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The rapid movement toward ultra-large-scale integration (ULSI) is
significantly increasing the demands on testing technology for digital
devices. Evolving test methodologies mustbe well integrated into the over­
all product realization process - from initial concept, through design, to
field support. Tomaintain ever-increasing quality standards, high-quality
testsmustidentify defective units at eachlevel ofsystem hierarchy. Inaddi­
tion, they must isolate faults toallow for efficient replacement and repair.
Future demands ontesting technology can be divided into sixmajor areas:
product quality, device technology, testability scope, process integration,
efficiency, and automation.

Introduction
Within the past decade, test technol­

ogyfordigital devices has madegreat strides
in responseto the rapid growthin device
complexity. Early in the decade, a passive
approach wastaken, one inwhich devices,
treated as "black-boxes," weretested by tog­
glingdevice inputpinsandmatching output
responsesto expected values. Now, a more
aggressive approach is needed, one inwhich
technology and the complexity ofdevices
requirethat test facilities be builtintothe
device hardware. Testingis no longera post­
processconsideration, but rather an in­
processnecessity. Despite this advance, how­
ever, many test problems must stillbe mas­
tered, especially while the evolution ofdevice
technology continues to outpace that of
device test technology. In the upcoming
decade, the evolution oftest will be driven by:
- Product quality,
- Device technology,
- Testability scope,
- Processintegration,
- Efficiency, and
- Automation.
This paperdescribeseach ofthese factors.

Product Quality
Productquality has longbeen a moti­

vating force inAT&T products, but the focus
has expanded as the company has evolved. As

a regulated monopoly, AT&T was charged
with maintaining the integrity ofthe tele­
phonesystem, and focused heavily onquality
to supportthat goal. Today, AT&T is engaged
in a highly competitive marketplace. High
quality continues to be essential to meeting or
exceeding customerexpectations, encom­
passing notonlylow parts-per-million defect
rates,but alsolow cost,fast timeto market,
and complex functionality. Now, test-related
workmustaddressallthese sometimes
conflicting factors.

AT&Ts goalis to makebest-in-elass
products with high quality and reliability.
Working toward this goalhas fostered numer­
ousquality improvement teams, andhas led
to a newcultureofcontinuous improvement:
It is neitherpractical norwise to "test"quality
intomarginal designs. Quality mustbe recog­
nized as part ofthe newproductrealization
process. Device designersmustcreate robust
devices with an adequate performance mar­
gin,one that canbe fully tested to assure
nearly laO-percent fault coverage. Fault cover­
age reflects howwell a given test candetecta
particular typeoffault or defect in a device. A
test has lOo-percent fault coverage fora
device if the test has ensuredthat allofcer­
taintypesofdefects or faults havebeen
detected. Onetypeoffault or defect is signal
"stuckat"high or low. If a single line is
shorted to ground, it is stuck at 0; if it is
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shorted to the powersupply, it is stuck at 1. Some
devices delivered todayare so robust that they havevery
few defective parts. Clearly, these devices must havehad
nearly lOo-percent fault coveragewhen tested by the
device manufacturer.

Printed-eircuit-board designers must create
robust designs that can be manufactured and thoroughly
tested using today'sprocesses.Systemdesigners must
produce"smart systems"that can monitortheir own
operations and rapidly, accurately isolatefaults. And,
becausetechnology does not sit still, all this must be
accomplished in a framework ofconstantchange.

It is not practical to "buy"quality. AT&T's
design, test, and manufacturing solutions must be cost­
effectively built in to enableour products to withstand
the test ofcompetition. Toolsand techniquesmust
deliver the highest quality at the lowestpossible cost,
and present the maximum opportunity for reuse
throughout their entire product life cycle.

Device Technology
The rapid evolution of integratedcircuit (Ic)

technology, fromthe 5-micron (urn) design rules ofthe
1980s to the submicrondesign rules ofthe 1990s, has
evoked industryvisions ofchipswithsmalllogiccores
andvast amountsofunused space.Device designers
were motivated by fears of their inability to either define
or managethe complexity ofdesigns needed to fill a
largesubmicronic. Today, as a result ofadvances in
computer-aided design tools (primarily high-level synthe­
sis), logicdesigners routinely defineand managesuch
large complexities, and continue to stress each newtech­
nology to its limits- not onlyin size,but also in speed of
operation. The systems ofthe 1980s - today's IC chips­
continue to create newdemandsfor IC testability.

Next-generation systemswill continueto empha­
size increasedfunctionality, higher densities, lower
costs, shorter design intervals, and increasedquality lev­
els.The need to reduce development costs and time-to­
market will promotethe use ofstandard products, mask­
programmable gate arrays,and field-programmable gate
arrays to augmentthe more customized application­
specific integrated circuits (ASICS) within emergingsys­
tems.As large digital functions meet the realityofthe
analogworld, manyevolving ICs will combine analog and
digital circuits. This mixof IC product types will create
testability challengesat both the individual component

Panel 1. Abbreviations, Acronyms, and Terms

ASIC - application-specific integratedcircuit
HIST - built-in self-test
OFf - designfor test
IC - integratedcircuit
MCM - multi-ehip module
ODE - outputdataevaluator
OOP - objected-oriented programming
RAM - randomaccess memory
TAP - test access port
ULSI - ultra-large-scale integration

level and the board and systemlevels. Solutions will
demandstandardization oftestability strategiesand test
access,alongwiththorough testing at each level.

Becausetest costs increasedramatically at each
level ofthe systemhierarchy,individual IC productswill
be tested rigorously for faults. Highlevels of integration,
madepossibleby the evolution of IC technology, have
impaired observability and controllability ofmanystruc­
tures embeddedwithin ICs. Ad-hoc testability techniques
ofthe past,whichoftenyielded lowand unpredictable
fault coverage, and required extensive designtime,will
be inadequate. They will continue to be replaced by
high-fault-eoverage structured testability techniques,
such as scan and built-in self-test (HIST) , featuredin this
issue oftheJournal. (See Figures 1 and 2 for a before
and afterview ofincorporating testability intoa device.)
The increasingoperatingspeeds ofdevices and the
increasingintegration ofanalog circuitry intodigital
devices will demandnewmodelsfor timingand paramet­
ric faults. Mixed analogidigital devices requireverifica­
tionoffunctional, rather than structural, faults, and are
often more sensitive to temperatureandvoltage varia­
tions than are strictly digital circuits. Timing and delay
faults are beingextensively researched today.

Highoperatingfrequencies, coupled with ever­
shrinkingfeature size,will cause evendigital circuits to
exhibitproblemsthat are more characteristic ofanalog
circuits, such as cross-talk betweensignals. New models
need to be created to accountfor these typesofdefects.
For digital devices, fault coverage ofgate-level, single
stuck-at faults traditionally has been used to measure
device quality duringmanufacturing, and possibly for
board assembly, and beyond. This gaugingfactor is no
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longersufficient. Its scope has to be expanded as the
device technology evolves to include transistor-level
faults in complementary metal-oxide semiconductor tech­
nology, delay faults in high-performance technologies,
and other realistic fault models that accurately represent
failure and defectmechanisms.

Figure 1. A typical device can be divided into three major
building blocks: primary inputs and outputs, random logic,

and regular structures. Primary inputs and outputs are used
to communicate with the external world. Random logic nor­
mally consists of gates and flip-flops that perform control
functions. A regular structure can be a memory or a large
data path that is regular and dense in nature.

'estability Scope
The traditional target oftestability techniques,

to provide a high fault-coverage test for each IC, is not
enough. Wemust broadenthe scopeoftestability tech­
niquesto reduce testingtimeand cost,and to improve
productquality for the entire systemduringa product's
life cycle.

Fault Isolation/Diagnostics. System diagnostic
software and tests havebecome part oftestingcomplex
systems, not only in the field, but alsoduringthe manu­
facturing process. Traditionally, theyhaveprovided fault
isolation to the replaceable unit, such as a printed circuit
board, as opposed to the replaceable component, such as
an rc, Asa result, whendefective printed circuit boards
are encountered, they canbe repaired without additional
board-level testingsteps, therebyreducing the timeand
cost of the overall systemtest/repair program. Similarly,
duringfield testing, the ability ofsystemdiagnostics to
isolate the faulty IC can reducethe timeand cost offac­
tory repairofthe faulty printed circuitboard. This, in

tum, reduces the "bonepile" ofcircuitboardsthat tested
well on board-level automatic test equipment in the
repairdepotor factory, but which, nevertheless, were
found to be faulty in systemtest or in the field. There­
fore, testability techniques fordiagnosing circuits must
notonlydetectfaults in a circuit, but mustalso isolate
them and identify their locations. With these self-testing
and self-diagnosis capabilities, systems can someday
include self-repair. Thiswill reducethe timeand cost of
maintenance, while increasing systemavailability.

Bum-in and Environmental Stress Testing. Atboth
device- and board-level testing, the scopeoftestability
techniques mustbe broadened to include bum-in, envi­
ronmental stress, and electrical parametric testing. How­
ever,wemust develop a better understanding ofthe
typesofdefects these tests detect, their effectiveness,
and their cost.BIST techniques, which havebeen used
successfully in ASICs fordevice-level bum-in and environ­
mental stress testing,' generate random, or almost ran­
dom, test patternsfor unitsbeingtested. These patterns
are moreeffective forbum-ins and environmental stress
testingthan typical patternswritten forsystemtest or
diagnostics purposes, becauserandom and almost ran­
dompatternstend to exercise a unit to its fullest extent.
The higher dataactivity createdduringBIST increases
powerdissipation and transistorjunction temperatures,
which stress the ASIC further. In addition, BIST capabili­
ties havesometimes improved stand-alone, simultaneous
testingofmany devices in an environmental chamber
without the need forexpensive test equipment. Yet, BIST
traditionally has been designed for single stuck-at fault
testingin digital circuits, not to test newelements in
mixed-signal and analog circuits.

Fault Tolerance. Increased density, madepos­
sibleby the continually shrinking feature sizesin ULSI
circuits, heightensthe probability ofdefects in increas­
ingly expensive ICs. Simply put,yields can be expected to
decreasejustwhenhighyield is mostvital. Fault- and
defect-tolerant circuits will become common, ifnot abso­
lutely necessary. Wesee this already in the designs of
high-density random accessmemories (RAMS). In fault­
and defect-tolerant environments, testability techniques
must be ableto detectand distinguish between circuits
that contain faults!defects and circuits that are properly
masking faults!defects, while providing the correct
operations. The ability to detect the existence of
faults!defects in a fault- and defect-tolerant circuit
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designed to mask faults/defects presents a challenge to
mostexisting testability approaches. Still, it will be nec­
essary,by meansofmanufacturing tests, to ensure the
high reliability forwhich the circuitis designed. 2

Off-line and On-line Testing. To increasesystem
reliability further, in/out-ofservice (on/offline) testing
mustbe carefully balanced. This balance can lead to
reductions in the resources needed for testing. Cur­
rently, a portion ofthe circuitry in a systemis dedicated
to concurrentfault detection and diagnostics for on-line
testing, and for other techniques. These techniques,
detailed in other papers in this issue of theJournal,
include BIST, full or partial scan design, and boundary
scan for off-line testing. While these testingapproaches
complement each other's testingcapabilities, used alone
they rarelysupportboth on-line and off-line testing.
Improving existing techniques, or developing newtech­
niquesthat can be used forboth on-line and off-line test­
ing, can reduce the area overhead ofthe hardware dedi­
cated to testing, as well as the cost ofthe system.

Process Integration
The diversity ofdesignswithin AT&T requires

optimal test strategiesfor a wide range ofdesignstyles,
cost,area and performance targets, and customer
requirements.

General Considerations. The test process must be
designed to supportapplications ofnewtest solutions for

Figure 2. Based on the divide and conquer concept, each
building block needs its effective testability solution{s). For
example, the (a) IEEE 1149.1 boundary-scan standard is
suitable for primary I/O, because it provides a gateway to
internal device testing, as well as testing of interconnec­
tions between the device and its neighbors in support of
board-level testing, and beyond. (b) BI5T is strongly recom­

mended to test regular structures. With its three main
blocks - the test pattern generator, output data evaluator,
and controller - BI5T provides the most effective, least
expensive test quality for regular structures. BI5T is also
reusable for board-level testing, and beyond. (c) Either scan
or BI5T can be used for random logic testing. Descriptions
of each testability solution are detailed in other papers in
this issue of the Journal.

continuous or discontinuous improvements in test, with
minimal effect on the user.BIST/scan/boundary scan
must,for example, be inserted intoexisting design envi­
ronmentlibraries and existing processes, and the result­
ingdesignsmustbe tested on existing automatic test
equipment.

One approach to this problem has been to build
a set oftest toolsthat havediverse capabilities, but a sim­
ilarlookand feel. These test toolsprovide a range of
solutions, from supportformanual testability improve­
mentswith no additional logic, to automatic insertion of
high-fault-eoverage BIST. Ideally, they are integrated so
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that a designteam can either choose the right testability
solution immediately, or quickly experiment withtesta­
bility solutions untilthe optimal one is found. To havea
well-defined processand discipline for test, this approach
requires a policy (suchas a corporate policy that sets a
high standardfor testability requirements), extensive
training for those involved, andgood communication.

Tool Integration. Toolintegration has two dimen­
sions: integrating various test solutions witheach other,
and integrating the test toolsinto the designenviron­
ment. Each ofthese imposes requirementson the testa­
bility process.

There is no singlesolution suitable for all ICtest­
ing. Regular structures, such as RAMs within an IC, can
be tested mosteffectively usingspecialized BISf tech­
niques.v' Boundary scan mustbe added to the ICfor
board and systemlevel tests. Several random-logic test
solutions can be used, depending on productrequire­
ments,5-7 allofwhich mustworktogether.Regular
structure BISf sessionsare initiated and controlled using
boundary scan logic. Random logic BISf and scancan
alsobe controlled from the boundary scan,which saves
package pins. There mustbe system-level access, how­
ever,to the ICtest circuitry.

Although mostof these schemes differ in test
technology, all involve analysis ofthe circuit, followed by
incorporation ofthe test solution. Software reuse to sup­
port these common capabilities provides a natural inte­
grationand a platform for the rapid introduction ofnew
testability solutions.

The seconddimension is integration ofthe test
toolswiththe designenvironment. Test toolsmust
smoothly acceptthe device description and vendor
librariesused by the design. The vectorsproduced must
be compatible withsimulators and the test equipment of
choice. These factors are the bare-minimum require­
ments for integration. Test toolsshouldalsointegrate
intothe framework provided by a design tool vendorto
provide a common user interface.

How does insertingtestability affect other tools?
Adding test logic can cause a carefully optimized design
to missperformance targets.The test toolsmust also
interactwithsynthesisand timing analysis toolsto
ensure that circuitelementswhosetiming is critical are
not modified. Toolsshouldbe flexible enoughto get
goodfault coverage evenwhen parts ofthe circuitcannot
be modified.
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How will insertingtestability affect downstream
processes? Will the changes madeby the test toolscause
clocking problems? Will the extra interconnections
cause routingproblems? Will the logic or vectors that
are produced cause timingproblems? The onlyway to
ensure that these issues do not slow a design is to
develop test toolsand algorithms withend-to-end consid­
erationand flow, frominitial designto manufacture,
firmly in mind.

Technology Integration. Emerging techniques and
technologies, such as multi-chip-module (MCM) and
mixed-signal (mixed digital/analog) testing, will require
that a testability processbe in place to meetnewtest
challenges. AnMCM, for example, is in essencea minia­
ture board composed ofseveralcomplex subchips. Cur­
rent board-level interconnect test technology, such as
boundary scan, is useful in solving MCM test problems,
but boundary scan must existat the device level to be
available at the MCM level. This is equivalent to applying
board-level test technology to a chip.

Last, but not least, the test processcannotbe
open-ended. To reap the benefitsoftesting- detecting
processand productweaknesses that need improve­
ments,increasing productyield, and decreasing product
cost- test effectiveness must be provided to vendors,
designers, and manufacturing engineers.

Efficiency
In the next decade, test solutions will call for

efficiency, as well as solutions that are "smart," flexible,
easyto use, and inexpensive. Afew examples ofthe vari­
ables to considerwhenderiving an effective solution for
testingare:
- Designspecification, such as operating range,which

will render somewell-known solutions unworkable;
- Design styles, which varygreatlyfrom one organiza­

tion to another;
- Test requirements from subsequentlevels (e.g., MCM,

board,system, and field). They dovaryand maycon­
flict, making them sometimes difficult to meetfully;

- Automatic test equipment requirements and limita-
tions;

- Designfor manufacturability rules;and
- Failure mechanisms.
To be effective, the solution must ensure reliability,
improve yield, and reduce testingcost,while simultane­
ouslyaddressingthese variables. In evaluating efficiency



ofa device-testing approach, wemustconsider flexibility
andcomprehensiveness, timing accuracy, economy, pre­
dictability, anddesigndiscipline.

flexibility and Comprehensiveness. Given the
requirements andvariables described above, our experi­
encesuggeststhat a single technique is unlikely to cover
all needs. Some commonality in methods, an ability to
mix techniques within a given system, andcoordinated
tool development will be neededto achieve the required
efficiency levels.

Experience has shown that a "divide and con­
quer" approach, inwhich a device is segmented into
regions - eachwith a dedicated test solution - seems
to work best.This approach has been successful in
AT&T (seeFigures1and2). For example, the regions of
embedded memories and random logic requiredifferent
solutions. These separately testable regions are tiedwith
an intelligent controller that executes the testability.
Because memories are denser than random logic, and
are subjectto defects that are not significant in random
logic, the optimal solution mustaddressthat particular
set offailures. For random logic, there are various
schemes to choosefrom, depending on the circuit.
Deterministic, random, exhaustive, weighted random,
andother test solutions havebeen proposed, andare
effective forcertain types ofdesigns. Eachsolution has
certain areaand performance implications for the device.
The key to an effective, efficient test solution is a suiteof
methodologies and tools. Designers canuse these to
evaluate the tradeoffs between solutions in a timely fash­
ion, and,early in the design process, makequick, correct
decisions on testability.

Accuracy. Timing accuracy will be critical as oper­
ating speedincreases. Asusual, clock skewsinduced by
test schemesmustbe avoided. At-speed testingwill weed
outperformance-sensitive devices. Aswe notedprevi­
ously, fault models mustbe extended from traditional,
stuck-at faults to delay faults. These can model abnormal
operations whenunacceptable delays existwithin ele­
ments, or within connections between elements.

Economy. Elements contributing to costexistnot
only in the mostobvious items, such as chiparea,but in
other itemsas well. These include assessing non­
recurring engineering effort in test-stimuli preparation
(eithermanually, by software, or by dedicated test hard­
ware embedded within the device), anddetermining the
effectiveness ofthe test stimuli usinga lengthy fault

simulation. Some tests also requireextratest pinsona
device, which cancontribute to extracost if the package
size needs to be increased. Also, somechipmanufactur­
ers chargea one-time engineering fee forhandling test
stimuli, and impose extracharges if the size oftest stim­
uli is higher than a predetermined threshold. Asstated
previously, test is an end-to-end issue, andan economic
model oftest costsand benefits should consider these
global implications.

Predictability. To date, wehave determined that
the normforfault coverage ofstructural testability tech­
niques (asopposed to ad-hoc methods) is morethan 99
percentfor extensive fault types with regular structures,
suchas RAMs. For stuck-at fault types with random logic,
percentages range in the high90s. Area overhead, the
increase in device sizeattributable to testability enhance­
ments, is still unpredictable, at leastforrandom logic,
because it is related to the "gateto flip-flop ratio" ofthe
circuit undertest.There are solutions with fixed costs,
such as those in which fixed-size test-pattern generators
andoutputevaluators are inserted. Because the percent­
age ofarea usedfor these solutions decreases as the cir­
cuitgets larger, they seemattractive." The resultant test
quality is, however, highly circuit-dependent. Othertech­
niques, such as inserting test points to enhance controlla­
bility andobservability, are used to increase fault cover­
age.The locations and numbers oftest points needed are
circuit-dependent, andcanmakeprediction ofdevice
areadifficult.

Design Discipline. Weare farfrom having solu­
tionsand tools that will fix alltestability problems forany
circuit. All solutions andtools impose restrictions on a
design. This is notnecessarily a limiting factor, because
it ensuresgood design discipline. Forexample, it is
difficult to use testability tools inasynchronous designs,
suchas thosewith mixed clock anddata. If such regions
existin practical circuits, the solution needsto provide
"isolation" capabilities that simplify the test circuit, at the
costofreducing fault coverage. The designer thenmust
ensure that these additional faults are detected bymanu­
ally written test vectors. Ingeneral, the more regular the
design, the fasterthe tools canachieve highfault cover­
age.Unfortunately, certain products may have features
that are inherently "difficult to test,"such as long
counterchains, internal generation ofclocks, etc. In
these cases,the design margin mustbe largeenough to
accommodate additional test features.

AT&TTECHNICALJOURNAL. MARCH/APRIL 1994 15



Aset ofcomprehensive, flexible test solutions
should result inwidespread use ofthe technology. This,
however, must be coupled with extensive awareness
training and test education, and an understanding ofhow
they affect design.

Automation
Finally, high degrees ofautomation with "intelli­

gent" tools- those that offer structure,yet allow flexibil­
ity- will be essential to achieving systemtestability
goals. The toolsuitemust include, at minimum:
- Testability analysis and audits;
- Design for test (OFf) synthesisand incorporation (of

internal scan, BrST, boundary scan,control logic, and
other future techniques);

- Test generation;
- Faultsimulation; and
- Aframework that caneasily integrateother tools.

There are three software building blocks: (1)
test generation andfault simulation that are computation­
ally intensive; (2) objected-oriented programming (oor)
for testability incorporation; and (3) a set ofsoftware
class libraries that supporta framework for integration.

Some test generation andfault simulation runs
can take daysor weeksto complete. These are consid­
ered computationally intensive. Hardware accelerators
are sometimes used forfault simulation, but they tend to
be expensive and inflexible. Event-driven and timing­
driven simulation techniques are used for fault simula­
tion. Arecent breakthrough in the fault-simulation algo­
rithmused inAT&T has shortenedthe run timeby a fac­
tor often overthe traditional fault-simulation method.P-l"

Test generation, alsodiscussed in this issue, is
time-eonsuming becausea large amountofsolution
spacemustbe searched. Various pruning and learning
techniques havebeen explored in the searchfor run-time
efficiency.10-12 Moreimportantly, good results are not
guaranteed in a reasonable timeunlesssometypeof
testability is used, such as scan or BIST.

In OFf incorporation, oor is intuitive in that cir­
cuitelements and their connections are naturally repre­
sentedas software data elements. Further, allelement
typescan be modified withoperations such as cut and
connect. oorhas proven effective in fostering software
reuse andquickimplementation ofnovel OFf techniques.
Basedon the experience that no single technique is

16 AT&TTECHNICALJOURNAL. MARCH/APRIL 1994

suitable foralldesigns, quickprototyping is essential for
identifying a set ofbest techniques.

Aset ofsoftware classlibraries support a frame­
workfor inter-tool communication and integration. The
framework enablestestability techniques to be driven by
synthesis and/or layout, takingintoaccount design and
device manufacturing constraints. It also allows design­
ers to compare the test intentto the original design
intentand annotate their findings.

Futuretrends in automation will focus moreon
exploiting advanced software algorithms andprogram­
mingtechniques. Testability must respond as design
information migrates to ever-higher levels ofrepresenta­
tion. This high-level circuit, moreabstractthan the com­
monly used gate-level circuit, maybe behavioral or semi­
structural, and is used as an inputfor logic synthesis. The
ideathat a high-level circuit representation makestest gen­
erationeasier than a gate-level representation is appealing.
Unfortunately, it has not been achieved aftermore than ten
years ofeffort, becausesearch spaceat a high level is just
as large at the gate level, but moredifficult to prune. Work
is beginning on a moreeffective approach, OFf insertion
(eitherBIST or scan) at the high level.

Software techniques that automatically suggest
an optimal solution fora given device, such as simulated
annealing and artificial intelligence techniques, should be
explored. This will helpnovice users mastertestability.

Bothfunctionality and testability will be fighting
for the timing and areamargin in speed-eritical designs.
little spacewill be devoted to testability solutions in
high-speed circuits. For such cases,device-level testabil­
itymaytake place in neighboring chips, implying that
toolsmust consider board-level topology.

Using OFf in mixed-signal devices will posea
newchallenge. Normally, it can be effective to use the
digital portion to test analog sub-blocks. If so, the tools
must integrate analog toolsuitesand be ableto select
schemesthat workacrossdigital!analog boundaries.

Onewould hope that a device test standard
comparable to the successful IEEE-1149 standardswill
emerge. 13 The standardwill enable device test intentto
be readily accessible at various stages ofproductmanu­
facture. Otherpotential uses, from diagnostics and repair
to component level, will become a reality, even with
chipsfrom multiple vendors. It is crucial fordesigners of
futuretoolsto track the trends ofthe standards.
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Conclusion
Ourvision ofdigital IC test extendsbeyond

device manufacturing to encompass board, system, and
field considerations, and to ensure product quality, relia­
bility, and the ability to diagnose and repaircircuits. Soft­
ware will continue to playa significant rolein automa­
tion, with a greater emphasis on exploiting state-of-the­
art techniques, such as oOP andartificial intelligence, to
explore the maze ofcomplex test solutions in a speedy
fashion. Asmoredesigners become familiar with testabil­
ity, wehopethat theywill provide the test community
with newideasto improve the test methods and pro­
cessesneededto face the challenge ofthe nextdecade.
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