile at the

118

same time enabling a reduction of the productiost o the
chip. However, the new fabrication techniques meitéd the
emergence of new types of physical defects sudatels-up,
electrostatic discharges, electromigration and caotier
degradation [2] [3]. All these factors contributad the
appearance of a new test standard: IEEE Std 1149 .[B].

This new standard maintains the compatibility witls

predecessors, while offering the possibility of ugidg the
number of pins used for debug and test (D&T), addireg new
and improved functionalities.

This paper offers a brief description of the IEEE S
1149.7, discusses the added value of the new &=atffered
to designers and test engineers, and highlights thisvnew
standard can positively impact its predecessors.

The paper is organized as follows. Section Il ptesi an
insight on the new IEEE Std 1149.7 (“What?”). Sautill
focuses on the new features and their added vaiMby?”).
Section IV briefly looks at the intersection of theEE Std
1149.7 with several other competing or complemgntar
standards (“Where?"). Section V closes the paper.

Il.  WHAT?

Ratified in December 2009 and published in February
2010, the IEEE Std 1149.7 is the most recent of EieE Std
1149.X standards and aims at improving the testligital
electronic circuits. The IEEE Std 1149.7, formalamed EEE
Sandard for Reduced-Pin and Enhanced-Functionality Test
Access Port and Boundary-Scan Architecture, is a superset of
the IEEE Std 1149.1. While fully compatible wittetiEEE Std
1149.1, this new standard is not meant to replace i

The main objective of IEEE Std 1149.7 is to copthwine
new challenges of debug and test systems (DTS)Jewnhi
protecting the investments made by manufactureat have
been using the IEEE Std 1149.1. These new chakecge be
at D&T level or at functional level, namely the defer better
performance when a TAP is used for debugging, tssipility
of transmitting data through the test structure, tontrol of
several chips using a single TAP Controller (TAP&)d the
control of several TAPC using only one TAP. It atsfters a
solution to the need for reducing the number ofpnd the
power consumption levels.
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In order to ensure the new features described alvaviée
maintaining compatibility with the IEEE Std 1149tthe TAPC
of the IEEE Std 1149.7 is structured hierarchicallyhis
structure consists of six types of operations (B)-divided in
three classes. The three classes of operationsedely this
standard are: “Legacy”, which inherits IEEE Std 914
operations; “Extended”, which supports new fundidies
while continuing to use four test pins; and “Advadt where
all the new functionalities are available using tarofour test
pins. Figure 1 shows the hierarchical structuréheflEEE Std
1149.7.

T5

Scan + Data Channels with two or four pins, custom protocols

T4
Scan with two or four pins in Star-2 Scan Topology

T3
Star-4 Scan Topologies

T2
Chip bypass in a Series Scan Topology

T1
Basic TAP.7 control, functionality extensions
TO

IEEE 1149.1 Specified Behavior with
multiple on-chip TAP.1s

Advanced
Capability

Extended
Capability

Legacy
Capability

Figure 1. TAP.7 Capability Classes [2]

To reduce the power consumption, the new test tsiieic
can be completely powered-down. In order to face t
challenges of managing several test structures fildfarent
chips at the same time, this new standard alloexdimnection
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the complexity of their internal circuitry. The sislity of

using only two pins for testing instead of four shib be
determinant for the industry acceptance of thisdded, as it
lowers the cost of the manufacturing process, artbeasame
time widens the usefulness of the built-in testasfructure.

The IEEE Std 1149.7 is not meant to replace theElSEl
1149.1. All the previous investments made to dateardware,
software IP and existing D&T tools can be presersiede the
new standard is fully compatible when using the gaey”
class of operation in the TAPC.

1. WHY?

The goal of this new standard is to improve theliaation
domain of the IEEE std 1149.1 and to extend itsabdies in
order to cope with the recent changes in integraieclit
technology and topology.

A. Reduced Pin Count

One of the most important features in the |IEEE 5td9.7
is the use of a 2-pin TAP, with D&T data transfeing only
TCK and TMS, now renamed TCKC and TMSC. All data
(TMS, TDI and TDO vectors) is multiplexed into thé1SC
signal according to one of the supported scan ftemEBDI
and TDO can now be removed without affecting anythef
previous functionalities or compromising the neweexled or
advanced protocols. This reduction in the numbepio$ is

p significant due to the severe size constraints o$tnmodern
embedded systems and general ICs. Dedicated pintedb
and debug features are desirable during board ol@went

of D&T systems in three ways: Four-wire Series ScarPut raises the overall cost of the devices.

Topology, Four-wire Star Scan Topology, and Twoen8tar
Scan Topology. The IEEE Std 1149.1 is only competitith

the Four-wire Series Scan Topology, and the other are
exclusive to IEEE Std 1149.7 compliant circuitses$é three
topologies are shown in figure 2.

4-wire Series Topology

A-wire o

DTS

TO-T5 TAP.7

|

4-wire Star Topology 2-wire Star Topology

. .

Figure 2. Series, Star-4 and Star-2 Scan Topologies

-

DTS DTS

The majority of chips are currently pad-limited, anang
that their functionality is limited by the numbefrgins, not by
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The IEEE Std 1149.7 enables access to further D&T
functionalities using a smaller number of pins. Eewins,
nets and discrete components such as pull-up oesistlso
make routing and layout much easier, particularty
applications like stacked-die devices and multpchiodules
(2.5D and 3D chips), where several components artcally
stacked. Reducing the number of pins needed fdr atis®
lowers the overall packaging cost, releases pins
implementing additional features, and helps dewicd board
designers to meet their cost constraints.

The supported scan formats (13 defined, 3 mandatarye
different multiplexing strategies according to teevisaged
D&T functionality. These formats are optimized fayundary-
scan, debug, control, or shifting data. Data thatdt required
can simply be skipped, improving D&T time, whiledteing
cost.

fo

B. Sar Topology

The star topology is one of several enhancementhen
IEEE Std 1149.7 for handling arrays of identicalides and
devices with multiple cores. Examples of such desig
scenarios are boards with multiple DSPs or multecGPU,
or Systems-on-Chip (SoC) with separate physicatgssors,
stacked die configurations, or multichip SystenmPackage
(SiP) modules with several distinct peripheralshinit the
same physical package.

9
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The introduction of a star topology in the IEEE $tt#9.7
complements the reduction in the number of tests.pin
Designers working with stacked-die devices, muiipc
modules and plug-in cards will favor the star tagyl and 2-
pin interface because it simplifies the physicahreections
between devices.

C. Chip-level Bypass

The IEEE Std 1149.7 not only provides better suppor
devices with multiple cores and internal periphgralut does
so more efficiently. The serial design architectof¢he IEEE
Std 1149.1 made it difficult to communicate exchesy with
one device due to unavoidable interactions witteottevices
in the same chain, particularly when multiple degior cores
are combined into one physical package. The nendata
provides a method to address and access indivitwates in
the scan chain, without shifting bits through thetire
instruction register scan chain, as seen in figure

Core 1: Core 2: Core 1: Core 2:
32-bits =¥ 32-bits 32-bits =» 32-hits
IR IR -| IR IR _I
Core 3: Core 4: Core 3: Core 4:
32-bits =3 32-bits 32-bits =¥ 32-bits >
IR IR IR IR
Device 1 Device 2
Core 1: Core 2: Core 1: Core 2:
32-bits 32-bits 32-bits =P 32-bits
IR IR IR IR -|
—_— 1-bit Bypass 1
Core 3: Core 4: Core 3: Core 4:
32-hits 32-bits 32-bits R 32-bits >
IR IR IR IR
Device 1 Device 2

Figure 3. Scan path without and with Chip-level Bypass

A chip level bypass mechanism has been implemetated
reduce the overall scan chain length by settingsedwevices
into a 1-bit chip bypass mode. This feature can enaéry
long scan chains dramatically shorter, and improtes
overall scan efficiency and throughput.

D. Individual Device Addressing

The individual addressing and chip level bypassabdity
provided by this new standard allows the host @iletr to
communicate exclusively with any given device. This
improves performance and facilitates the designnudre
advanced debug and instrumentation logic into icidizl
chips, while enabling the host controller to addresultiple
internal modules through the same 2 or 4-pin TAterface.
The ability to quickly access a specific devicaigystem with
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multiple devices is also important to improve tiddgging of
complex systems. This is highly relevant because th
International Technology Roadmap for Semiconductors
(ITRS) currently expects that the number of intéomaes will
roughly double with each new processor generabgn [

E. Power Management

In the IEEE Std 1149.1 all devices have a two postate
while being tested: It has to be either completely or
completely off while D&T operations are running.€erteEE
Std 1149.7 provides a standard interface with fmlectable
power modes to control power consumption. The tgbth
adjust the power state of multiple cores in a devicakes
D&T much easier in many scenarios.

IV. WHERE?

Since the introduction of the IEEE Std 1149.1, salve
companies adopted it to meet their own challen@ss.the
other hand, the emergence of new application fiddso the
development of new standards. This is the caséetlbsely
related IEEE Stds 1149.4 [7] and 1149.6 [8], arel 1149.1-
dependent IEEE Stds 1500 [9] [10], 1532 [11], 1881 [13]
[14], the IEEE proposals P1687 [15] and P1838 [46H the
Nexus 5001 standard [17]. While addressing differen
application fields, they all rely on the IEEE Std49.1, as
shown in figure 4. Since the latest IEEE Std 1148.7a
superset of IEEE Std 1149.1, it is itself relatedatl these
standards. In fact, some of its new features as@gyded to face
the challenges of the application areas of thosedstrds. As
such the IEEE Std 1149.7 deviates from the original
application field of IEEE Std 1149.1, and introdsigtself to
“newer” areas, e.g. debugging, multi-chip or SoCTDd&lie-
stacked chips, chip programming, etc.

TEEE
_—/_ P1687
i | g
T.1149.7 | N
/ "\‘ / : { ‘\‘.
[NEXUS \\4 P1838:
{ 5001 ]
/ EEE N\
S med
1500

~
\

\
Pu
IEEE d,

‘\.‘ I
\ 1532 |IEEE
. 1581

Figure 4. Relationship between IEEE standards



A. |EEE Sd 1149.4

The IEEE Std 1149.4 [7] was developed to enabldISE
1149.1 to cope with mixed signal electronic cirsuiAs such,
some test blocks had to be changed or added ttheesinalog
parts of the circuits: a two-pin Analog Test PdkTAP), an
internal analog test bus (with two lines), a Teat Bnterface
Circuit (TBIC), and Analog Boundary Modules (ABMs).

Although this standard was designed to enable gbedf
analog circuits, its register structure was congbyetigital,
and similar to the one used in the IEEE Std 1148Sillcon
overhead and the effect of the ABMs in the highdpstive
analog signals prevented industry acceptance asdtdmdard
never made it to the market.

Due to the nature of mixed-signal circuits, the adages
that the new IEEE Std 1149.7 can provide are liahite the
control structure, especially by using only twoitdigtest pins.
The power management of the test infrastructureatsm be
seen as a significant improvement.

B. IEEE Sd 1149.6

The IEEE Std 1149.1 uses only static logic sigfalgest
purposes. The IEEE Std 1149.6 [8] was developebpe with
high-speed digital networks that use differentisA€-coupled
interconnections. This standard enabled high famlerage of
AC-coupled electronic circuits and devices that wsmv
Voltage Differential Signaling (LVDS), ensuring nmmum
impact on mission logic. One of its promises wagetase as
much as possible IEEE Std 1149.1 tools to guardraekward
compatibility.

Again, due to the nature of the 1149.6 applicatiomain,
the extended features of the IEEE Std 1149.7 havienpact
mainly on the digital access and control structutdle adding
power management features.

C. |IEEE Sd 1500

With the increasing complexity of integrated citsuflC),
the use of multiple embedded cores in one chip rbeca
common. Testing these components became a hugerdsl
for IC designers. A standard solution was propobkgdthe
IEEE Std 1500 working group [9], with the main diijee of
developing a core-level approach to allow testgraton and
test reuse. This solution was based on combinihgrdware
architecture and an information model based orCiie Test
Language (CTL).

The IEEE Std 1500 hardware architecture comprisssta
of registers: the Wrapper Instruction Register (YWIfhe
Wrapper Bypass Register (WBY) and the Wrapper Baond
Register (WBR). The I|IEEE Std 1500 architecture als
comprises a set of 1/0 signals, which constituie Wirapper
Interface Ports. There are two categories of ptires\Wrapper
Serial Ports (WSP) and the Wrapper Parallel PONPK).
WSPs are used to load all the serial instructiond #o
communicate with the WIR and the WBY. In additiom t
WSPs, the IEEE Std 1500 also supports a parabelatecess
mechanism (TAM) called Wrapper Parallel Ports (WPPs
WPPs are optional ports that are used to increlsetest
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bandwidth. These ports are used when the serial gaomot
transfer the necessary amount of test data witluertain time
interval. The WBR allows access to the core tertsittarough
the wrapper ports, and comprises wrapper boundafls c
(WBCs) that can simply be single storage devicesy(for
observation purposes), or cells with a certain derity,
comprising shift paths with multiple storage desgice

One of the innovative features of the IEEE Std 150hat
it binds its hardware architecture to a specifst wescription
language: the IEEE Std 1450@ore Test Language (CTL)
[18], which is itself a subset of the IEEE Std 1458andard
Test Information Language (STIL). The CTL was developed
with the objective of allowing specific design dakescription
for testing integrated cores. One of the main aehents of
the IEEE Std 1500, together with the CTL, is thegilility of
automating test reuse, from the initial core destage to the
final core integration stage.

Both the IEEE Std 1149.1 and the IEEE Std 1500 awa
the testing process, but their focus differs sigaiitly. IEEE
Std 1149.1 is primarily concerned with structurasting of
digital printed circuit boards, and much less wiiternal IC
testing. On the other hand, the IEEE Std 1500 isgoily
concerned with embedded core testing and useregkfogic
within an IC. The IEEE Std 1500 architecture wasigieed to
allow interface compatibility with the IEEE Std 194 test
access port (TAP) controller, and the wrapper’'s W8€rface
matches the control outputs of the IEEE Std 114RAP
controller.

Since the IEEE Std 1500 is fully compliant with tleEE
Std 1149.1, interoperability with the IEEE Std 1149s
guaranteed, with the additional possibility of wginhe
extended features introduced by this new standard.

D. IEEE Sd 1532

The IEEE Std 1532 [11] was developed by a group of
experts from programmable logic vendors, the borydean
test industry and suppliers of in-circuit test syss. The
mission of the group was to define, document, andhpte the
use of a standard process and methodology for gumniriig
programmable devices using the IEEE Std 1149.1
communication protocol.

This standard enables one or more compliant dewces
programmed concurrently on a board or embeddedsisim
(improving efficiency through in-system configumat). This
feature addresses the need to configure or recosfigead
back, verify or erase programmable devices afteingbe
assembled. It avoids handling damage and minimizes
manufacturing steps and inventory management costs.

The IEEE Std 1532 was adopted in 2001 and updated i
2002 to include a programming data file format anchethod
for implementing adaptive programming algorithmsheT
standard requires that devices comply with the IE&H
1149.1 for transmitting the data for programmingasing,
verifying, securing or other operations. The Bougd&can
Description Language (BSDL) is necessary to desciitEE
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Std 1532 and IEEE Std 1149.1 features. In additios,|EEE
Std 1532 defines a format for the programming data.

Since the |IEEE Std 1532 uses the IEEE Std 1149.

communication protocol, the impact of the introdet of
IEEE Std 1149.7 is restricted to that area. Theofigepins and
dedicated scan formats can improve the programrnasgs,
particularly because all data has to be transmgszzlly. This
means that the number of TCK cycles is equal tcstime of the
selected registers length in all devices. With IREE Std
1149.7 star topology it is possible to program iplét(similar)
devices, transmitting the program sequence onle.oht the
case of in-system configuration, the power managéme
features can be useful when the programming stageer.

E. IEEE Sd 1581

The IEEE Std 1581 [12] defines a low-cost method fo
testing the interconnection of discrete, complexmuoey
integrated circuits, where additional pins for itggtare not
available, and where a boundary scan infrastrucisir@ot
feasible. It specifies the implementation rulestést logic and
test mode entry/exit methods. The IEEE Std 158&irised at
ICs that are otherwise not provisioned with desifgm
testability (DfT), offering a solution to test thei
interconnections on PCBs. This is particularly imaot in the
case of ball grid arrays (BGAs) and other highlympact
packages, where prototype testing is much more mjphe

complementary features of IEEE Std 1581 and |IEE& St

1149.1 simplify the testing of memory-based cirguivhich
are frequently limited to basic bridging and statkfaults.
However, open circuit defects (which are the mgjoof
soldering defects) are still not detectable.

While IEEE Std 1149.1 provides an efficient mechani
for reading and writing test patterns to a memanyfarmant to
IEEE Std 1581, this standard does not forbid otheress
means for testing purposes. The Control Devicechvis IEEE
Std 1149.1 compliant, is responsible for generatimg test
stimuli to be applied to the IEEE Std 1581 devismtgh the
Input Bus, and also to capture the responses dedebg the
internal test logic via the Output Bus. Accordingthe IEEE
Std 1581, there are two ways of entering/exitirgtést mode:
the use of a dedicated test pin (TPN) or throughsitrcalled
transparent test mode (TTM). The first possibililges a
dedicated Test Pin (TPN), that forces the devite lBEE Std
1581 test mode. When this pin is activated, thes 16D the
1581-compliant device are connected to the testuitiy,
instead of its’ functional logic. In the case offisparent Test
Mode (TTM), entry/exit test mode is controlled byeo of
various protocols in conjunction with other tesfjugements,
and a dedicated test pin is not required.

Since an IEEE Std 1581 compliant device can beraibed
by the IEEE Std 1149.1 test logic, it can also betolled by
an IEEE Std 1149.7 test infrastructure, where tlogvep
management features represent an added-valueatioreto
the other two test standards.
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F. IEEE P1687

IEEE P1687 [14], also known as iJTAG, deals with
émbedded instrumentation. Complex boards are isicrglyt
populated with high-speed ICs and memories, whHeraise of
test points is no longer feasible. The lack of stest points
makes it more difficult to capture structural defesuch as
opens and shorts, as well as to detect missing adngvr
components.

The objective of IEEE P1687 is to offer a method aules
to access embedded instrumentation using the IH&EE129.1
TAP, without needing to define the instruments beirt
features. The IJTAG initiative provides an extensio the
IEEE Std 1149.1 aimed at using the TAP to manage th
configuration, operation and collection of data nfrothis
embedded instrumentation circuitry.

The IEEE P1687 architecture, also referred as IPE&B7
Scan Instrument Access Network, can open or close scan paths
with its Segment Insertion Bit (SIB). The SIB aats a single
external bypass register that is capable of progidir denying
access to an embedded instrument. The proposairalsmles
a Procedural Description Language (PDL) that specifies an
interface to communicate with the internal embedded
instruments and with other blocks within the deyice
overcoming the limitations of the Serial Vector mat (SVF)
[18]when dealing with the SIB registers. This pregloenables
test equipment providers to access the embeddedriments in
the semiconductor devices for testing purposes.niibie,
device manufacturers will be able to regain testecage with
minimal cost impact by integrating this solutiontointheir
current test process. The companies that rely
interconnection testing will be the most benefited.

on

Besides the obvious advantages of using only twe and
dedicated scan formats, the IEEE Std 1149.7 caadbpted to
perform almost every IEEE P1687 operations. In these
standards share a number of similarities, like ¢hip-level
bypass of the IEEE Std 1149.7 and the SIB of tieHP1687.
There are some portability concerns to take intmant, since
the IEEE P1687 has its own PDL language. On therdtand,
the power management features of IEEE Std 114%7nat
supported by P1687.

G. |IEEE P1838

IEEE P1838 [15] is a proposed standard for thedesgss
architecture of 3D stacked ICs (3D-SICs). The 3D-SI
technology uses Through Silicon Vias (TSVs) to émale-to-
die connections. The number of these devices ieasing due
their ability to enable smaller chips with highégrel densities
and higher bandwidth, at lower power consumptiod aost.
The main test challenges are related to test acaedsto
vertical test signal routing. It is also possitlatteach die has
its own test protocol, complicating the test scEnaven
further. The proposed standard defines a die-laraHitecture
on the basis that compliant dies in the stackedillCfacilitate
data transport and test signal routing. Concerttisghardware
aspects, the proposal addresses the test sigrimgquoblem,
the test interface into the die, and creates dietl@rappers to
partition on-die logic and to provide a mechanismdie-to-die
communication. It also aims to optimize the protoaod



description language for test logic insertion ag&t generation,
and to differentiate pre-, mid-, and post bond tegtiirements.
IEEE P1838 does not assume specific fault/defectetsp DT
architectures or test generation methodologies. réviee
applicable it uses the IEEE Std 1149.X for teseas@orts, the
IEEE Std 1500 for on-chip standard DfT architecsuand the
IEEE P1687 for design-for-debug architecture.

2A Test and verification

management options of this new standard are a degnéage
over the IEEE Std P1687, and are very useful omyewther
standards, especially if they are implemented ohilmdattery
operated devices that require periodic testing.

We are witnessing an increasing acceptance of riévg
standard by major industry players, as proven ley rétent
announcement of Texas Instruments regarding their

3D-SICs are increasingly used, and the lack of a®OMAP ™ 4 platform [19]. Also |IEEE std 1149.7 is a

appropriate test methodology might prevent acces®ffl

logic. This standard is die-centric and is not niéaraddress
stack/product-centric challenges, which is wheee [EEE Std
1149.7 comes in. The die test infrastructure mainberted in
an IEEE Std 1149.7 architecture to control the whstack.
Since the standard can operate using two pinsntiheber of
TSVs dedicated to D&T are reduced. The star topolsglso
very useful, since each die may have separate TAPGs
power management features can also have a positparct in

this type of circuits.

H. Nexus 5001

The NEXUS 5001 standard [16] offers access ports an
communication protocols to cope with the challenigesd by
debugging infrastructures, with an emphasis in reale
applications. Its goal is to create a rich debwajuiee set, while
minimizing pin-count and die area, and ensuringhbot
processor and architecture independency. It capastipulti-
core and multi-processor designs. This standatideieh set of
connectors to enable the communication betweendéimig
tool and the target system, and ensures data éransing a
packet-based protocol. The IEEE Std 1149.1 protiscaed in
the case of Class 1 compliant scenarios (theret@tah of 4
classes, where Class 4 is the one with more fegtuEXUS
enables Run-time control, Memory access, Breakppint
Tracing, and Data acquisition.

In 2009, when the latest NEXUS 5001 revision totdce,
efforts were made to upgrade the communicationopodtto
IEEE 1149.7.

V. CONCLUSIONS

All standards that were presented are based odefoend
upon) the IEEE Std 1149.1. Consequently, theyeaiktfit from
the improvements introduced by IEEE Std 1149.7 sThew
test standard is backwards-compatible to 1149.1 an
significantly improves the D&T features of new d=s, while
increasing the performance of all the other statlénat have
IEEE Std 1149.1 as a predecessor. The |IEEE Std. 7114y
features, such as the two pin TAP, the star topgologe bit
bypass and individual addressing, and the poweragement
functions, are vital for a new breed of ICs andirthe
unavoidable D&T challenges.

The use of a 2-pin TAP could provide an advantabenw
using all other standards that use the IEEE Std9.114
communication protocol. The introduction of ther stgpology
may cause a significant impact on the IEEE Std£2,13581
and proposal P1838. The chip-level bypass and ioheV
addressing provided by the IEEE Std 1149.7 areuusefall
the standards briefly described and analyzed sgaper, since
it provides the means for much more efficient teBte power
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recommended test and debug interface accordinglid, Nhe
Mobile Industry Processor Interface Alliance [20].
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