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Abstract

A new technique for diagnasis in a scan-based BIST
environment is presented. It allows nonadapgive
identification d both the scan cdls that capture arors
(space information) as well as a subset of the failing test
vedors (time information). Having bdh space and time
information dlows a faster and more predse diagnasis.
Previous techniques for identifying the faili ng test vedors
during BIST have been limited in the multi pli city of errors
that can ke handed andor require a very large hardware
overhead. The proposed appoach, howeve, uses only
two cyding registers at the output of the scan chain to
accurately identify a subset of the failing BIST test
vedors. This is accomplished using some novd pruning
techniques that efficiently exract information from the
signaures of the cyding registers. While nat all the
faili ng BIST test vedors can ke identified, results indicate
that a significant number of them can ke. This addtiond
information can save a lot of time in failure analysis

1. Introduction

Fault diagnasis in a built-in  self-test (BIST)
environment is an important problem for current
techndogies. As feaure sizes corntinue to shrink and
integration cengities continue to increase, more powerful
diagnastic tods are needed to reduce the time for failure
analysis. BIST alows a large number of test vedors to
be gplied to the drcuit-under-test (CUT) at-speed. The
output resporse of the drcuit is compaded using a
signature analyzer. If the final signature isincorred, then
the drcuit is known to be faulty. The problem being
addressed hereishow to rapidly diagnose the cause of the
faulty behavior.

There aetwo pecesof informationin BIST diagnasis
that will be referred to here astime information and space
information. Time information is which test vedors
applied duing the BIST sesson poduwed a faulty

resporse (i.e., the vedors for which the CUT failed).
Spae information is which scan cdls in the CUT
ceptured a faulty response during the BIST sesdon. For
example, consider the cae where 10,000 \edors are
applied duing the BIST sesson to a CUT with 200scan
cdls. Time information would refer to which o the
10,000 edors failed, and spaceinformation would refer
to which o the 200 CUT scan cdls cgptured a faulty
resporse. This paper presents a low-cost approad to
obtain both time and spaceinformation for diagnacsisin a
scan-based BIST environment.

In a scan-based BIST environment, the output
resporse of the CUT is difted ou of the scan chain and
into a serial signature register (or multi ple-input signature
register, MISR, if there ae multiple scan chains). The
final signature & the end d the BIST sessonis  highly
compaded that it provides very little time or space
information for diagnasis unless the number of errors is
only ore or two (which is very unlikely). In general,
there is no bound onthe multiplicity of errors during
BIST since asinge defed can cause alarge number of
vedorsto producefaulty resporses. Thusthe only way to
obtain useful time or space information for diagnacsis
withou any assumptions on the multi pli city of errorsisto
add additional hardware and/or get more signatures.

Obtaining space information for BIST diagnasis is
much easier than oltaining time information. This is
because the number of CUT scan cdls is usualy much
smaller than the number of vedors applied duing the
BIST sesson. Recently, two low-cost schemes have been
propcsed for obtaining space information for BIST
diagnosis with no assumptions on the multiplicity of
errors. Wu and Adham [Wu 96 propcsed a technique
that uses a programmable MISR to colled multiple
signatures. The MISR is programmed with dfferent
paynomials, and the BIST sesson is repeaed for eath
paynomial to produwce asignature. A set of nonlinea
equations is then solved to identify the set of scan cdls
that had faulty resporses. Rajski and Tyszer [Rajski 97]



propcsed a technique that uses an LFSR to pseudo
randamly mask ou different sets of scan cdl resporses
when colleding multiple signatures. The BIST sesdonis
repeded and ead time a different set of scan cdl
resporses are pseudorandamly masked ou. By
analyzing the signatures, the scan cdls that had faulty
resporses can be identified. With bah tedhniques, the
maximum number of scan cdls with faulty resporses that
can be identified depends on hov many signatures are
colleded. Neither technique provides any time
information for BIST diagnasis. They can orly locate the
cone of logic where the fault exists. Having time
information would allow a much faster and more predse
diagnosis.

Previoudly propaosed techniques that can provide time
information for BIST diagnasis either are limited in the
multiplicity of errors that can be handled [Savir 8§,
[Stroud 99, or require avery large overhead [Aitken 89,
[Karpowsky 93], [Damarla 95]. Identification o the
falling test vedors or time diagnasis is a dalenging
problem due to the large number of test vedors applied
and the high degree of test response compadion. The
number of error sequences that can map to any gven
faulty signature is well beyond millions in pradice
[Wu 96]. LFSRs have been used to extrad information
abou failing vedors. [McAnney 87] gives a technique
using a single LFSR that guarantees corred diagnasis of
single aror sequences, [Savir 88] and [Stroud 93 use two
LFSRs to dagnose singe and doulbe eror sequences.
[Damarla 95 proposes a method tesed on error
correding codes (ar-error correding BCH code is used).
The hardware assciated with error correding codes is
high and r has to be usualy kept to 4 a less
[Damarla95]. Thus, there is no effedive method for
pradicd time diagncsis. In this paper, we propcse a
technique which provides a pradicd solution for the
problem.

A low-cost technique that provides both time and
spaceinformation is presented here. Several techniques
for correlating the time information to derive an acairate
subset of falling test vedors with a high degree of
confidence ae described in the paper. Given the set of
scen cdls that fail and a subset of the failing vedors,
standard combinational circuit diagnostic procedures can
then be used to precisely locate the fault.

The paper is organized as follows: an owerview of the
propased scheme is given in Sec. 2. Detail s of the time
diagncsis <heme ae presented in Sec 3. Sedion 4
presents experimental results for pradicd circuits, and
Sec. 5 concludes the paper.

2. Proposed Scheme

In this sdion we present the overall scheme for fault
diagnasis. Time diagnosis of ead ouput (scan cdl) is
dore using cycling registers as will be explained in detail
in Sec 3. The g/cling register signatures are scanned ou
and the diagncstic computation is dore off-line. Time
diagnasis based on cycling registerswas propased by Savir
and McAnney in [Savir 88]. However, the diagnostic
dliasing in [Savir 88] can be very large. In the next
sedion, we propose techniques to substantially reduce
diagnostic aliasing and make the approach practical.

A block diagram illustrating the scheme is $iown in
Fig. 1. One serial signature register and two cycling
registers of different sizes are placal at the output of the
scan chain. Consider the output resporse & a matrix
where eab row corresponds to the output resporse for
one scan vedor (i.e., is one scan ou) and ead column
corresponds to a scan cdl in the scan chain. Our strategy
is to do time diagncsis one wlumn at a time. The
resporse for only one scan cel (seleded by a clumn
courter) is difted into the gycling registers. When the
BIST sesgon is finished, the gycling registers contain a
signature for only one scan cdl. Time information for
that scan cdl can be etraded from the signature with
some diagnagtic aliasing (i.e., different sets of errors
responses will map to the same signature).

CUT ,
Select k Consecutive Columns
{
[Lrsr -] ScanCran

Cycling Reg.
Cycling Reg.

Select Single Column Based
on Column Counter

Figurel. Block Diagram of Diagnosis Scheme

For long scan chains, the number of BIST sessons
may be too large if time diagnasisis dore for all the scan
cdls. A “lookahead” register can be used to cortrol the
number of BIST sesgons required. The resporse for a
small number k of conseautive scan cdlsin the scan chain
is diifted into the serial signature register during ead
scan ou (e.g., k could be 8). The seria signature register
contains gace information for the next k scan cdls. It
serves as a “lookahead” indicating if any of the next k
scan cdls nead to be aayzed. The signature is
compared with the orrespondng fault-free signature



stored onchip. If it isincorred, then the alumn courter

isincremented by ore and time diagnosisis dore for eath

of the k conseautive alumns, otherwise it is incremented
by k to jump ahea to the next set of k columns. The

BIST sesson is then repeaed to colled the next set of

signatures. This processcontinues urtil a signature in the

cycling register has been oltained for ead o the scan
cells containing errors.

An example is given to ill ustrate the tradeoff between
on-chip signature storage requirements and the number of
BIST sessons based on k. Consider a drcuit with 120
output bits. Assume that an internal fault causes errorsin
bits 12 and 118 The caes are aranged in increasing
amourt of hardware overheead and correspondng ceaease
in amount of test application time.

Case 1: No “lookahead” signature register isused. Time
diagnasis is dore for al the output bits. Thus, the
number of BIST sessions is 120.

Case 2. k=20. The number of signatures to be stored
for spacediagnasisis 12020 = 6. Time diagnasis has
to be dore for 2k + N/k output bits. Thus, the number
of BIST sessions is 40 + 6 = 46.

Case 3: k=28. The number of signaturesto be stored for
spacediagnasis = 120/8 = 15. Time diagnasis has to
be dore for 2k + N/k output bits. Thus, the number of
BIST sessions is 16 + 15 = 31.

Note that the extra BIST sessons are only necessary
when performing dagnasis. The normal production test

procedure would involve only one BIST session as usual.

3. ldentification of Failing Test Vectors

In the previous sdion, we presented the overall
scheme for colleding data for fault diagnosis. In this
sedion, we eplain the procedure for time diagnasis of
ead faulty scan cdl. Identification o faili ng test vedors
with cycling registersasin [Savir 88] is explained briefly.
The avantage of this method is that it requires relatively
low area overhead compared to aher methods, the
disadvantage lies in the high dagnostic diasing. We
propcse two elegant techniques for pruning the solution
spaceof the gycling registers guch that diagnagtic diasing
is significantly reduced.

3.1 Time Diagnosiswith Cycling Registers

A cycling register is a LFSR whose only feedbadk is
from the last stage to the first stage [Savir 88]. The aror
sequence from an ouput is fed into two such registers of
length m and n, where m and n are relatively prime.
Further, the product mn has to be greaer than the tota
test length. The eror signature paynomial in the gycling
register is equal to the adua error sequence moduo

(1+xM. The aror postions (or failing vedors) are
identified asfoll ows [Savir 88: Let M = (my, my,..., my)
and N = (ng, n,,..., ny) be the aror postions in the
m-register and n-register respedively. Then the foll owing
equation hes to be solved for al pairs (i, j) where i M
andj [JN:
T—om-—-i=T-1Tn—j (2)

T is the total test length. o and t are aay two non
negative numbers upper bounded by N/m and N/n
respectively.

The intuition bkehind the solution is as follows.
Consider any ore eror position, my, in the m-register.
This error could have been caused by the (N-my)th faili ng

vedor or any vedor at distance of multiples of m from
this vedor. Thus, every error position in the m-register
corresponds to a set of possble failing veadors. Similarly
every error pogition in the n-register corresponds to a set
of passble failing vedors. Eg. (1) yields the intersedion
of the two setswhich isthe set of “susped vedors’. Note
that some vedors in this susped set may nat adually be
failing vectors.

The diagnasis lution is ill ustrated with an example.
Fig. 2 dves the pictoria representation d the example.
Let the test length, T, be 35 and m and n are chosen as 9
and 8respedively (mn > T). Let the eror sequence
entering the gycling registers be such that the failing test
vedorsare & 1, 6, 8, 13, 19, 20, 28, 32, and 35 Let the
error positions in the signature of the m-register be & e,
€, €3, €, and e; and in the n-register be & e, e, and es.
Eqg. (1) is lved with these (i, j) pairs to generate the
solution space of susped vedors. Henceforth, we shall
refer to this lution spaceof susped vedors as S For
this example S= {1, 5, 6, 13, 14, 29, 22, 33}. There ae
three orredly identified faili ng test vedors out of a tota
of seven.

m-register

n-register
Failing test vedors
33
e e
& AN
5
3
13
2 €7
€
20 29 es
&

Figure 2. Block Diagram of Timd®iagnosis Computation



Fig. 2 illustrates the computation of S The eror
pasitions in the signature of the m-register and n-register
are marked on the block diagram of the mregister and
n-register respeaively. The (i, j) pairs, wherei [JM and
jON, that yield a solution from eg. (1) have been shown
linked. The diagnosed test vedor correspondng to the
(i,j) pair is srown adjacent to the line linking the (i, j)
pair.

Two kinds of aliasing can occur: nonfailing vedors
may be included in the susped set (e.g. 5, 14, 22, 29, and
33) and failing vedors may be missng from the susped
set (e.g. 8, 19, 20, 28, 32, and 35. In this paper, we
propcse methods to minimize the former kind d aiasing.
Our aim is to generate aset of susped vedors that are
with very high pobability failing vedors. We can afford
to miss @me failing vedors snce identifying even a few
failing vedors corredly can gealy aid fault diagnosis.
The solution spaceof susped vedors generated by eq. (1)
is large. Many nonfaling test vedors are often
contained in this lution space of susped vedors. We
have implemented elegant pruning techniques to
significantly deaease the number of nonfailing vedors
included among the suspects.

3.2 Pruning Technique: Step |

The pruning techniques are based on goperties of the
solution space Consider any pair (i, j) where i [JM and
jON. Solving eg. (1) yields a solution for this pair as the
failing vedor T;. Similarly another pair (i, k) yields the
solutionas Ty. Now, the aror positioni could have come
from only ore failing test vedor. Thus, only ore of T; or
Ty is the oorred solution, the other one is a spurious
solution. Consider the example in Fig. 2. (eq, €5) Yields
the test vedor 33 and (es, e5) Yields the test vedor 1.

Therefore either 33 or 1 is a failing vector but not both.

The &owve observation can be formally stated as
follows. Consider a bipartite graph where the eror
pasitions in sets M and N correspond to the two digoint
sets of vertices. Any error position in M shoud be
matched to a unique aror paosition in N and \vice versa,
i.e., we neal to find a “maximum matching’ in the
bipartite graph [Cormen 90. In ou experiments we have
ohserved that there is usualy more than ore maximum
matching passble. One possble maximum matching in
Fig. 2is (e, &), (&4, 6) and (es, €). Yet ancther solution
is (e, &), (&3, &) and (&5, &). We use the maximum
matching algorithm to generate asubset of S which will
be referred to as the set P, that contains diagnased failing
test vedors that have been corredly identified as failing
with a high probability. Computation d P is explained
next.

Consider the examplein Fig. 2. Error positionse, and
e in the mregister have unique matching with error
pasitions eg and e; in the n-register, respedively. Test
vedor 1 is a solution from (es, &) and 29is a solution
from (g4 €g). Thus, P = {1, 29}. Aliasing can cause
spurious results snce an entry in M may have aunique
matching with an entry in N and yet the matching may be
wrong dwe to the corred matching having keen aliased
out. This is the cae with test vedor 29. The mrred
error position in the n-register correspondng to error
pasition g4 in the mrregister has been aiased ou (due to
ore aror fealing badk aroundin the ¢yclicd register just
as ancther error is entering in such that they are
exclusive-ORed together and cance out). This leads to
the eroneous conclusion that 29 is a highly probable
failing vector.

The first pruning step yields P = {1,29}. For larger
examples, the cadinality of P may be very large. Note
that if there is no aiasing, P will contain no spurious
results. The diagnaosed test vedorsin P will be corredaly
diagnosed ones.

3.3 Pruning Technique: Step 11

The semnd puning step is based on diasing
properties. Note that test vedors that are & a distance of
multiples of m or n would alias out in ore of the gycling
registers and thus the solution space shodd na contain
any failing test vedors that are separated by multiples of
m or n. The pruning based on the maximum matching
agorithm yields the set P. P represents the set of
diagnosed failing wedors that have been dagnosed
corredly with a high pobability. The second puning
step is therefore to prune out all test vedorsin Sthat are
separated by multiples of either m or n from the test
vectors inP.

m-register

n-register

Failing test vedors
e e
e2 6

5
€3

13

€;

€4 7 29 [
&

Figure 3. Solution Space After Pruning



Tablel. Experimental Results for Pruning Techniques

Without Pruning: [Savir 88] With Pruning
Number of Failing Number of

Circuit Suspect Vectors Vectorsin | Non-Failing | Suspect Vectors  Failing Non-Failing

CSC S Vectors inS CSC Vectors inS | Vectors inS
S5378 18 14 4 13 13 0

25 20 5 20 19 1
S9234 39 28 11 27 24 3

44 26 18 24 22 2
S13207 35 22 13 25 22 3

57 36 21 34 30 4
S15850 37 26 11 22 22 0

34 23 11 20 18 2
S38417 26 20 6 20 20 0

46 34 12 31 28 3

Consider the example in Fig. 2. P ={1, 29, S={1,
5,6, 13, 14, 22, 29, 33}. 33would be pruned ou becaise
(33-1=4[8). Now the aror position e, in the m-register
has a unique matching with the aror position e; in the
n-register.  This corresponds to the test vedor 6.
Therefore P isupdated to {1, 6, 29} and Sto {1, 5, 6, 13,
14, 22, 29}. Inclusion d 6 in P prunes out 14 and 22
Now P = {1, 6, 29} and S= {1, 5, 6, 13, 29. Fig. 3
ill ustrates the modified solution space from the ¢ycling
registers after the two pruning steps.

Applying a final iteration d the maximum matching
agorithm can further modify the solution space Earlier
iterations of the maximum matching algorithm were used
to add elements to P; no elements were pruned from S
Thisfinal iteration step will prune out all test vedorsin S
that have common error positions in the m or n cycling
registers with the set P={1, 6, 29}. This prunes out 5
and 13 Note that 13 is adually a failing test vedor. It
gets pruned out due to the initial erroneous inclusion o
29in P. The test vedors remaining in S after this final
pruning congtitute our solution space for failing test
vedors. In this example, the pruning steps have resulted
in the equality of sets Sand P but this may nat happen in
the general case.

The eample is summarized below.  Corredly
identified failing vectors are indicated in bold:

Failing test vectors: 1, 6, 8, 13, 19, 20, 28, 32, and 35.

Initial step: S= {1, 5,6, 13, 14, 22, 29, 33}P = 0.

Before the final pruning by the maximum matching
algorithm: S={1, 5,6, 13, 29}, P = {1,6,29}.

After the fina pruning by the maximum matching
algorithm: S=P ={1, 6, 29}.

3.4 Pruning: Experimental Results

Table 1 presents experimental results for the cae
where asingle randam stuck-at fault was injeaed in the
circuit. Time diagnasis was dore for the first faulty
output hit encourtered. The seand column gves the
total number of vedors obtained from eg. (1), i.e., the
cadinality of the initial solution set of susped vedors S
The third and fourth columns give respedively the
number of failing vedors and nonfailing vedors in the
initial set S. The fifth column gves the cadinality of the
final solution set of susped vedors S i.e., the set S after
the pruning steps. The sixth and seventh columns give
respedively the number of failing veaors and nonfailing
vectors in the final solution sé&t

Recdl that our aim was to generate aset of susped
vedors that are with very high pobability failing test
vedors. Table 1 clealy indicaes that the number of
nonfailing vedorsin Sis gredly reduced by the pruning
steps. The average number of nonfailing vedors in S
after pruning (column seven) is around 2 whereas the
number of nonfalling vedors in S before pruning
(column four) is around 12.

4. Practical Solution For Minimizing Aliasing

If the number of failing test vedors is large, then
errorswill cancd out in the gyclingregistersresultingin a
lot of diasing. In this dion, we describe apradicd
approach for avoiding this problem.

Faults differ widely in their error resporses. Easy to
deted faults will cause aroneous output values for alarge
number of test vedors wheress other faults will get
adivated and propagate to the output for only a few test
vedors. There ae two extreme caes. a fault at the



primary ouput will be deteded by any test vedor that
causes an oppgaite value & the output from the fault type,
whereas a randam-pattern-resistant fault may get detected
only ornce in the enitire test set. Becaise the number of
errors is unpredictable and ranges widely, the average
performance of any method (LFSRs, cycling registers,
error corredion codes) to identify faili ng test vedors will
be poar. Our proposed strategy isto boundthe number of
failing test vectors that have to be analyzed.

The ideaisto take two sets of signatures per output bit
being analyzed. One set of signatures is generated for all
the test vedors, and ore set of signatures for only the first
tl test vedors, where tl is a parameter that can be chosen
based on the drcuit-under-test. Our experiments have
been performed wittl = 250.

Truncation d the BIST test set can be dore using very
simple drcuitry. A cortrol signal that is generated when
t1 test vedors have been applied to the drcuit-under-test
can be used to stop the BIST sesson after the goplication
of t1 test vedors. Alternatively, the control signal can be
used to mask out the data entering the ¢ycling registers
after the tl1-th BIST clock cycle. Instead o diredaly
conreding the scan element to be diagnosed to the
cycling registers, the AND of the scan element and the
control signal is conneded to the gycling registers. This
is illustrated in Fig 4.

Seled k Columns

Signature Reg.
Cycling Reg.
oISt
Truncate BIST CyC|I ng Reg.

Seled Single Column Based
on Column Counter

Scan Chain

Figure4. Collecting Signatures for Onty{t Vectors

This sheme is very effedive in reducing aliasing as
will be shown in the experimental results. The reasoning
behind the scheme is as follows. An easy-to-detea fault
will very likely be deteded in the first t1 test vedors
applied. Thus, the signature from t1 test vedors can be
used for diagnasis. However, a fault that does not get
deteded within the first t1 test vedors is hard-to-deted,
and rence will cause relatively few errors. In this case,
signatures from the total test set can thus be used for
diagnosis without excessive aliasing.

5. Experimental Results

Experiments using the techniques described in this
paper were performed for some of the ISCAS 89
benchmarks circuits [Brglez 89]. Table 2 shows results
where asinge randam fault was injeded in the drcuit-
uncer-test in ead case. The BIST test length was 10,000
vedors. Two cycling registers of size 101 and 107were
used. Note that one set of cycling registers can be reused
when dagnacsing eat o the scan chainsona dip to save
hardware (eat scan chain need na have its own set of
cycling registers). One possble way to further reduce
overhead would be to configure the boundiry scan chains
to perform as the cycling registers.

Of the 10,000 edors that were gplied, the number
of failing vedors (vedors for which the fault caused an
error in a least one of the scan cdls) is noted in
column 2. We have incorporated in ou results faults that
cause arors in the scan cdls a small number of times,
moderate number of times, and large number of times.
Each row in the table corresponds to a different fault.
Column 3 gves the size of the susped set withou any
pruning when 10000 \edors where gplied. Column 4
and 5 respedively give the number of failing and non
failing vedors present in the susped set of column 2
Column 6 gves the susped set size dter the pruning
techniques were gplied onthe susped set of column 4.
Column 7 and 8respedively give the number of failing
and nonfailing vedors present in the susped set of
column 6. Note here that even after pruning the number
of non-failing vectors in the suspect set is often large.

To get much better diagnagtic acaragy, we mlled
signatures for two cases as was described in the previous
sedion. Once for the full BIST sesson and orce for a
truncated BIST sesgon. Column 9 gves the size of the
susped set generated after application o 250 vedors and
usng ou pruning techniques. Column 10 and 11
respedively give the number of failing and nonfailing
vedors in the susped set. For example, the second row
for ISCAS 89 benchmark circuit s13207 shows that the
inserted fault caused a scan cdl to fail for 286 \edors.
The susped set without pruning had a size of 2395 ou of
which orly 72 where adualy failing vedors and after
pruning the size of the susped set reduced to 50 ou
which 3 were adualy failing vedors. The next column
shows that the size of the susped set after using the first
250 wedors and ou pruning strategy had a size of 11, all
of which were failing vedors. Thoughthe number of
vedors that caused an error in the output was 286, our
final solution hed only 11 d them. However, it is



Table2. Experimental Results With Two Sets of Signatures

Without Pruning With Pruning
Diagnostic Resolution with || Diagnostic Resolution with | Diagnostic Resolution with
No. of Test Length = 10,000 Test Length = 10,000 Test Length = 250
Circuit Failing No. of Non- No. of Non- No. of Non-
Vectors || Suspect| Failing | Failing | Suspect| Failing | Failing | Suspect| Failing | Failing
in 10,000( Vectors| Vectors| Vectors| Vectors| Vectors| Vectors| Vectors| Vectors| Vectors
ESH inCSC | inCSC ESH inCSC | inCSC ESH inCSC | inCSC
S5378 46 836 29 807 28 1 27 3 3 0
151 2173 45 2128 49 4 45 5 5 0
794 2637 211 2426 51 6 45 8 7 1
1012 2215 235 1980 48 5 43 20 19 1
S9234 2 4 2 2 2 2 0 0 0 0
442 2509 108 2401 47 1 46 6 5 1
911 2388 256 2132 51 8 43 18 18 0
1818 2450 453 1997 49 9 40 25 23 2
S13207 2 3 2 1 1 1 0 0 0 0
286 2395 72 2323 50 3 47 11 11 0
602 2988 206 2782 56 3 53 15 15 0
3577 1602 594 1008 41 21 20 21 18 3
S15850 27 547 23 524 23 2 21 1 1 0
128 1982 31 1951 40 2 38 5 5 0
1190 2074 246 1828 44 2 42 20 19 1
2371 2640 685 1955 53 12 41 22 22 0
S38417 1 1 1 0 1 1 0 0 0 0
43 1142 31 1111 35 1 34 2 2 0
342 1876 73 1803 42 2 40 13 12 1
1268 2140 265 1875 46 7 39 20 20 0

important to nde here that it is not necessry to identify
al the faling vedors. Corredly identifying even a
potion d the failing wedors for every fault present is
very helpful. It alows further analysis using fault-
smulation a criticd path tradng [Abramovici 83, to
more predsely locae the fault site. This sves a lot of
time by reducing the seach space for dired probing
techniques like E-bean probing. So ou objedive has
been to reduce the number of nonfailing vwedors in the
susped set as much as possble so that the dforts in
identifying the adual defeda is minimized and well
directed.

6. Conclusion

In this paper we have presented a new approach for
scan-based BIST diagnasis that provides time information
in addition to providing space information. The time
information comes in the form of a subset of the failing
test vedors. Knowing some of the adual BIST vedors
that fail enables a faster and more precise diagnosis.

The proposed technique for diagnosis is non-adaptive.
No intermediate signatures have to be mlleded for on
tester dedsion making. Thus, this approach can be used
for field dagncsis where the signatures are analyzed
elsewhere. Further, the proposed approac requires snall
hardware overhead. Only two cycling registers are
required for time diagnasis. The BIST sesdon tes to be
runtwiceper scan cdl if time diagnasisis dore for al the
scan cdls. If the BIST running time is an isae, the
“lookahead” operation with the serial signature register
can be used to reduce test time. This will require some

additional hardware overhead to store signatures on chip.

The propased technique for time diagnasis can also be
used with any o the existing tedhniques for identifying
faulty scan cdls. In this <enario, the diagnasis sheme
would be aaptive. Information about the faulty scan
cdlswould be passed onto the time diagnasis gep. Time
diagnasis could then be dore only for the faulty scan
cells.
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