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An Analysis of Dynamic Test Sequence Compaction Methods
for Acyclic Sequential Circuits Using a Time Expansion Model

TOSHINORI HOSOKAWA," MASAYOSHI YOSHIMURAT
and MITSUYASU OHTAf

A test sequence for an acyclic sequential circuit can be generated using a time expansion
model, and the length of the test sequence can be dynamically shortened by performing fault
simulation with reversely transformed patterns which are generated from the whole test se-
quence for an acyclic sequential circuit in order to detect undetected faults. In this paper, we
present the dynamic test sequence compaction method: a reversely transformed pattern and
an ATPG pattern are compacted in a compaction buffer for a time expansion model focusing
on the point that a reversely transformed pattern may have don’t cares (Xs) in order to detect
more undetected faults . We also present the test sequence compaction method focusing on
the point that compaction efficiency may be high as the number of Xs in a test sequence in-
creases. Experimental results for practical circuits showed that our presented methods could
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shorten the length of test sequences by 34 to 67%.
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Fig.1 Acyclic sequential circuit: S.
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Fig.2 Time expansion model: C(S).
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Test_generation_acyclic(S)

Generate a time expansion model C(S) corresponding to S.
for (undetected fault F € F)

Select a fault #from undetected fault set F.

Generate a test pattern vfor fin C(S).

i[f ((tp = Test _patten_compaction(1)) '= NULL)
Set Os and/or 1s to Xs in a test pattern tp.
Perform fault simulation for C(S) with tp.
Remove detected faults from F.
Transform tp into a test sequence 7P.
Compact 7P with a whole test sequence 7 for S.
Reverse_transform();

}

}Nhile(a test pattern compaction buffer 7BUF is not empty)
Take a test pattern tp from TBUF.
Set Os and/or 1s to Xs in tp.
Perform fault simulation for C(S) with tp.
Remove detected faults from F.
Transform tp into a test sequence TP.
Compact 7P with a whole test sequence 7 for S.
Reverse_transform();

1
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Fig.4 Test sequence generation algorithm using a time
expansion model.
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Fig.6 Analysis of dynamic compaction.

000000500 6000000 PI1(0)0PI3(0)0
PIN(1)OPI2(1)OPI3(3) 00000000000
00400000000000000000000

OO0y 0 XOOOOOUOO TBUF(L-1)0O0OO0OOO
vO0 TBUF(L-1)0000000 XODOOOOOO
000 TBUFODODOOOOOOOOODOODOOO

00000000000000000000 PI1(0)0
PI3(0)0PI1(1)0PI2(1)0PI3(3) 000000000

4. JOO0ODODOOOO ATPGOOODOOOO
oobOooobooog

4.1 00000 ODOOODOOOOOOO

O0oooooOooUoooooooooo Xoo
oooooooo0oU0O0 400000000 F
O ATPGUOUODOODODOOOOOODOOOOO Re-
verse_transform() 0 000 000000000000
010)00000000000 X000DOoooao
0o0001000000000O0DODODDO0ODODOO
oooOooooooooooOoOoOoUoooooOoodg
0ooooooooOoooooooooogoooo
0ooooO0oooooOooooooooooooodg
oooooood

O00o0oooUooooooOoooooooooo
000000o00ooo0oooO0ooooooooo
000o000oo0oOooOooOoooooOo 4000
Test_pattern_compaction D 00 [N O0OO00OOOO
O0oATPGOOODODOOOOOOODODOODOOOO

0000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000 ATPGOOOOO
O0O0ATPGOOO0O0O0OOOOOOOOOOOO
000000000000000000000 ATPG
000000000000000000000000
000000000000000000000 500
0000000000 ATPGOOO0O0O00O0O0OO
00000000000000050000000
0000 10004000000000000000
0000 7x(1,X,0,X,X) 00000000 75 O
0000000000000 ATPGOOOO0O0O0O0
0000000 50000730 750000000
000O07:0 75 0000 T30 T3&Ts 0000
00T:&Ts 000000000 ATPGOOOO0OO0
000000000000000000000000
00000 ATPGOOO0O000000000O000O
00000000 ATPGOO0O0OOOOOOOO



Vol. 41 No. 4

00000000 ATPGOOOODOOO0 ATPG O
000D0000T:&Ts 0000 ATPGOOO0O0O0
000000000000000000000000
0000 10004000000000000000
ooooo

42 000000OOO0OOOOOOO

00000000000000000000000
0000000000000 ATPGOOOOOODO
00000000000000 3000000000
0o00O00O0O0O0OO0O0O

00010 000 ATPGOOO0OO0D0000000O
000000000000000000000000
000O000O0O0000000D0O0000O0O0O0O

050000000000000 ATPGOOOO
T: 00000000000000 ATPGOOOO
000000000000000000000000
000000000000000000000000
ATPG 0000 (Tx&T3) 000007, 00000
000D00D00000000000 ATPGOODOO
(Tx&T5) 0000000000000000000
000 1000400000000000000000
000000000000000000000000
000000000000000000000 ATPG
000000000000000000000000
00000 ATPGOOO0OO0O0O000O0000C00O00O
000000000000000000000 ATPG
000000000000 000 ATPGOOOOO
00000000000 D000000 ATPGOOO
00000000000000000 ATPGOOO
00000000000000000000 ATPG
000000000000000000000000
000000000000000000000000
00000 ATPGOOOO0O0O0OO0OO0OOOOO0O0O0O
000000000000000000000000
00000000 ATPGOOD0O0O00000000

00000 ATPGOOOOODOOOOOOOOO
000000000000000000000 ATPG
00000000000000 ATPGOOOOODO
oooooo

00020 000000000000000000
000000000000000000000000
000000000000 ATPGOOO00OO0OO
oooo

0600000000000 6000000000
00 10000000000000000000000
0500 ATPGOODO0 (Ty,Th,Tr, To,To) 000

goobooooooooOooooooOoOoOoOOoOoOoOoOoDObOObObObOOO 957

00000000000000000 30006000
0000000000000000 Ts(1,1, X, X,0)
0000000000000 ATPGOOOO 7700
0007, 00000000 T:0000 ATPGOOO
0 T+&T; 0000000000000000000
0000000000 4000 7000000000
5000 80000000000000000000
000000000000000 To(X,1,X,X,X)
0 Ty(X,1,1,X,X) 0000000000 ATPG
0000 (Tv&T:) 0000 3000 6000000
000000T,O0T,, 00000000000 Ts O
00 ATPGOOOO0OOO0OOO0O0O0O0OOOOT, O
00000000 7, 00000000000000
000 T:0 7 00000000O0000000 4
0 PI1000 XOO0 100000000007, O
1,1,X,X,X000O I, 000O0000000o0oo
0000000000100000000000000
0000000000000000000000000
000000000000000000000000
ooooooo
000 30 00000000 O000000000
ATPGOOOO0OOOOOOOOOOOOO0O0O00
oooooooo
0000000 », 000000000 ATPGO
000000000000000000000000
000000000000000000000000
00000000000000000 vwO00000wn
0000mMO0000000 ATPGOOOD0D0O0D0
000000000000000000000000
0+ 0XO00O0000O0O0O0 0000 100000
000000 XO0000000000000000
0000 v 0000000000000 ATPG O
000000000000000000000000
000000000000000000000000
00 ATPGOO00O0OCOCOOCOO0OOO0OODO
010000000000000000000000
0000 XO0OOOOOD 0000 10000000
0000000000000000 10000000
0000000000000000 ATPGOOOO
000000000000ATPGOOOOOOOO
000000000000000000000000
000000000000000000

5. DOoooOoOobobobobobooboo

ooooooDbOO0o0o0obD0o0oo0oooooooo
000oooooooOo ATPGOOOOOOOOODO



958 goooooooo

\
WA R @

1

PI1

G

O>NH Dprprm

—

@PIZ n <

®p13 . , HRERBEH
© H ". ® :.—V PO2
/ P12 Pz

07 0D0O0OODDOODOOOOD
Fig.7 Necessary primary inputs ofr fault detection.
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Fig.9 X decision method for an ATPG pattern.
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31095 | 48.2 5 55756
34731 5.4 | 45 | 165151
67329 | 32.8 9 90879
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Table 3 Experimantal results of mode R.

CN R-TL R-CT | R-D
#1 5366 1108 4.0
#2 842 292 15.3

#3 2178 1618 13.1
#4 3194 1735 5.9
#5 12460 3839 4.1
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Table 4 Experimantal results of mode D.

CN [ D-TL | D-CT D-D CR
#1 | 4365 | 1180 48 (15.1) | 9.7
#2 675 352 | 19.5 (424.6) | 4.8
#3 | 2124 | 1664 | 13.7 (101.9) | 3.8
#4 | 1520 | 1454 | 12.7 (61.5) | 5.5

#5 6810 2951 8.4 (17.0) 11.2
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Table 5 Experimental results of model T.

CN | T-TL | T-CT | XR | XDR
#1 2901 1486 83 0.5

#2 306 276 85 10.5
#3 1654 1828 93 5.1
#4 1531 1753 50 36.0
#5 6218 4219 92 8.1
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Table 6 Experimental results of combination of mode D

and T.
CN | DT-TL | DT-CT
#1 2781 1461
#2 292 340
#3 1439 1769
#4 1251 1621
#5 4089 3302
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