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Abstract

Research in improving test quality has focused on

identifying better fault models and coverage metdad tools

to achieve high coverage. The test generation aest t
application methodology is usually not considei&. attempt

to understand the implication of a test generatand test
application methodology, viz. partitioned testirn product
quality. In partitioned testing, patterns are apgadi to one part

of the design while the other parts are maintainied a
guiescent state.

Quantitative data on several aspects of partitioned
testing, using some industrial test cases, are e, It
highlights the need for generating patterns usiriffecent
partition sizes, generating longer test sequencestae need
to include functional testing in the test suite.dddition, we
argue that a different metric is needed to evaluaiactional
pattern quality to cover the gaps identified.

1. INTRODUCTION

Research in improving the quality of the test psschas
focused on identifying better fault models and cage
metrics based on those fault models. Referencel (]is a
partial list of numerous work published in this ar8etter test
generation methods to achieve these coverage sdngstalso
been researched and discussed. An important isstiee
domain of test quality that has not been researdketthe
impact of the test generation and test applicati@thodology.
Test generation methodology includes the kind sfrigtions
we generally specify to the tool, how we partititre design to
ensure that the design is within the constraingsdsed by the
capacity of the ATPG tools, memory modeling, lengftthe
vector sequence, etc. Test application referbg¢omode used
during test application like holding the predefimaémory in a
predetermined state, etc. We believe that testrgéor and
test application also has a profound impact on pebduality.
In this paper we present an investigation of thiagem.

We will be focusing on a particular test applicatio
methodology, and the associated test generatiarepsocalled
partitioned testing. Consider Figure 1 where agte shown
to consist of four logical partitions. Partitioneduld be the on-
chip cache while the other three partitions coukel three
partitions comprising the logic portion of the disi In another

scenario, these could be four embedded processors

interconnected together.

Figure 1. lllustration of Partitioned Testing

Partitioned testings the process of testing one part of the
design while the other parts are in a quiescententrdFigure
1, assume A, B, C and D to be four processors.dritppned
testing, one processor executes the functionalvibde the
other three, potentially in a known state, are.iéle a second
example, in Figure 1, assume A, B, C and D to barfo
partitions of a design. Assume each part has beanngd.
Patterns are generated for one partition at a tibnging test
application of patterns for A, partitions B, C abdhre held in a
known state. In a clean design, the interface $ighatween
partition A and the other partitions are set to Wnmovalues
during test application.

The use of partitioned testing is on the rise dusdveral
reasons. The first of these is the constraint inedoby the
design methodology. In SOC designs individual l1&ckk and
glue-logic are integrated to complete a designome of the
most common scenario, individual IP blocks have edded
in them their scan system and the associated sattarips.
Patterns for the glue logic are generated andtjmsntid testing
is used. This could be due to pin limitations, powenstraints
etc.

In large designs, ATPG tool capacity could be the
motivation for partitioning the design and usingrtjtmned
scan ATPG. Each partition is then tested indiviud&besigns
using BIST typically partition the design and LFSBgply
patterns to individual partitions and compressesréisponses.
For power reasons, only a handful of these partitican be
exercised at a time. In both these cases we arm aging
partitioned testing.
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The current trend of increasing IP-block integratiarger
monolithic designs, multi-processor designs, lagghTPG
tool capacity, power limitations during test, etoplies that the
use of partitioned testing will be on the rise. &ivthis, it is
Important to understand the limitations of this ttes
methodology, identify the gaps and explore someeiul
approaches to cover these gaps. In this paper @gept a case
study that addresses the above question. The t¢adg &
based on test cases derived from one of our cumgéato-
processor. We assume scan based partitioned testiich is
one of the most common scenarios in ASIC designs.

The main findings of this study can be summarized a
follows.

e Scan test quality can be improved by generating and
applying tests using larger blocks in that theststbave
unique defect coverage. At the same time, patterns
generated using smaller partitions also have unigue
coverage. The gain in test quality using largettifians
comes with a price. We are hitting the limits o&ttool
capacity faster than we anticipate. Even if we wmvent
this limitation, there is a price to pay in termbtest data
volume. These results highlight the need for a t/br
approach wherein patterns are generated and ppssibl
applied using partitions of different sizes.

e The study identified the need for multi-cycle sqaatterns
since many of the faults that were left uncoveredid
not be detected by single cycle scan tests. Tlsiglrenay
not be interesting for designs that are full scan I3
important for high performance designs which aré no
typically full-scan. From a manufacturing perspeetihis
is disconcerting since multi-cycle patterns tendéamore
unstable in production. This result points to theed to
pay special attention to generating multi-cycle nsca
patterns and making such patterns more production
worthy.

 We analyzed the scan un-testable faults and shatv th
even if we attain very high coverage using scarrehe
remain potential quality gaps. This gap, which does
necessarily consist of uncovered at-speed failefeats,
can only be covered by functional patterns. Howether
conventional method of evaluating the functionatqras
cannot identify these quality gaps. This issue sdarher
investigation.

The rest of the paper is organized as follows. éation 2,
we define the term defect coverage as used irpdgier along
with a rational for using these coverage metricsSection 3
we discuss details of the case studies and theriexpetal
setup. In this paper we refer to the larger chuftke design as
a cluster and each of the individual parts of astdu as a
partition. Accordingly we coin the terms partitia@® patterns,
cluster-s@ patterns, to refer to the s@ patterns foartition,
s@ patterns for the cluster respectively. In Secliave present
the coverage data for partition-s@ and cluster-s@iems. An
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analysis of this data is presented in Section Séation 6 we
present the comparative data on test data volumpdiition

and cluster patterns. These data highlights theuatdges and
disadvantages of increasingly fragmenting the defig the

purpose of testing and motivates the need for upaujtions

of varying sizes for test generation and, possitiyst

application. In Section 7 we present data that jmirthe need
for multi-cycle scan tests. Data pointing to theedefor

functional testing is discussed in Section 8. lis tection we
also discuss the limitations of the conventionaltimod for

evaluating functional patterns and propose son@rwltives.
We end with a brief summary.

2. DEFINITION OF DEFECT COVERAGE

We distinguish between two kinds of defeddggle-net
defectsand multi-net defects Single-net defects impact only
one net in the design. Examples of this kind ofedit$ include
shorts to \&c or GND. Via failure is also an example of a
single-net defect. On the other hand multi-net dfaffect
multiple nets. Bridges between signal nets is aangple of
such a defect. Cross-coupling between nets caaseset and
for this discussion we categorize them as multigesécts.

The move to copper processes implies that via riesiu
affecting only one net will increase [6] . This Wihcrease the
percentage of nodes causing single-net failuresa-vis
bridges. At the same time, shrinking geometries, tise of
multi-stacking, etc. will increase the probabil@y multi-node
defects. Both these will increase both the proligbibf
random defect induced failure mechanism like bridgehey
will also increase the capacitive and coupling @febetween
adjacent blocks, that lead to failures. This intisathat both
single-net and multi-net defects will continue e imnportant.
Therefore, in our study, we consider both singlearel multi-
net defects.

Both single-net and multi-net defects can causel har
(sometimes referred to as static or slow-speedi)rés. Both
these defect types can also cause soft (sometifersad to as
dynamic or speed) failures. By some estimates, kiafdcts
constitute a disproportionately large percentadg@®@4pof all
defects [1] . It is likely that soft failures wilincrease in
proportion but hard defects will continue to be doamt in the
near future. Given this, in this study, we concatgronly on
hard defects. A better study would have includesisanetrics
that measure soft failures — primarily the capaeittoupling

type.

To simulate defect coverage we use approximate faul
models. Stuck-at is a popular fault model that niedingle-
net hard defects. In this study we will use stutkeamodel
single net defects. We model multi-node hard dsfbgtbridge
fault models for two node bridges. A two-node bedga, b>
between signal nets a, b will be modeled by theadrbridge
fault model[1] : {as-a-0,b =0}, {as-a-1,b3{bs-a-0,a=
0} and {b s-a-1, a = 1}. The fault {a s-a-0, b=0plies that



the bridge is equivalent to a s-a-0 provided thdeb is set to
0. The other three faults are similarly defined.

The target list of bridges, from which we derivethridge
fault models, is extracted by analyzing the dedayout. The
tool used implements inductive fault analysis gjd has been
discussed in [2] [7] [8] [9] . This fault list goethrough
additional refinement. In Figure 2 we show the %tdbution
of bridge defects to power @¢ GND), clock lines and
between signal lines. The later is referred to igeai-signal
bridges. This data is for one of our micro-procegz@ducts
[1] and the distribution is given on a per-padiii basis.
Similar trends were discussed in [5] .
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Figure 2. Example Breakdown of Signal-signal, Clock
and Power bridge distribution

Bridges to power affect only one net and are treas
single-net defects. Assuming that clock driversiameally very
strong, bridges to clock lines are also treatedsiagle-net
defects. It is assumed that these two defects@rered by the
s@ fault model for single-net defects. So, befaaeayating the
bridge fault list, the list of extracted bridges fidtered to
remove all bridges to clock lines and power rails.

In our study we also break up the signal-signatigpei
fault list into two categoriedikely andequi-probable bridges.
These two categories of bridges are defined avall
Weighted Critical Area (WCA)[3] , which is the basfor
inductive fault analysis, is a measure of the ltk@bd of the
occurrence of a bridge. It is calculated based lwn defect
profile of the underlying manufacturing process.

The two separate bridge fault lists are generatsidgu
cumulative WCA which is calculated as follows. Fitise list
of extracted bridges is ranked with respect torthéCA. Let
Bs, By, Bs ... By be the ranked list of the bridge. Furthermore,
let W; be the WCA for bridge B The cumulative WCA for B
is W;. The cumulative WCA for the first two faults;BB, is
W; + W,; the cumulative WCA for the first three faults,BB,,

B3 is W, + Wx+ W5; and so on .... Figure 3 is a typical plot of
the cumulative WCA versus the number of bridges.

Note that the cumulative WCA initially grows very
quickly and then grows at a very slow rate indiogtia
saturation of the cumulative WCA. The point at whithe
cumulative WCA saturates is referred to as kimee of the
WCA curve. We define the knee of the curve to be the point a
which the rate of increase of the cumulative WChsfaelow
1N where N is the total number of bridges under
consideration. The list of bridges prior to the krgreferred to
aslikely-bridges. The list of bridges after the knee is referred
to asequi-probable-bridges

Typically, the set of likely-bridges consists of small
percentage of the total number of bridges and autsofor a
reasonably large percentage of the total WCA. Thei-e
probable-bridge list consists of a large numbebridges each
with a small WCA. However, the total WCA contribotti of
the equi-probable-bridges is usually quite sigaffit The
bridge faults implied by the likely-bridges and éguobable-
bridges are referred to respectivelylisly-bridge faults and
equi-probable-bridge faults We will also use the terrpre-
knee and post-kneebridge faults respectively to refer to the
likely and equi-probable bridge faults.

What we have just described are coverage baseayont
analysis. In [10] a different metric, know asidge coverage
estimate (BCE)was proposed. BCE estimates the coverage of
all possible bridges based on the nhumber of tinaeh estuck at
fault has been detected. It is defined as follows:

BCE= ZF[‘(l— 2') where f is the set of stuck-at
i=1

faults detected exactly i times and F is the datlbstuck-at

faults. Silicon data was presented to show thateiasing the
BCE coverage increases the fall out obtained frioatést set.

Likely Equi-probable bridges

Bridges

1
1
Cum 1
WCA i
: Knee' Ay/Ax = 1/N

i

WCA ranked bridge

Figure 3. Example cumulative WCA plot

In our analysis, defect coverage will be gaugedfdoyr
coverage metrics: s@, likely-bridge (pre-knee) aeqli-
probable-bridge (post-knee) and BCE coverage. Taei$ an
approximation for single-net defect coverage whetba later
three are an approximation, respectively, for ketqui-
probable and broad multi-net defect coverage.

Paper 32.4
909



3. CASE STUDIES AND EXPERIMENTAL SETUP

In the experiment conducted we restrict ourseloescan-
testing. We used three test cases named ExA, ExBExC
from one of our latest Microprocessor. Some rel¢datails of
these test cases are shown in Table 1, Table ZTabte 3.
Cluster ExA (respectively, ExB, ExC) consists of otw
partitions named Al, A2 (respectively, B1, B2; a@d, C2).
Row “SIZE” gives the total of ATPG model gate count
millions, for each of the constituent partitions asll as the
size of the cluster.

Table 1. Test case A

EXA Al A2 Clust Incr
s@ 0.512 | 0.287 | 0.800 | 0.125
Size 1.78 0.383 | 2.17

Table 2. Test case B

ExB | B1 B2 Clust | Incr
s@ [0.29 |0.16 | 045 | 022
Siz 0.28 | 053 | 0.81

Table 3.Test Case C

ExC C1 Cc2 Cluste | Incr
s@ 0.357 0.355 | 0.735 3.13%
Size 0.480 | 0.602 1.215

Row “s@ Faults” gives the total number of s@ fadilis
each partition and the cluster. The unit used itions. Thus,
column Al of row “s@ Faults” states that the Al titaom of
EXA has 0.512 million stuck-at faults. Column Ingives the
additional number of s@ faults that are preserthin cluster
s@ fault list but not in any of the partition fadlsts. It is
important to note here that the extra faults in¢hester model
can potentially be mapped to one or more faulth@partition
level model. However, these mapped faults are eitie
controllable or observable from the scan presetitérpartition
itself and therefore not counted in the partitia@ gault list.
We refer to them asborder-s@-faults The percentage
calculation is with respect to the total clusteulfdist.

boxed in the model. Constraints to avoid contenti@ne also
used in the ATPG process. Our un-testability arislyakes
these into consideration. We will revisit this isslater on
while analyzing the untestability data.

4, EXPERIMENTAL DATA

We first investigate the quality of cluster-s@ patis and
partition-s@ patterns. The first pattern set wasegated using
the cluster level ATPG model. The second patterinvezs
generated using the partition ATPG models of thestituent
partitions and merged into one test set. The faisltgeted
during the ATPG process were the s@ faults in the
corresponding models. Given that we are comparicens
patterns we should be careful in generalizing theselts for
other variations of partitioned testing. These tpaitern sets
were then simulated on a number of cluster leveltfiists. In
this section we tabulate the coverage data.

In Table 4, data on s@ fault coverage of clusterad@
partition-s@ patterns is presented. Colufotal Faultsis the
total number of s@ faults in the fault list derivéem the
cluster level modelUntestable Faultsincludes s@ faults
identified to be scan-untestable using structurellysis. We
also included faults that were identified by theAE tool to be
redundant while attempting to generate a testfent, with the
given ATPG constraints. The percentage number ioneo
Untestable Faultgs calculated as a percentage of the entire
cluster s@ fault list.

Table 4. S@ coverage data of Partition and Cluster s@-

patterns
S@ | Total | Unt Both Part | Cluster
Faults | Faults Only | Only
ExA | 800544| 107919 59813F 835D 27162
13.5% | 86.35% 1.2% 3.9%
ExB | 453445| 14302 435580 987 1346
3.15% | 99.12% 0.31% 0.23%
ExC | 734846| 203570 511110 718D 8201
96.20%| 1.359% 1.54%

The partition-s@ patterns was generated by runtiieg
ATPG tools on the individual partitions A1, A2, BB2, C1
and C2 respectively. In the experiment, we combitieds@-
patterns for Al, and A2 (respectively, B1 and B&;well as
C1, C2) and called it the partition patterns fouster ExA
(respectively, cluster ExB, ExC). Theuster patternfor a
cluster is the set of patterns obtained by runtivegATPG tool

The test cases have a generous amount of embeddedgn the cluster model.

memories in them and they are not fully scanned.

Consequently, although the percentage of scaneityphnigh,
there are parts of the design that are not scaaliies The
memories do not have any DFT around them and axekbl
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Table 5. Realistic Bridge Coverage of cluster-s@ and
partition-s@ patterns



Detected

Total Unt Faults Both Cluster Part
Faults Only Only

PRE-KNEE BRIDGES
ExA | 5372410 | 3614602| 1285638 27815 26123
(73.14%) | (1.58%) | (1.49%)
ExB | 3047860 1204904 1639350 28069 20140
(88.95%)| (1.52%) | (1.09%)
ExC | 4345700 | 2241378| 1760789 38868 41451
(83.67%)| (1.85%) | (1.97%)

POST-KNEE BRIDGES
ExA 4M 3099957 | 631874 12977 11679
3211515 (80.14%) | (1.65%) | (1.48%)
ExB 4M 1615282 2222749 36520 24157
(93.20%) | (1.53%) | (1.01%)
ExC 4aM 2215588 1636557 36520 24157
(91.71%) | (1.99%) | (1.01%)

Column Both shows the total number of faults that are
detected by both the cluster patterns and thetiparipatterns
for each of the test cases. The percentage nursheven were
calculated by removing the un-testable faults frima total
number of faults. ColumiPart Only shows the total nhumber
(percentage) of faults detected by the partitiststédut not by
the cluster test for the given cluster. SimilaiGiuster Only
shows the total number (percentage) of faults deteby the
cluster test but not the partition test for theagivcluster.

In Table 5 we present the coverage of the two séts
patterns on the set of realistic bridges. This i®ken
down into two parts: the pre-knee bridges and tlstp
knee bridges. The entry in colunirotal Faultsrepresents
the number of bridge faults targeted in the simiolat For
pre-knee this includes all bridges in the pre-kmegion.
A sample of 4M post-knee bridge faults was usedimn
study.

Column Untestable Faultslists the number of
untestable faults. Untestable faults were idertifie two
ways. Using structural analysis, bridge faults tbahnot
be targeted using the available scan were marked as
untestable. It also includes bridge faults idertifito be
untestable during a bridge ATPG run. The next caiym
labeled Both, is the number of bridge faults that were
detected by both the cluster-s@ and partition-s@epas.
ColumnsCluster Only, Partition Onlyshows respectively
the number of faults detected by the cluster-s@epas
but not the partition-s@ patterns and the numbefaafts
detected by the partition-s@ patterns but not thster-
s@ patterns. The % numbers within brackets in et |

three columns are the percentage of the testahiitsfin
the respective categories.

Table 6.BCE of cluster-s@ and partition-s@ patterns

BCE | Both | Cluster | Part Incr Incr
Cov Only Only CL Part
ExA | 75.57 73.88 71.31 426 169
ExB | 96.21 | 93.93 95.09] 112 228
ExC | 69.83| 66.94 68.24) 159 2389

In Table 6 we list the BCE coverage for the diffiete
pattern sets. ColumBoth shows the BCE coverage for the
combination of the partition-s@ and cluster-s@ qrati.
ColumnCluster Onlyshows the BCE coverage for the cluster-
s@ patterns only. Thus, the added value providedtHzy
partition-s@ patterns is the difference betwees ¢hiumn and
the entry in colummBothwhich is shown in columincr Part.
Analogously, columrPART Onlyshows the BCE coverage of
only the partition-s@ patterns. The difference leé £ntry in
this column with the entry in columrBoth gives the
incremental value of the cluster-s@ patterns argh@wn in
columnincr CL..

COVERAGE ANALYSIS OF CLUSTERAND PARTITION
PATTERNS

An analysis of the data in Table 4 - Table 6 isgmated.
This leads to the following observations.

5.

Cluster patterns often have significant unique cage.
For example, for ExA, the incremental s@, increraént
pre-knee bridge, incremental post-knee bridge and
incremental BCE coverage are respectively 3.9%8%.5
1.65% and 4.26% respectively. In some cases, k8 E
even if the incremental s@ coverage is minimal 3062

the incremental pre-knee, post-knee and BCE coeerag
are much larger being, respectively, 1.52%, 1.53% a
1.12%.

The second observation is that increasing thetjgartize
does not guarantee all the possible goodness iguhlity

of the patterns. This is exemplified by the unique
coverage of the partition patterns of ExA, which
respectively has unique s@, pre-knee, post-kne®&artl
coverage of 1.2%, 1.49%, 1.48% and 1.69%.

The above data is somewhat counter intuitive irt,tha
theoretically, any fault that has a test in thetiian model

is guaranteed to have a test in the cluster mdgig.the
ATPG tools, which use various heuristics, cannotagls
find these tests when the larger cluster modelsised.

There are also a number of data points that shevidtal
coverage of the partition patterns to be highenttize
total coverage of the cluster patterns. Notablesare the
higher BCE coverage, by approx. 1%, of the pariitio
patterns for ExB and ExC. From Table 6, the tot&B
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coverage of ExB (respectively, ExC) partition patteis
97.37 (respectively, 71.13%) whereas for the cluste
patterns the coverage is 96.12% (respectively,359)38

6. AHYBRID PATTERN GENERATION M ETHODOLOGY

We have so far considered only the coverage aspéet.
next look at the impact it has on test data voluagsuming no
compression is used. This therefore also trandatiespact on
test time.

Error! Not a valid bookmark self-reference. shows
data comparing the number of bits of storage reglio store
these patterns. It was assumed that the resulttigms are
fully specified and all the bits need to be stoiadhe tester.
For each example we list the scan chain lengtthermodel
(cluster or partition) (columrScan Chain Lengjhand the
number of scan patterns (coluriio of Scan LoadsThe next
column {Total number of Bits of Storajjés the product of the
previous two columns. The last column is the ratiothe
number of bits required to store the cluster-s@gpas versus
the combined number of bits to store all the pamits@
patterns.

Table 7. Test Data Volume of cluster-s@ and partition-
S@ patterns

Scan Noof | Total Increase

Chain Scan Number

Length | Loads | of Bits of

Storage

ExA | 24339 3869 | 94167591 1.98
Al 12476 1578 19687128
A2 11863 2339 27747557
ExB | 27173 1253 | 34047769 1.96
Bl 8957 645 5777265
B2 18216 637 11603592
ExC | 32056 1421 45551576 1.44
C1 15761 926 14594686
C2 16295 1048 17077160

Table 7 implies that we pay a price when we incecthe
partition size for ATPG. For ExB, EXC there is a miaal
difference in the s@ coverage of the partition éimel cluster
patterns. However, there is quiet an increase énsthe of the
cluster patterns, being respectivelyl.96X and 1.kdder. For
EXA, the increase in the test data volume, it cdaddargued, is
due to the increase in the s@ coverage.

Given this and the coverage data in the previoutieit
makes sense to consider a hybrid approach. Theichybr
approach first generates patterns using the smadiditions
and then adds to that incrementally the clustetepas, after
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dropping detected faults and generating patterns tifie

remaining ones. This could be done as we travepsé¢ha

design hierarchy and is limited only by the toopaaity. In this

approach the goodness of both the smaller partgina and
the larger partition size are incorporated into djmlity of the

patterns without paying unduly for the increasdhie test data
volume. We have not performed this study and leate the

interested reader. This would also affect the ggstlication

methodology. Such patterns can be applied usingatwer

partition sizes but, for test application time, da@ applied in
multiple modes with different partition sizes.

7. NEED FOR M ULTI -CYCLE SCAN TESTS

From Table 4 and Table 5 we note that a large nurobe
both s@ and bridge faults are untestable. A sizeghit of
those faults are untestable because they are rhberei
controllable or observable by scan patterns. Howthare are
faults in that category that are controllable artoservable
using scan but have been declared to be untestabkbese
faults were removed from our coverage computationl a
therefore hide the possibility that further invgstion could
improve the defect detection capability of scarigras.

Table 8. Multi-cycle Un-testability Data

s@ | Pre-Kneg Post-Knge
ExA | 1.26| 7.78 6.75
ExB | 0.71| 3.21 3.10
ExC | 3.40| 1.40 1.03

In Table 8, we tabulate the result for one such
investigation. In Table 8, the untestable faultsvidich single
cycle scan tests do not exist, although they aam seachable,
for each fault model are shown. These are faulis¢annot be
detected by single cycle scan tests and is a coeseg of the
design being partial scan. All entriesTable 9are percentage
of the total number of faults in the fault-list lne& removing
any untestable faults. For ExC, a reasonably lageentage
of s@ faults requires such patterns. For ExA andB,Bke
numbers are large for both the pre-knee and pasté-kmidges.

This data is significant because multi-cycle scattgsns
tend to have robustness issue in high volume matwriag
testing and are generally avoided. The data shdas this
practice is not advisable since we sacrifice aatie amount
of test quality in the process. In addition, coygaalculations
should consider these faults as testable faultsder to reflect
this gap.

8. NEED FORABETTER EVALUATION MODEL FOR
FUNCTIONAL PATTERNS

From Table 5 we note that over 50% of the extracted
bridges are scan ATPG untestable! In Table 9 wersarize
the untestable fault data for pre-knee and poselorielges for
the three test cases. All data is presented ascamage of the



total bridge faults extracted for the partition. IGomn CUI,
CUO and DNG represents the number of faults thatrast
controllable, observable or
respectively. So, although these are scan untestaey are by
no means benign faults and the number of faulteaoh of
these categories is very high.

Since these are probable defects they have to ered
using at least on of the pattern classes in the Hpattern
suite. Using functional patterns is the obviousvegrsand most
products add functional patterns to cover such asfe
Unfortunately, functional patterns are often natlerated as to
their effectiveness. Even when they are evaluakexy tare
evaluated against the s@ or transition fault modéiese
coverage metrics do not highlight the coveragerahe gaps
for multi-node defects. Note that using multipletetss using
scan patterns, as proposed in the n-detect paradiges not
lead to any better coverage for these faults siheg are scan
untestable.

Table 9. Untestable Bridge Data

CuUl CUO | DNG
ExA | Pre-Knee| 4.10% 58.57% 3.23%
Post-Knee| 2.75% 74.49% 0.40M%
ExB | Pre-Knee| 7.40% 24.34% 6.20%
Post-Knee| 8.65% 22.47% 8.57%
EXC | Pre-Knee| 6.75% 37.61% 6.1000
Post-Knee| 6.67% 40.93% 6.88%

We investigated the untestable data further. That 6f
these was to identify what percentage of these sotestable
faults involved the scan system itself. The resaftsshown in
Table 10. Once again the percentages are in tefrie dotal
number of faults in the fault list. Note that thember of such
faults is pretty large and is representative ofrabfem that
arises when we have a large number of global testrol
lines. This scenario will also be true in the ca8O0C designs
wherein a large number of IP blocks are glued tbgeby glue
logic. The SOC community has focused on testing ghe
logic but the interaction of the global lines withe individual
IP blocks has been ignored. We typically do notlgre the
coverage of such defects either for scan patterrisnational
patterns.

Table 10.Untestable Scan Bridge Data

SCAN CUI | SCAN CUO
ExA | Pre-Knee| 0.3% 3.8%
Post-Knee| 0% 2.98%
ExB | Pre-Knee| 0.5% 1.87%
Post-Knee| 0.3% 1.5%

involves a dangling eod

ExC 2.83%

2.40%

8.71%
10.50%

There is another category of defects that are igthavhen
we evaluate scan patterns and functional pattefiss
includes defects arising from the interaction af thgic with
embedded memories.

Pre-Knee

Post-Knee|

Table 11.Untestable Memory Bridge Data

MEM CUI | MEM CUO

ExXA | Pre-Knee| 0% 3.14%
Post-Kneg| 0% 5.49%
ExB | Pre-Knee| 2.27% 12.13%
Post-Knee| 4.18% 11.91%
ExC | Pre-Knee| 1.07% 11.50%
Post-Knee|  1.15% 14.00%

We tabulate the percentage of bridges which invalie
least one line in the embedded memories in TableQtice
again we note that a sizeable percentage of defeatdve a
bridge between memory and logic. An important pambe
noted is that most of these are unobservable. iBHiecause
the fault effect originates in the node that istpdithe memory
which is not observable in the scan mode.

All these point to a limitation of using simplengjle-node
fault models for evaluating functional patterns.idt often
believed that much of the failures detected by filnectional
patterns, above and beyond those detected by émegstterns,
are speed failures. This data shows that theregesaibility
that the value of functional tests might also lie detecting
defects that arise out of an interaction betweemioua
“partitions” in the design. One such scenario i®wh in
Figure 4 wherein a chunk of logic is shown to beidied into
three sub-parts viz. the pure logic, the embeddeunories
and the scan sub-system.

LOGIC

EMBEDDED
, MEMORY

< :
SCAN
SYSTEM

Figure 4. Possible interaction between various partitions

It is generally assumed that the chain tests wifintify
defects in the scan system. However, such testsnate
guaranteed to detect interactions between the lagit the
embedded memories. They are collaterally detectgd b
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functional patterns but while evaluating the fuootl patterns [3] J.F Ferguson and J. P. Shen, “Extraction and Bition
the scan system is often not even modeled. of Realistic Faults Using Inductive Fault AnalySitEEE

A similar scenario exists for the embedded memories International Test Confere.ncl?,988“, Pp- 47_5_484' )
They are often tested using direct-access testpatbut such ~ [41 F. M. Goncalves, J. P. Teixeira, “Sampling techeisjof

patterns do not target defects that arise as altresithe non-equally probable faults in VLSI systemiZEE VLS
interaction of the embedded memories and the logfor that Test Symposium998, Page(s): 283 -288.
matter the scan system. [5] V. Krishnamurthy, A. B. Ma and P. Vishakantiah, “A

Study of Bridging Defect Probabilities on a Pentitith4

One could take this a step further. In multi-coystem or CPU." IEEE Intemational Test Symposiur8p01L, pp.

when multiple-IP blocks are integrated togetherittieraction

of the adjoining blocks are never factored into¢haluation of 688-695 ) .
the functional patterns. (6] A. K. Stamper, T. L. McDevitt, S. L. Luce, “Sub-G2
. micron interconnect scaling: damanscene coppetusers
We presented data that shows that these interaction subtractive  aluminum,” IEEE/SEMI  Advanced
represent a large percentage of the defects. Weftite need a Semiconductor Manufacturing Conferenc989, pp.
coverage model for functional tests that identifieeh gaps. 337-346.

The bridge model could be one such model but arerot
variant that appropriately captures the goodnessowéring
such interactions could also be investigated.

[71 S. Zachariah and S. Chakravarty, A Scalable and
Efficient Methodology for Extracting Two Node Bridg
from Large Industrial Circuit,IEEE International Test

SUMMARY Conferencg2000, pp 750-759.

S. T. Zachariah and S. Chakravarty, “Algorithms to
Extract Two-Node Bridges,[EEE Transactions on Very
Large Scale Integrated Systempp, 741-744, \ol. 11, No.
4, August 2003.

This paper is an attempt at broadening the scope of (8]
research into better test quality. In additiondenitifying good
coverage metric, we believe that test generatiod #est
application methodology plays a significant rolgest quality.

This is often ignored. [ S T Z_achariah and S. Chakravarty, “T_wo_Node Beidg
) ) o Extraction for Large Industrial Circuits,” IEEE
There is a growing trend to fragment the designirdyr Transactions on Integrated Circuits and Systertus,
test generation and test application. We studiedithitations appear (2004).

of fragmenting the design for the purpose of tesheyation
and test application. A model to evaluate the duadind
effectiveness of such a testing scenario was peghog/e
showed, through a case study, that increasingaktitipn size " )
does lead to unique detects. However, the smadiditipn size %J;ilt;{o JEEE International Test Conferenca003, pp.
also contributes unique detects. There is an imphtie test o

data volume when the partition size is increasdwsE results ~ [11] Grimaila, M.R.; Sooryong, Lee; Dworak, J.;Butler\K;

[10] B. Benware, C. Schuermyer, S. Ranganathan, R. Madge
P. Krishnamurthy, N. Tamarapalli, K. Tsai, J. Rajsk
“Impact of Multiple Detect Test Patterns on Product

point to a hybnd methodo'ogy for generating ancp'mg SteWa.rt, B, Balachandran, H, HOUChinS, B, Mathl'.ll',
such patterns. Jaehong, Park; Wang, L.-C.; Mercer, M.R., “REDO-
random excitation and deterministic observatiostfir

We presented data that showed the need to expand th commercial experiment,” IEEE VLS| Test Symposium,
kind of scan patterns used to include multi-cydarstests. pp. 268-274, 1999.

A fairly large class of faults that cannot be détecby [12] Dworak, J.; Wicker, J.D.; Lee, S.; Grimaila, M.R,;
scan patterns and needs the entire system to Ibeisee using Mercer, M.R.; Butler, K.M.; Stewart, B.; Wang, L.-C
functional patterns was identified. However, exigti “Defect-oriented testing and defective-part-level
methodologies cannot evaluate functional pattepnisiéntify prediction,” IEEE Design & Test of Computers, VAB,
gaps in such interactions. We propose the need afor No. 1, 2001, pp. 31-41.
investigation of a better metric to model suchiattions. [13] Chao-Wen Tseng; McCluskey, E.J:Multiple-output

propagation transition fault t&stIEEE International Test
Conference, 2001, pp. 358-366.

[14] McCluskey, E.J.; Al-Yamani, A.; Li, J.C.-M.; Chao&i
Tseng; \Wolkerink, E.; Ferhani, F-F.; Li, E.; Mitrés.,
“ELF-Murphy data on defects and test sets,” IEEESYL

2] S. Chakiavary, S. T. Zachariah and Carl D. Roth Test Symposium, pp. 16-22, 2004.
. akravarty, S. T. Zachariah and Carl D. Roth, ) N )
“Efficient Algorithms for Extracting Two-Node Brigks", [15] Dworak, J.; Cobb, B.; Wingdfield, J.; Mercer, M.R.,

ACM Design Automation Conferen@900, pp. 790-793. “Balan_ced excitation and  its effe<_:t on the fomm”
detection of dynamic defects,
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