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Abstract

The first time unit where a fault in a synchronous sequen-
tia circuit is detected by a given test sequence T is used
by various procedures. One such procedure selects input
sequences that are loaded onto an on-chip memory and
used as seeds for built-in test pattern generation. Each
input sequence is constructed based on a different fault f
and is extracted from T, around the first detection time of
f. In thiswork, we extend this procedure to consider mul-
tiple time units where every target fault f is detected by
To in order to select a shorter sequence based on f. The
result is reduced storage requirements and test application
time for this built-in test pattern generation approach.

1. Introduction
Various procedures for synchronous sequential circuits
accept a test sequence Ty, and use as part of their compu-
tation the first time unit where each fault is detected by T.
The built-in test pattern generation method of [1] loads
short input sequences into an on-chip memory. Each
loaded sequence is expanded on-chip using specia hard-
ware. The input sequences to be loaded are computed
such that each sequence, after it is expanded on-chip,
detects at least one yet-undetected target fault. To ensure
this property, the loaded sequences are constructed from a
deterministic test sequence T,. Specificaly, a loaded
sequence aimed at detecting a target fault f is computed
from the shortest subsequence of T, that ends at the first
time unit where f is detected. Hence the importance of
the first detection time of every fault for this procedure.
Another application where the first detection time of
afault isimportant is that of static compaction. The static
compaction procedures of [2] and [3], and procedures
derived from them (e.g., [4], [5]), accept a test sequence
To, and attempt to remove from T, as many test vectors as
possible without losing fault coverage. These procedures
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use the first detection time of a fault in order to identify
test vectors that need to remain in Ty SO as to retain its
fault coverage.

In the applications above, it is convenient to use the
first detection time of a fault since it can be identified by
conventional fault simulation that drops the fault as soon
asit is detected. However, afault may be detected again at
later time units, and sequences extracted around later
detection times may be shorter or otherwise more suitable
for the application being considered. In terms of fault sm-
ulation cogt, it is not necessary to perform non-dropping
fault smulation in order to find all the detection times of
all the faults. In al the applications listed above, only a
limited number of faults will be selected as target faults
and require non-dropping fault ssimulation. In addition, it
is possible to use all the time units following the first
detection time of a fault. In this case, non-dropping fault
simulation is not required.

In this work, we investigate several methods to use
multiple detection times of a fault, or multiple time units
following the first detection time of a fault, in order to
reduce the sequence lengths that need to be loaded by the
built-in test pattern generation method of [1]. Reducing
the loaded sequence lengths reduces the storage require-
ments and test application time of this method in several
ways. (1) At any given time, a shorter sequence needs to
be loaded and stored in the on-chip memory. Thus, a
smaller on-chip memory is required. (2) The total lengths
of all the sequences that need to be loaded is smaler.
Thus, the total loading time is reduced. (3) The overall
lengths of the expanded sequences applied to the circuit-
under-test is lower. Thus, the test application time is
reduced. The reductions in storage requirements and test
application time are achieved without affecting the fault
coverage, which remains complete.

Other built-in test generation methods for syn-
chronous sequentia circuits were described in [6]-[9].
The methods of [6] and [7] rely only on on-chip test
sequence generation, and do not achieve complete fault



coverage. The method of [8] uses encoding techniques to
reduce the memory requirements of a deterministic test
seguence. The same encoding techniques can be used for
the input sequences loaded by the procedure of [1]. The
method of [9] relies on DFT in the form of partial reset
and observation points to achieve complete fault coverage.

The paper is organized as follows. In Section 2, we
review the method of [1]. In Sections 3 to 5, we present
extensions to the procedure of [1] aimed at reducing the
storage requirements. In Section 6, we present experi-
mental results comparing the various extensions with the
procedure of [1]. Section 7 concludes the paper.

2. Thebuilt-in test generation method of [1]

Under the built-in test generation method of [1], short
input sequences are loaded into an on-chip memory. Each
input sequence, after it isloaded, is expanded on-chip into
a test sequence. Together, the expanded test sequences
achieve the same fault coverage achieved by a given test
seguence that was generated off-chip.

We use the following notation to describe this
method. An input sequence to be loaded into an on-chip
memory is denoted by S. The expanded version of S
obtained on-chip is denoted by S,,. The set of dl the
sequences Sis denoted by 2. The set of al the expanded
sequences Sy, is denoted by ;.

The sequence Sy, is obtained from S as follows.
The sequence S is repeated n times to obtain S, = S,
where A" is the sequence A repeated n times. The
sequence Sk, is complemented to obtain S = Sy B
(here, Ostands for concatenation). The sequence S, is
repeated, this time shifting every vector by one position to
the left. We obtain S5, = Sy (55 < 1, where A< 1is
the sequence A with every vector shifted to the left by one
position.  Findly, S5, is reversed to obtain
Sop = Sop [ Sip, Where rA is the sequence A after
reversing the order of its vectors. For example, starting
from the sequence S shown in Table 1 and using n = 2, we
obtain the sequence Sy, also shown in Table 1.

Table 1: An example of Sy

S [o000 110

Sep | 000 110 000 110 111 001 111 001
000 101 000 101 111 010 111 010
010 111 010 111 101 000 101 000
001 111 001 111 110 000 110 000

To ensure that complete fault coverage would be
obtained by the sequences in 2y, the set 2 is derived
based on a test sequence T, that was generated off-chip
and achieves the desired fault coverage. We assume that

T, detects al the target faults when the fault free and
faulty circuits start from the all-unspecified initial states.
The sequences S, are also applied under the same
assumption. The set X consists of selected subsequences
of Ty that are further compacted to reduce their lengths.
Each one of the sequences is expanded beforeiit is applied
to the circuit, such that the total length of the expanded
sequences may exceed the length of T,. However, at any
given time, the length of a stored sequence is much shorter
than T,. In addition, the total length of the sequences is
typically smaller than the length of T,

Each sequence in X is loaded into an on-chip mem-
ory at the tester speed. After each sequence S X is
loaded, its expanded sequence S, is produced on-chip
and applied to the circuit at-speed. In this scheme, the size
of the memory that stores the sequencesin X~ need only be
large enough to hold the longest sequence contained in X.
There is no need to hold the circuit state during the load-
ing of a sequence, since the sequences are computed under
the assumption that the circuit state is unknown before the
application of each expanded sequence. The memory
used for storing the loaded sequences may be a memory
that already exists on the chip, or amemory added for test
application.

Next, we review the procedure for constructing 2.
The procedure is given as Procedure 1 below. The given
test sequence Ty is first simulated. The set of faults
detected by T, is denoted by F. For every fault f O F,
the first time unit where f is detected is denoted by
Uge(f). The set Fiyq contains all the faults in F which
are not yet detected by the expanded versions of the
sequences in Z. Initidly, ¥ = ¢, and Fiq=F. In each
iteration of Procedure 1, afault f [ F,q is considered.
A sequence Sis constructed based on f by calling Proce-
dure 2 (described below). Procedure 2 constructs S such
that its expanded version S, detects f. The sequence Sis
added to 2. The expanded sequence S, is fault simu-
lated, and all the faults it detects are dropped from Fiyg.
Thus, in each iteration of Procedure 1, at least one addi-
tional fault is detected, and the procedure is guaranteed to
terminate with a set of sequences 2 such that %, detects
every faultin F.

The fault f selected for the construction of the next
input sequence Sis the one with the highest detection time
Uget( ) Of @l the faultsin F,4. The reason for this choice
is that faults with higher detection times tend to be more
difficult to detect, and test sequences that detect them tend
to be longer, and tend to detect a larger number of addi-
tiona faults.



Procedure 1: Sequence selection

(1) Simulate Ty to find the set of detected faults F. For
every f O F, store in ugg(f) the first time unit
where f isdetected. Set Fiyg = F. SetZ = ¢.

(2)  Leét Ugetmax = Max{Uge(f): f OFag}. Select a
fault f [ Fyg such that Uge(f) = Uget max-

(3) Cadl Procedure 2 below to construct a sequence S
basedon f. Add Sto X.

(4) Simulate the faultsin F,q under the expanded ver-
sion Sy, of S. Drop from F,4 every fault which is
detected by Sy

(5) If Fiag # @ goto Step 2.

To describe Procedure 2, we denote by To[uy, U]
the subsequence of T, that starts at time unit u; and ends
at time unit u,. The goa of Procedure 2 is to find the
shortest possible sequence Ssuch that Sy, detects f. Pro-
cedure 2 first finds a time unit ug,; and a subsegquence
S = To[Ugart, Uget(T)] Of Tq such that the expanded version
Sep Of Sdetects f. For this purpose, the procedure starts
With Ugat = Uge( ), and reduces ugy,; until f is detected
by Ssp. Thus, the procedure considers To[Uge(f),
Udet ()], TolUget(f) =1, Ugee( )], To[Uger(f) =2, Ugee( )],
-+, TolO, uge(T)], and selects the first sequence whose
expanded version detects f. We note that it is always pos-
sible to find such a sequence S. In the worst case,
S=Ty[0, uge(f)] will detect f when ugy: =0 (this is
because T, detects f at time unit ugy(f), and the
expanded sequence S,,, will also detect f in this case).

Once S is found, we further reduce its length by
omitting test vectors from it. The test vector at time unit u
of S, denoted by Ju], can be omitted if, after the omis-
sion, S, still detects f. Procedure 2 considers al the test
vectors of Sin arandom order. If S, after the omission
of Ju] from S detects f, the omission is accepted, and S
is redefined to be the sequence without the omitted vector.
Following this, all the time units along the sequence are
considered again. Otherwise, if SJu] cannot be omitted,
Su] isrestored into S. The procedure terminates when all
the time units have been considered without being able to
omit any additional vector.

The set >~ obtained by Procedure 1 may contain
redundant sequences whose detected faults are also
detected by other sequences. We therefore apply to = a
procedure similar to reverse order simulation in order to
drop as many redundant sequences as possible.

3. Using all the detection times

In Procedure 2, a sequence S based on a fault f is com-
puted such that the detection time of f, ugg(f), definesthe
end of the sequence. Procedure 2 finds a time unit Ugg

such that the expanded version of the sequence
S = To[Ugart, Uget(T)] detects f. Once ugy, is found, Sis
further compacted by omitting test vectors from it. By
using ug( ) astheend of S, it is guaranteed that it will be
possible to find Sthat detects f.

To compute Uy ( ), Procedure 1 performs fault sim-
ulation with fault dropping of the sequence T, in Step 1.
Thus, Procedure 1 finds the first detection time of every
fault. However, a fault may be detected by T, more than
once. If a fault f is detected by T, a time units
Uget,1(T), Uget 2(T), -+, Uger m( ), then Procedure 2 can be
used to construct m different sequences S;,S,, -, Sy,
each one ending at a different detection time uge i () of f.
Procedure 2 proceeds as follows when provided with a
detection time uge i (f). The procedure first finds a time
unit Ug,rr; such that the expanded version of the sequence
S = TolUgart)i» Ugeri(T)] detects f. Once ugyy; is found,
S is further compacted by omitting test vectors from it.
Assuming that uge 1 (f) is the lowest detection time of f,
we have that Uge 1 () = Uge( f) IS the detection time com-
puted by Procedure 1, and S; = S is the sequence com-
puted by Procedure 2 based on ugg( f).

After generating sequences S;, S,, -+, Sy, based on
Uget,1( ), Uget 2(F), -+, Uger m( ), Procedure 1 can select
the shortest sequence S, and include it in . In this way,
the maximum length of any sequence in X is potentially
reduced, and the total length of all the sequencesin X is
reduced.

To find Uget 1 (), Uget 2(T), -+, Uger m(T), it IS Neces-
sary to simulate f under T, without fault dropping. How-
ever, this does not need to be done in advance for al the
faults. Rather, fault simulation without fault dropping can
be done for f only when f is selected as the next fault to
be considered by Procedure 1. As a result, only a limited
number of faults targeted explicitly by Procedure 1 will
require non-dropping fault smulation. The modified Pro-
cedure 1 is given next.

Procedure 1 all_det_times: Sequence selection consider-

ing al the detection times

(1) Simulate Ty to find the set of detected faults F. For
every f O F, store in ugg(f) the first time unit
where f isdetected. Set Fi,q=F. SetZ =¢.

(2) Let Ugetmmax = Max{Uga(f): f OFaq}. Select a
fault f O Fiyg such that Uge(f) = Uger, max-

(3) Simulate f under T, to find al the detection times

of f.

(4) For every detection time Uge  ( T):
Call Procedure 2 to construct a sequence S
based on f and uge i(f).

(5) Select the shortest sequence S computed in Step 4.

Add S to >.



(6) Simulate the faultsin F,q under the expanded ver-
sion § g Of §. Drop from Fy4 every fault which
is detected by S e

(7)  If Farg # 9, goto Step 2.

4. All thetime units after thefirst detection

In Procedure 1 al_det_times, we consider all the detec-
tion times of afault. The use of a detection time Uge i ()
to define the end of the sequence S ensures that the fault
can be detected by S. In this section, we note that if f is
detected by T, for the first time at time unit ugg(f), then
any time unit Ugnq; = Uge(T) can be used as the last time
unit of a sequence §, and still guarantee that f would be
detected by S ¢p. Procedure 2 can till find a time unit
Uggrtj SUCh that § = To[Uggart, Ueng;] detects f. In the
worst case, Ugqrtj = 0 will be used. It is then possible to
further compact S by omitting test vectors from it.

USING Uengj > Uget(F), it is possible that uUgge;
obtained for ue,y; would be the same as ug,; obtained for
Uger( ). This situation is illustrated in Figure 1. However,
even in this case, it is possible that uSiNg Uengj > Uge( T)
will result in a shorter sequence S than the sequence S
obtained for ugg(f). This is because of the omission of
test vectors from Sand § after ug, and Ug,; are found.

Ugtart Uget( )

To

Ustart,i Uend,i
Figure1: An example using Uengj > Uget( T)

The modified Procedure 1 that considers every time
unit Uengj = Uger( T) and selects the shortest sequence does
not need to explicitly compute every detection time of f.
Thus, it does not require non-dropping fault simulation.

5. All the time units after the first detection or
until the maximum sequence length is reached
Consideration of all the time units following the detection
time of afault may result in the generation of alarge num-
ber of sequences for the fault, from which the shortest one
will be selected. It is possible to reduce the number of
sequences generated without increasing the maximum
length of any sequence in X by the following extension.
Let the maximum length of any sequence in X be
Lmax- INitidly, when X is empty, we have L, = 0. When
afault f is considered at an arbitrary iteration, we gener-
ate candidate sequences § based on time units Ueng; =
Uget (T), Uget(F) + 1, - -+, L =1, where L isthe length of Tj,.
We generate sequences S for increasing values of Ugg;
until we find the first sequence S whose length does not
exceed Ly, Or until Ugg; = L —1 has been considered.
In the former case, we include § in Z without consider-

ing additional values of ugg;. The following example
demonstrates the reduction in the number of sequences
generated.
Consider a circuit with seven faults fy, fq, -, f.
Let Uge(fo) = Uo, Uger(f1) = Uger(f2) = Uge(fa) = Uy,
Uget(f4) = Uger(fs) = Up and Uge(fe) = U3. Suppose that
Up < Uy < Uy < Ug, and that us is the last time unit of Tj,.
Initiadlly, ~ = ¢ and L5 = 0. Since faults are considered
by al the versions of Procedure 1 from the highest detec-
tion time to the lowest, fg is considered first. A single
sequence is generated for fg based on time unit us. This
sequence will be included in Z, and L5 Will be set equal
to its length. Suppose that f, and fg are detected by the
expanded sequence. The next fault to be considered is fs.
For fs, sequences are generated based on time units
U, Uy +1,---, us, or until the first sequence of length L
or shorter is generated. Suppose that this happens for
U, + 1. In this case, instead of generating uz —u, +1 can-
didate sequences for fs, we only generate two sequences,
and include the second one in 2. Suppose that fy, fq, f,
and f; are detected by the expanded version of the
sequence selected for fs. The next fault to be considered
is f. For f3, sequences are generated based on time units
Uy, Uy +1,---, us, or until the first sequence of length L
or shorter is generated. There are uz —u; +1 candidate
time units for f3; however, not all of them may have to be
considered. After adding the sequence for f; to Z, al the
target faults are detected, and the procedure terminates.
The modified Procedure 1 is given next.
Procedure 1 all times max_len: Sequence selection
considering all the time units after the first detection time
or until the maximum sequence length is reached
(1) Simulate Ty to find the set of detected faults F. For
every f O F, store in ugg(f) the first time unit
where f is detected. Set Fiq=F. Set Z = ¢. Set
Lmax = 0.
(2)  Leét Ugetmax = Max{Uge(f): f OFqq}. Select a
fault f [ Fiyg such that Uge(f) = Uget max-
(3) For every time unit Ugg = Uget( T):
Call Procedure 2 to construct a sequence S
based on f and Ugyg;. If the length of § is
L max O shorter, go to Step 4.
(4) Select the shortest sequence S computed in Step 3.
Add S to Z.
(5) Simulate the faultsin F,q under the expanded ver-
SioNn S g Of §. Drop from F,4 every fault which
is detected by § o
(6) If Fiag # @ gOto Step 2.
Procedure 1 all_times max_len will minimize the
maximum length of the sequencesin Z similar to the pro-
cedure of the previous section; however, it may result in



longer sequences for faults that require shorter than the
maximum length. This may result in a larger total length
of the sequencesin .

6. Experimental results

In [1], experimenta results were reported for ISCAS-89
benchmark circuits. The test sequences used as Ty in the
construction of ~ were the ones generated by STRATE-
GATE [10] and compacted by the static compaction proce-
dure of [3]. For each circuit, a number of repetitions n
was selected in [1] to construct the set of expanded
sequences Z,,. We use the same test sequences T and the
same values of n in the experiments reported here. In
addition, we apply the various procedures to severd
ITC-99 benchmarks. As test sequences for these circuits,
we use the ones generated by the test generation procedure
PROPTEST [11].

In Tables 2 and 3, we show the results for
ISCAS-89 benchmark circuits. In Table 2, we include the
results of the basic procedure from [1] (Procedure 1), and
the extension proposed here that uses al the detection
times of a fault to construct a sequence S for the fault
(Procedure 1 _all_det times). After the circuit name, we
show the length of the test sequence T,, and the fault cov-
erage it achieves (the same fault coverage is achieved by
the proposed procedures). We then show the number of
repetitions n. For each of the two procedures being com-
pared, we show under column seq the number of
sequences in 2. The total length of the sequencesin X is
shown under column tot. len, followed by the ratio of the
total length to the length of the original sequence T,. For
example, for s298 under the basic procedure, the ratio is
0.23, implying that atotal of 0.23 of the origina sequence
needs to be loaded into the chip to achieve the same fault
coverage as the original sequence. The maximum length
of any sequencein X is shown under column max. len, fol-
lowed by the ratio of the maximum length to the length of
To. For example, for s298 under the basic procedure, the
ratio is 0.15, implying that at any given time, only 0.15 of
the original sequence needs to be stored on-chip. In the
last row, we show the sum of al the lengths in columns
showing test lengths, and average values for columns
showing ratios. In Table 3, we include the results for the
procedure that uses all the time units following the first
detection time or until the maximum seguence length is
reached (Procedure 1_all_times _max_len).

In Table 4, we show the normalized run times of
Procedure 1 and its extensions, and of the compaction pro-
cedure used for dropping redundant sequences from X
(this procedure was applied following Procedure 1 and
every one of its extensions). The run time is normalized
by dividing it by the time it takes to fault simulate Tj.

Table 2: All the detection times
(ISCAS-89 benchmarks)

orig basic proc. al det.times

circuit | len f.c. | n|seq| totlen |maxlen |seq| totlen |maxlen
s298 | 117 86.04| 16 27 0.23| 170.15 16 0.14| 80.07
s344 57 96.20, 8 14025 60.11 14025/ 60.11

g~ g a

400 | 611 90.26| 16 259 0.42|100 0.16 174 0.28/100 0.16
s526 {1006 81.80| 16 637 0.63|122 0.12| 10| 468 0.47| 92 0.09
s641 | 10186.51| 16| 13| 290.29] 80.08| 13| 330.33] 80.08
s820 | 491 95.76 45| 454 0.92| 15 0.03| 47| 447 0.91| 150.03
s1196 | 238 99.76 100| 137 0.58| 20.01/100| 136 0.57| 20.01
s1423 1024 93.33 21| 422 0.41| 820.08| 30| 459 0.45| 59 0.06
s1488 | 45597.17 15| 220 0.48| 44 0.10| 19| 122 0.27| 25 0.05
s5378 | 646 79.06 38| 326 0.50| 29 0.04| 38| 318 0.49| 250.04

tot/ave |5262 2797 0.48/519 0.10 2451 0.42|434 0.08

4
5

s382 516 91.23| 16| 5| 272 0.53| 94 0.18 264 0.51| 94 0.18
5
9

0 0 0~ p

Table 3: All thetime units after thefirst detection time
(ISCAS-89 benchmarks)

orig al times max.len
circuit len n seq tot len max len
s298 117 | 16 4 14 012 7 006
s344 57 8 6 1 0219 4 007
s382 516 | 16 6 272 053 88 0.17
400 611 | 16 6 56 0.09 15 0.02
s526 1006 16 11 607 0.60 89 0.09

s641 101 | 16 18 25 025 2 002

820 4901 | 4| 45| 47 o8| 12 002
s1196 | 238 | 4| 100 | 137 058 | 2 001
sl423 | 1024 | 8| 24| 496 048 | 39 004
s1488 | 455 | 8| 20| 165 036 | 16 0.04
5378 | 646 | 8| 41| 314 049 | 21 003
totave | 5262 2514 041 | 295 0.05

Normalization allows for a more fair comparison between
the different procedures.
Table 4: Comparison of run times

basic proc. all det.times all times max.len
circuit | Proc.1 comp. | Proc.l comp. | Proc.l  comp.
s298 30.62 64.59 5493 37.35| 21527 33.69
s344 10.99 19.16 2415 1934| 109.63 20.95

s382 | 308.27 137.66| 2970.16 89.81|17935.48 125.42
SA00 | 22493 147.31| 5168.93 114.03 | 67590.02 35.30
s526 | 328.57 93.67 | 37307.94 7272|62674.54 75.81
s641 4376 62.44| 19299 58.94| 25562 46.98
s820 83.03 71.49| 54472 69.79| 56529 7244
s1196 | 13.27 47.14 1424 47.16 13.46 47.27
s1423 |103.10 56.45| 90578 46.14| 468740 71.17
s1488 | 41.16 77.17|17069.81 5098 | 664.31 63.13
s5378 946 20.74| 2055.16 20.17 85.01 21.82

Results for ITC-99 benchmark circuits are given in
Tables5 and 6.

It can be seen that the extensions of Procedure 1
allow the total length of the sequences in Z and the maxi-



Table 5: All the detection times
(ITC-99 benchmarks)

orig basic proc. al det.times
circuit|len f.c. |n|seqg| totlen |max len|seq| totlen |max len
b01 6698.52| 8| 3| 110.17, 50.08/ 3 110.17| 50.08
b02 4597.14| 4/ 2| 110.24] 60.13 3| 100.22| 50.11
b03 13673.89 8| 8| 430.32] 100.07| 9 410.30 70.05
b04 16886.78 4| 21| 780.46) 70.04 18 720.43 70.04

2 2

8 4

8

8

b06 3792.08 60.16) 30.08 2/ 60.16] 30.08
b09 27980.71 840.30) 320.11 930.33/320.11
b10 19091.21| 8| 12| 770.41 160.08| 13| 780.41| 16 0.08
b1l 676 91.55| 8| 11|1500.22| 280.04| 19 97 0.14| 190.03

tot/ave|1597 460 0.29/1070.08] {408 0.27| 940.07

a1

Table 6: All thetime units after thefirst detection time
(ITC-99 benchmarks)

orig all times max.len

circuit len f.c. n | seq tot len max len

b01 66 98.52 8 3 11 017 5 0.08
b02 45 9714 | 4 3 10 0.22 5 011
b03 136  73.89 8| 10 44  0.32 7 0.05
b04 168 86.78 4| 22 72 043 5 0.03
b06 37 92.08 2 2 6 0.16 3 0.08
b09 279 80.71 8 4 57 020 | 17 0.06
b10 190 91.21 8| 12 77 041 | 16 0.08
b11 676 9155 8| 16 | 104 0415 | 13 0.02
tot/ave | 1597 381 026 | 71 0.06

mum length of any sequencein X to be reduced at the cost
of increased run times. The reduction in the maximum
sequence lengths is especialy significant when Procedure
1 al_times max_len is used. This contributes to reduc-
tions in storage requirements, as discussed above. On the
average, for ISCAS-89 benchmark circuits, the maximum
sequence length is reduced approximately by a factor of
20 compared to the original sequence length and by afac-
tor of 2 compared to the results of the basic procedure
from [1].

7. Concluding remarks

A built-in test pattern generation method proposed before
was based on loading input sequences and expanding
them on-chip into test sequences. Each input sequence
was extracted from a fault detection test sequence T, and
ensured the detection of a yet-undetected fault. An input
sequence aimed at detecting atarget fault f was computed
from the shortest subsequence of T, that ended at the first
time unit where f was detected by T,. We extended this
procedure to consider multiple time units where a fault f
is detected. In addition, we considered time units u that
follow the first detection time of f even if f is not
detected at time unit u. This resulted in several candidate
sequences for every fault f. Of al the candidate

seguences, we selected the shortest one. As a result, the
storage requirements for built-in test pattern generation as
well as the test application time were reduced compared to
those of the basic procedure.
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