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A Novel Test Technique in the SOC Era

MAKOTO SUGIHARA' and HIROTO YASUURA'

In this paper, CBET test approach, a novel test methodology which is a key technology in
the SOC era is discussed. CBET test approach adopts both BIST and ATPG and can reduce
much test time. It can also alleviates the restriction of external pin count and reduce memory
size on LSI tester. A validity of the method is shown theorically and experimentally. CBET
is extended to core-based design method which will be a major design method in designing
SOC. A test time minimization problem is defined and an efficient algorithm for the problem is
given. The method reduces up to 90% of test time by traditional test method in experiments.
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And calculation time for our algorithm validates its effectiveness.
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Fig.4 Fault coverage vs. clock cycles in BIST.
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C432 36 7 157 513
C499 41 32 202 750
C880 60 26 383 942
C1355 41 32 546 1566
C1908 33 25 878 1862
C3540 50 22 1620 3126
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Fig.5 Test sets by CBET in C1908.
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Fig.6 CBET test time in C1908.
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Table 2 The upper limit of speed ratio.

C432 | C499 | C880 | C1355 | C1908 | C3540
Sp/SE | 455.0 | 261.0 | 567.4 | 394.0 | 1101.5 | 578.9
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Test Time Minimization Algorithm

Procedure Minimize (v)
Input : v = (v1,v2,...,Vn)
Output : The optimal test sets
begin

Remove unnecessary test sets

by Theorem 1 and 3.

repeat

T:=T(v);

Remove unnecessary test sets by Theorem 2.
if " Te(vi) > max}_; Tc(vi) then
Search test sets to reduce time of

external test part.

else if 22;1 Te(vi) < maxj—, Tc(v;) then
Replace the test sets whose test time is
equal to T with less BISTed ones.

else /* 3"  Tr(v;) = maxj_; Tc(vi) */
Replace the test sets whose test time is
equal to T with less BISTed ones.
And replace the other test sets with the
ones whose test time is the maximum
among the ones whose test time is less
than 7T

endif

if test time is reduced then
Set new vector of test sets to v.

else
return v ;

endif

until the optimal test sets are found
end

08 ODOOO0OO0O0O0O0O000O000

Fig.8 Test time minimization algorithm.
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Table 3 ISCAS’85 circuit characteristics.
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Table 5 CPU time and reduction ratio.

CPU 0O [ms] 000 [%]
ooooo noo oa oag oo oo oo
ooo ooo ooo gooogd ooo
ao | oo 10 10.0 1.72 37.1 | 96.0 | 76.3
C432 157 36 7 2 1 513 11 20.0 1.93 37.1 | 96.3 | 76.8
C499 202 41 32 2 1 750 12 20.0 2.13 37.1 96.4 77.3
C880 383 60 26 2 1 942 13 20.0 2.34 37.1 | 96.5 | 7.7
C1355 546 41 32 2 1 1566 14 20.0 2.59 37.1 | 96.7 | 78.0
C1908 878 33 25 2 1 1862 15 20.0 2.82 37.1 | 96.9 | 78.3
C2670 961 157 64 5 2 1990 16 30.0 3.07 37.1 | 97.1 | 78.5
C3540 1620 50 22 2 1 3126 17 30.0 3.31 37.4 | 97.3 | 78.7
C5315 | 2298 178 123 6 4 5252 18 40.0 3.58 37.7 | 97.3 | 78.9
C6288 | 2399 32 32 1 1 7638 19 40.0 3.85 38.0 | 974 | 79.0
C7552 | 3397 206 107 7 4 7041 20 410.0 4.21 38.3 | 974 | 79.2
04 ISCAS8 000000000 ODOOOODOOO
Table 4 The number of test sets in ISCAS’85 benchmark circuits.
ooo C432 | C499 | C880 | C1355 | C1908 | C2670 | C3540 | C5315 | C6288 | C7552
goooooooooo 30 46 33 83 96 27 95 63 18 66
gooooooooo 29 41 23 68 53 19 60 47 14 61
10000000d oad 2 2 2 2 2 5 2 6 1 7
goooOoooo BIST 1 1 1 1 1 1 1 1 1 1
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