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Abstract

In this paper robust test generation for stuck-open faults in CMOS circuits is proposed. By
obtaining initialization patterns and test patterns using the relationship of bit position and
Hamming weight among input vectors for CMOS circuit test generation time for stuck-open faults
can be reduced, and the problem of input transition skew which make fault detection difficult is
solved,and the number of test sequences are minimized.Also the number of test sequences is reduced

by arranging test sequences using Hamming distance between initialization patterns and test patterns
for circuit,
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Table 1. Expanded truth table for b circuit.

w x ¥ y z fo Fo
1 0 1 0 0 0 1
1 0 1 0 1 1 0
1 0 1 1 o 0 1
1 0 1 1 1 1 0
11 0 0 o 0 1
1 1 0 0 1 0 1
I 1770170 1770
11 0 1 1 1 0
00 1 0 o 0 1
0 0 1 0 1 1 0
00 1 1 0 0 1
00 1 1 1 1 0
01 0 0 O 0 1
01 0 0 1 0 1
01 0 1 0 0 1
01 0 1 1 0 1
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Table 2, (a) Test patterns, (b} Initialization
patterns, (¢) Fault detection.

w x X y z f
all 0 1 1 0 0
bi1 1 0 0 1 0
ci0 1 0 1 1 0
djo o0 1 0 1 1
e] 1 1 o 1 0 1

(a)

w o x x y z |[f Agds 23
gl 01 11 1 al 45 PMOS
hift 1 0 1 1 1 bi 1,2 PMOS
if0 01 0 0 0 c| 1,3 PMOS
e 1 0 0 0 0 d| 810 NMOS

e| 67,9 NMOS
(b) (c)
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o g 28 2713 ool AT FHUS A
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ol welel 00100, 010002 73§ A

bsl2ol 9lE=EE: 52 E H2AE ¥ W
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fys o] %&£l Bed H4E pLqro] "t 2=
2 83 A b3l 2ol NI W Fol TalA
o, a8l 2o g Bl AE siela) 273 ARl 3 3
o vepd A#} o] FEAct

=3 o328 gt T W 329 47t Fz
(pa, r)=1(p+q’) (gt ) =fz’ ol B2 2§ o] F=
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(¢) 2% HZ(a32)
Table 3, (a) Test patterns, (b) Initialization

patterns, (¢) Fault detection{a circuit).

P q r fy p_a r|fy
ki 0 0 1 0 1 1 111
1 0o 1 0 0 0
m|[ 1 0 O 1
n 0 1 1 1 (b)

(a)

AEsE 24
k11,12 PMOS
1 11, 13 PMOS
m| 14 NMOS
n | 15,16 NMOS

(c)

H 4. (a HAE H8 (b 2713 A=
(¢) 1A% (c 312)

Table 4, (a) Test patterns, (b} Initialization
patterns, (¢) Fault detection(c circuit).

p a9 4 rlifz p g 9 r|f
gl 0 1 0 170 ujl 0 1 1|1
rfl1 0 1 00 vil 1 0 111
i 0 0 1 1711 w0 0 1 010

1 1 0 01 xf0 1 0 0[O0

(a) (b)
A& =l 317 (s-op)

ql 17, 18 PMOS

r |19, 20 PMOS

s |22 24 NMOS

t |21, 23 NMOS

(A 2] 8% 8=, AAC A& 4, 7Fdl AYF
o] 714 & pE HlAE Aoz AHF
ct.

(A 3] oF aza, WAl YE o 7Fd AYF
o] 7}4 A& o % HlAE dEoz AH
et
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(A 4] sl2E el A3 g5 g,=4, WA
e g A Fol A 22 £, ool
e 27)8 AHelog A= Fc}

(<A 5] shee Hedd AE oF aza AN A
= o7bed #FEo] s F o F gl o
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H2b%: H2E T ) FUY (primary input) ol
olabz] 9= Uyl 2+ pog roll A FEo] Hel
b3l zol deisle 27(3h HEis Has AR A
o4 A b3l A P gz #ub ohd
g} p,q roll 218 YHHejA Aol 2Jd FAE kA
slojof ghe}, o374l y,z0) WHE UHE A 2
y, 29} Ml & (275 gel-ell2E sul)e] AR
FEE u,y = b2 E HAE T o (00-+10), (00
—-01), (11-10), (11—01), (11~1D & Walo} A&
& 4 itk

b3l 2ol g F y,z= Fy, Fzel el 22 pq,
roll &k Fy, Fz2l 285 slawlojxddof o3t +
AL wAEE HAE Ao BAE FEo} g pg,
roll @t Fy, Fzol 38 Atsivwd & 59 7o

B 5. Fy Fzoll 3 Al
Table 5. Truth table for Fy, Fz.

p q ¢ Fy Fz

0 0 ¢ 6 0

g 0 1 0 1

0 1 0 0 1

0 1 1 0 1

1 ¢ 0 1 0

1 0 1 1 1

1 1 ¢ 1 0

1 1 1 0 0

@ 2% Fy, Fzol Aefol @2 i Wel pg
o] wW3hE Jehd zolth o F Eof Fy,Fzzh (00)
Aol ] 1) A2 W& ull, p, g, r& 2718 HE
©00) 3 el2E el (1000 AdstAY, 2718 A
B(111) 3 B2 e (110) Aded "k 2 ol
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o A P Relst b A e A3
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nceol o8 FHAt F, dio/dy=x w' =1 °|EZ&

(000.100) ¢000,001)
(000,010)
13,1100 ¢111,011)

(101,100 10L,10D
10 11 11

(101,001

)
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a2l 2. Fy, Fz9 Abe} coloja#y
Fig. 2. Stiate diagram of Fy, Fz.
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A4 ZH5tuz vlAE Jedd HPAt Ha
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E Ao]AAE g~ a— h— b~ h— c— i~ d—= j—
e} :

Y 2329 o) Bl2E HEIFS} artelol) #W
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o 4% FAE Fe 4 U, A HAE Ao) Y
29 48 29 4 A Hol EAHY HAES o]
£ 4 9ok

254 2718 AR} A= A 6ol
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B 6. Hl&AE Aol@x
Table 6. Test sequences.
w X p gq r
0 01 0 1
0 0 1 0 O
0 11 0 1
0 1 0 0 1
01 1 0 1
1 11 0 1
1 6 1 1 1
1 0 0 1 1
1 1 1 1 1
01 1 1 0
0o 1 1 0 O
01 0 0 O
0 1 1 0 0
01 1 1t 1
0 1 1 0 1
01 0 1 1
o 1 1 1 0
- 0 1 1 0
- 0 0 1 0
- 0 1 0 O
- 0 1 0 1
- 0 0 0 1
- 0 0 0 O
- 0 0 1 1
- 0 1 1 1
V. o % oF
B 704 AL £ =¥ 2o i HEH A
ol w, BE #a =2[8]lolA AHE-H 32 i3

A48 Aol

AE A4 daelEe NP-completedt FAol 2
2 gaeEe viae Ao waE A4 %
o) BlAE sjEle] 4ol o vjae} HEZH o]
F-o] A c}-0

Sherlekar 7} #1Qtat Bl AE A4 w2 3 e
aAuich 2E W4 dE AT E Fallopsta o
el slA2¥7 Yasichs Bl e bl ¥

CMOS 3129 Stuck-open ZARE L 93 2V AE
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Bl AE A 47
7 7. 4% A%
Table 7. Result of application.
No. of test | Robust
sequences
A B HAE
Sherlekar | 48 27 YES
Bate 161 | 65 YES
Jain 32 18 NO
2+ =1 25 11 YES
EFoldE 2wkl 25 7ol st &k Ao A2 E
alezx 3 wke] RE wAE HEY 4 YE HA
E Heg gAsigdn, &Y ngol sl o
A Sl 2ESb ok & A HlAE A g Ae
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