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A Parallel Generation System of Compact IDDQ Test Sets
for Large Combinational Circuits

TSuYOSHI SHINOGIt and TERUMINE HAYASHIt

This paper presents a high performance compact IDDQ test generation system for detecting
bridging faults, targeting large circuits. This system is based on the iterative-improvement-
based method (Shinogi, et al., 1998). We use two-level parallel processing technique for
speeding up the test generation significantly, and invoke the assist of a deterministic ATPG
for attaining 100% fault efficiency. The experimental results demonatrate the effectiveness.
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Fig.1 Detected bridging fault.
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Fig.2 Procedure for iterative improvement method of

random patterns 5).
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Fig.3 Parallel-pattern logic simulation ),
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Fig.5 One improvement step in PII32.
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Fig.7 Outline of the distributed algorithm.
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Fig.8 Execution flow of the parallel system.
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Table 1 Experimental results for large circuits.
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Table 2 Variance of test sizes. Table 4 Comparison of test set sizes with previous
methods.
oooooooool gooooooool
goooooo
= 88, (90, @3, @1, @3 89, [95, @3, B9, B8 000000 pos oo oos)| oo
g 94, 90, 87, 92, Q4] 89, 95, 91, 93, 94 nseeds] 512,
B ooool2 oooole c880L 13*[ -l 171 - 141
@ oooo4 ooo9s €1355L 63*[ 63*[ | 66! 68! 63*[
Oooos7 00ooss €1908L 43*[ 441 440 (44t 43*[
€2670C 211 (20)0 [ 230 [ (29)C 20*(
0 | 123,117, 122, 125, 1271 121, 124, 124, 122, 125I ©3540( 52[ 52 520 | (61)C 50%T
% 122,128, 123, 123, 1201[ 120, 124, 122, 121, 126 ¢5315[ 24%[ 25( 271 | @6 26(
3 0001230 oo0o1229 €6288L 21*[ 22! 23( 28( 25(
@ oooi12s 000126 c7552C 29*( @nC [ 36| (B 311
oooi117 0oooi120 s5378L 61*( (70)C - 961 -
(nseeds=5120 000 0) 59234LC 101*C | (102)C (162)C
513207C 188*[ | (183)C 243(
515850C 122*0 | (130)C| - (194)C
Us boooouoooood 359320 22* | 22*(| -[ | 32l -
Table 3 Comparison of experimental results with 5384170 92*[ (1371 -1 | s -l
previous methods for large circuits. $38584[ 123*[ | (174)( - | (315)( -[

ooooooo oo% 0020008004
CPUODOI | CPUO O |nseeds=!
20 for C,
nseedsC] 512| nseedsO] 64 5 for Sl

c7552
nrnn e 100% 100% NA [100.00% 99.99% | 100%|
ooooon 29 31 27 36 51 31
0000 [hm] 0:02 0:01 0:05 1:32 0:25 | 0:25
$15850(
0ooo 1% 100% 100% NA 99.99%)|
oooooo 122 1261 1301 194
0000 [hm] 0:07 0:05 0:46 4:36
$35932 notl notl
nonn e 100% 100% NA 100.00%
0ooooo 22 23 22 32
0000 fhm] 0:26 0:18 1:26 | reported| 1:18 |reported
$38417
nnnn [y 100% 100% NA 99.99%|
oooooo 92 106 137 257!
0000 [hm] 0:29 0:18 7:25 18:48
538584
0ooo (%) 100% 100% NA 99.99%|
ooooon 123| 1341 1741 315!
0000 [hm] 0:46 0:39 7:51 27:54

00000000000000000000O000000O000O0AO0

gooooooobbobobooobobobobooon 2
gooboooooobi1ooooooooboon
40000000000000DO0DODOOOODOOO
goooooooobbobobooooooboboboo
JododbOo0obo0o0o0oobo0oboooooooo
JodbooooOooooobbobobooobooo
030000000000 b00O0oOOoo0oooo
ISCAS85” 0DOOOO0DO 100 ISCAS89® 000
000 500000000000000000O00O
gdbobooboooooogo ioooboobbo
JDO000OD00O0Onseeds 0O0DOO0O0O0ODO 1000
000 6404000000 b12000000000O
0 2)000 4) 0 Sparc-5000 3) O Sparc-200
0 5) 0 OPentium-Pro 200MHz OO OO OOOOO
000D DoO0D0OO0O0350MHz Pentium-11 O 200 MHz
Pentium-Pro 0 1.5 000 0 00O 200 MHz Pentium-
ProO 110MHz Sparc-50 00 40000003
c75520 00000 00000000000 0O0O00OO

():0100%0000
*:100%0000000000000000!

Oo®00000000000000 5)00 100%0
gooobooooooooooobooobooooo
3000101 00000000s384170 s38584 0
oooooouooos00o0ol1ooooooon
0o0ooooooUo 23%0000000000000

o2040000000000D0000O0COOOOO

gooobooooooobooooooobooooboo
500001000000000000000000
0000 30%000050000000000000
00o00O0ooOooooOo3pIscASsooooooono
goooooooooooboboooooooboo
gboooboooooooooboooboooooobooo
goobooooooobooooooooboooooo
goobooooobooooobooocbooooooon
ooooooooon

O000oOoO IscASsOOoooooooooo
goooooo400000000D0O0ODOODODDO
gobooo0os00000b0000oooooooo
gooooo

oooooooooooooboooooooood
gbobooooooooooooooooog

8. 00000

uoooooooobooooooboooboOooooo
O0o00o0o0ooooo0ooo0o0ooooon IDDQ
ooooobooobooooobocoooobooooboo
goooboooobooogo

0000000 00000000000000



Vol. 41 No. 4

goobooo200b0b00o0o0oboboobbooo
goobooooboboooooboooobbooo
LANOOOODO 4000000000000000
oooooo0oooooooooooooooobDboOo
goooooOoooooboooooobboooooa
goboo0oooooboDoooobObOOoOoboOooooa
0dd0ooooooboobooobooboobooooa
o000 1% oo0o0oo0ooooooooood
goodoodooooboobbooooobboobo
00000 Odeterministic ATPGO OO OOOOO
gobooooobooboboboooooooooo
gdbodoboooboobooooobooboooo
goooooooooobooooo4b000000
000000ISCASOO0OO0OO 2000000000
0000050000001 0000000000
O000o00o0oooo 30%00050000000
00doooooooOoobooooboobooo
0o0ooooooLsiooooooooooooon
00oooooooLsiIoDogoooooooooo

goboooooooooobooboboooooobooooon

gooboooooooobooooocooboooobooo
O0000O0OOnseeds 0000000000000
gobooooooooosmoooboooboooboon
00000000000 xO0O0O000000nseeds
gboooooooooooOooooooooooooo
O LSIgooooooooooooooooooo
goooobooboooooboo100b0obo0obo
gbooooooooboooobboooooood
goboooooooooboooooooooooon
gooooooooobooboooboobo

o o o o

1) Chakravarty, S. and Thadikaran, P.J.: Intro-
duction to IDDQ Testing, Kluwer Academic
Publishers (1997).

2) Reddy, R.S., Pomeranz, 1., Reddy, S.M. and
Kajihara, S.: Compact Test Generation for
Bridging Faults under IDDQ Testing, VLSI
Test Symposium, pp.310-316 (1995).

3) Thadikaran, P. and Chakravarty, S.: Fast Al-
gorithms for Computing IDDQ Tests for Com-
binational Circuits, 9th International Confer-
ence on VLSI Design, pp.103-106 (1996).

4) Kondo, H. and Cheng, K.-T.: An Efficient
Compact Test Generator for IDD(Q Testing,
Asian Test Symposium, pp.177-182 (1996).

0oo000oooOo0o0ooOo0n IDbQUOO0ODOOO0OO0O0O0O000O 951

5) Shinogi, T. and Hayashi, T.: A Simple and Ef-
ficient Method for Generating Compact IDDQ
Test Set for Bridging Faults, VLSI Test Sym-
posium, pp.112-117 (1998).

6) Abramovici, M., Breuer, M.A. and Friedman,
A.D.: Digital Systems Testing and Testable De-
sign, IEEE Press (1990).

7) Brglez, F. and Fujiwara, H.: A Neutral Netlist
of 10 Combinational Benchmark Circuits and
a Target Translator in Fortran, International
Symposium on Circuits and Systems (1985).

8) Brglez, F., Bryan, D. and Kozminski, K.:
Combinational Profiles of Sequential Bench-
mark Circuits, International Symposium on
Clircuits and Systems, pp.1929-193 (1989).

9) Stevens, M.R.: UNIX Network Programming,
Prentice Hall (1990).

10) Schulz, M.H., Trischler, E. and Sarfert, T.M.:
SOCRATES: A Highly Efficient Automatic
Test Pattern Generation System, IEEE Trans.
Computer-Aided Design, Vol.7, No.1, pp.126—
137 (1988).

(0011090 14000)
(00120 20 4000)

oo oooooao

1954 00019770000 O0O0
OO0ooooooocoorooog
goooooooooooooaon
ooooooooooooo198s0
ob1g0o0oooooooooo
OO00OLisp000 Facom 00000000 PIM/p
oboooooboosooooooooooDbo
gboooboobooboooogooesoooonoo
ooooo9vo0000oLSIoooooooon
oooo0ooOoOoooOooo/oooooooooo
O000o00oooOoOO0O0OO0OO0OO0OO0O0IEEEODOOO

a ooooooo

194700019690000000
ooOooDbOooo0O01971 00000
goboooboboooooooobooo
ooboooobO0o0oooooo1993n
gooooooooooooooon
gooooLSIooooooooooooooooog
gooooooooooobooboooooooooo
OO0OIEEEOODODO



