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On-chip decompression of compressed test datais used in [1]-[6]
to reduce the test data volume for scan circuits. In this work, we
consider the design of an on-chip test data decompresser for mul-
tiple scan circuits implemented on the same chip.

The configuration considered in [1]-[6] is shown in Figure
1, while the configuration we consider here is shown in Figure 2.
In Figure 2, the same decompresser D drives two circuits, C,
and C,. For simplicity, we assume that the two circuits have the
same number of scan chains, Ng (if this assumption does not
hold, it is possible to design D for the larger number of scan
chains and connect only a subset of the outputs of D to the other
circuit). Test dataisloaded to the circuits through N, inputs that
drive D. The decompresser expands every N, -bit wide vector
into an Ns-bit wide vector, which is applied to the circuits C,
and C, through their scan chains. If the length of the longest
scan chainin C; (i =1,2)isL, it takesL clock cyclesto apply a
test t to C;. In every clock cycle, an N, -bit wide vector r, is
applied to the decompresser, the decompresser produces an Ng-
bit wide vector v, and the scan chains are shifted by one posi-
tion with v, as the new scan-in vector. After L clock cycles, the
vectors vy, - - - v, _; define an input combination of C;. The vec-
torsry, - - - ,r__4, and the corresponding vectors vy, - - - v, _; must
be selected such that the test t is obtained on the inputs of C; .
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Figure 1: A basic decompression scheme
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Figure 2: A decompression scheme for two circuits
The advantage of using a single decompresser D instead
of two decompressers, D, for C; and D, for C,, isthat it is pos-

1. Research supported in part by NSF Grant No. CCR-0098091 and in part
by SRC Grant No. 2001-TJ-950.
2. Research supported in part by NSF Grant No. CCR-0097905 and in part
by SRC Grant No. 2001-TJ-949.

and Sudhakar M. Reddy?
Electrical & Computer Eng. Dept.

University of lowa

lowa City, |A 52242

sible to share the logic reguired for D, and D, in a single
decompresser D . Sharing is effective since test sets for two dif-
ferent circuits are likely to contain some of the same vectors. To
maximize the amount of sharing, we propose a procedure for
modifying the test sets applied to C, and C, so as to maximize
the number of vectors they have in common. The applications of
asingle decompresser D connected to two circuits asin Figure 2
areasfollows.

(1) Large designs, especialy core-based designs, contain multi-
ple circuits with well-defined inputs and outputs such as C, and
C, in Figure 2. For such designs, the proposed procedure offers
an alternative to the design of two separate decompressers.

(2) When a single circuit C has a large number of scan chains
Ns and the logic required for implementing a decompresser D
with alarge number of outputs islarge, it is possible to partition
the scan chains of C into two (approximately) equal sets with
Ns UNg/2 scan chains in each set. Instead of designing two
decompressers D, and D, each with Ng outputs, the proposed
procedure can be used to design a single decompresser D with
Ns outputs that drive both sets of scan chains. Although in the
worst case, D will be aslarge as D, and D, together, the sets of
vectors for the two sets of scan chains can be made to overlap
such that sharing of the logic between D, and D, will be possi-
ble.

We assume that atest set T; is given for C;, and that T;
needs to be applied to C; through D fori =1,2. Given atest set
T, for acircuit C;, wefirst partition T; into scan vectors. We pad
the last vector with unspecified values if some of the scan chains
are shorter than others. A test t; is thus divided into vectors
VioVin V- TO apply t; to the circuit, we apply
VioVj1, * T WVjL-y) N reverse order to store vjo,Vjy,
the scan chainsin the correct order.

The set of vectors obtained by partitioning all the testsin
T, is denoted by V,. The set V; is sufficient for creating every
test in T; by applying one or more vectors out of V; consecu-
tively. We aso define V =V,0V,. This is the set of vectors
required for testing both C, and C,. To allow trandation of
every vector v 0 V into a decompresser input vector r, the
decompresser must have at least [log, |V || inputs. Thus, we have
N, =[log,|V || in Figure 2, and the size of V determines the
number of decompresser inputs. Our goal isto minimize the size
of V in order to, indirectly, reduce the size of the decompresser.
This is similar to the approach taken in [6]. The decompresser
size is reduced due to two effects. (1) If V is reduced such that
N, can be reduced, the decompresser has fewer inputs, which
typically implies a smaller size. (2) Even for the same value of
N, , asmaller set VV implies more don’t-cares on the outputs of D
corresponding to vectors that do not need to be produced by D .
These don't-cares can be used to minimizethe sizeof D .

Thesize of V islargely determined by the test sets T, and
T,. Weminimize V by using the following techniques.

Some of the vectors in V have unspecified values. As a
result, V may contain compatible vectors. We combine as many
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compatible vectors as possible in order to reduce the size of V.
Here, we may combine vectors from V, with vectors from V, in
order to optimize the joint set V. This is not possible when
separate decompressers are designed for C, and C..

Next, we attempt to replace scan vectorsin V that appear
only once in T,LIT, by other vectors that appear in T, or T.
Thus, if atestt; O T; consists of scan vectors vjq,V;q, * = V(-1
and vy appears only once in T,UT, (i.e, Vik appears on]y int,
and only onceint;), we attempt to replace vj, int; by adifferent
vector V that appearsin T,LJT, (in one or more tests of T,L1T)).
Every time we replace a vector such as vj, by a vector v, we
reduce the number of vectorsinV by one.

To accept the replacement of v by V inatestt; O T, (or
t, O T,), we require that all the faults of C, (or C,) that are
detected by t; would be detected either by the modified test t;, or
by one of the other testsin T, (or T).

As replacement vectors V, we first consider vectors that
appear more than once in T,UT,. In this way, we do not
increase the number of appearances of vectors that appear only
once in T,1JT,, and we maximize our ability to remove these
vectors later. Only after al the possible replacements using such
vectors V have been made, we consider replacement vectors that
appear only oncein T,LIT,.

Once the replacement of single vectors is complete, we
consider pairs of vectors v;,, and v;, each appearing only once
inT,orT, Letv, appearintestt;, fori =1,2. We attempt to
replace both v;  and v;  together by a new vector v, which may
or may not appear in V. Every time we replace a pair of vectors
by a new vector, we remove two vectors from V and add at most
one. Thus, the size of V isreduced.

We select a replacement vector V (not necessarily in V)
based on v, and v, asfollows. We define avector v, whichis

equal to vj and vj, in every bit where they are equal, and is
unspecified otherwise. We then fill the unspecified values in v,
exhaustively (if the number of unspecified valuesin v, is small)
or randomly (if the number of unspecified valuesin v, islarge).
Every vector obtained from v, by filling the unspecified values is
used as a candidate for V.

We replace vj, and v, int; and t;, respectively, by
every candidate vector V. If t; and t; continue to detect all the

faults they detected before the replacement, the replacement is
accepted and no additional candidates are considered for V.

The following differences between the proposed approach
and the one in [6] are important. First, the approach in [6] is
designed for a single circuit while we consider circuit pairs. In
addition, in [6], as many valuesin T; as possible are unspecified
before V; is defined. This maximizes the number of compatible
vector pairsinV,, thus allowing its size to be reduced. However,
this procedure unspecifies values in T; without considering
whether or not these values actually help create compatible vec-
tors. The proposed procedure alleviates this problem by using
the tests as they are, but allowing vectors to be replaced by other
vectors when this reduces the number of vectors.

We applied the procedure described above to pairs of
ISCAS-89 and ITC-99 benchmark circuits. We assume that all
the circuit inputs are scanned, and we partition them into
Ns = Nspins - -~ :Nsmax SCaN chains. We use Ng which is always
a power of two, with Ng ., =16 and Ng e < mMin{ Np; 1,Np o}
(Np;i is the number of inputs of circuit i). As test sets for
ISCAS-89 benchmark circuits we use compacted deterministic
test sets. For ITC-99 benchmark circuits the test sets are

selected out of 100,000 random patterns and compacted by
reverse order fault simulation.

For comparison, we apply the proposed procedure to the
sets V; obtained for each circuit separately, as well as to the
combined set V =V, L1V,

In Table 1 we show information about the sets V; con-
structed for each circuit separately, and the set V constructed
jointly by the proposed procedure. After the circuit names, we
show the number of scan chains. Under column Vi, fori =1,2,
we show the number of vectors in V;, and the number of
decompresser inputs N; =[log,|V; [|. Under column V we
show the number of vectors in V, and the number of
decompresser inputs N, =[log, |V [].

It can be seen that V is significantly smaller than V,; and
V, combined. This implies that a decompresser designed based
on V would be smaller than two decompressers based on V; and
V, separately.

Table 1: Results

V1 V2 \%
circl circ2 NS sizez NIl | size NI2 | size NI
s953 s1423 16 221 8 153 8 127 7

32 151 8 78 7 140 8

s953 b04 16 221 8 361 9 134 8
32 151 8 210 8 160 8

953 b11 16 221 8 155 8 131 8
32 151 8 89 7 141 8

s1423 b04 16 153 [} 361 9 151 8
32 78 7 210 8 135 8

64 52 6 141 8 105 7

s1423 b1l 16 153 8 155 8 142 8
32 78 7 89 7 133 8

b04 b1l 16 351 9 155 8 142 8
32 210 8 89 7 167 8

s5378 s9234 16 | 1140 11 | 1200 11 545 10
32 695 10 870 10 613 10

64 399 9 444 9 601 10

128 200 8 222 8 377 9

5378 35032 16 | 1140 11 30 5 250 8
32 695 10 51 6 302 9

64 399 9 69 7 324 9

128 200 8 70 7 227 8

9234 s35932 16 | 1200 11 30 5 383 9
32 870 10 51 6 395 9

64 444 9 69 7 345 9

128 222 8 70 7 262 9

s15850 | bi4 16 | 1905 11 | 2940 12 | 1056 11
32 | 1578 11 | 1627 11 668 10

64 929 10 946 10 999 10

128 485 9 576 10 526 10

256 291 9 386 9 375 9
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