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An Implementation of the Fault Simulator for Switch Level Faults

Yun-Mo Yeon ' - Hyoung-Bok Min 'f

ABSTRACT

This paper describes an implementation of fault simulator that can handle switch level fault models such as
transistor stuck-open and stuck-closed faults as well as stuck-at faults. It overcomes the limitations when only
stuck-at faults are used in VLSI circuits. Signa! flow of a transistor switch is bidirectional in jts nature, but most
of signal flows in a switch level circuits, about 95%, are in one direction. This fault simulator focuses on the way
which changes a switch level circuit into a graph model with two directed edges. Two paths from Vdd to ground
and from ground to Vdd are the two directions. Logic simulation is performed along dominant signal flows. The
switch level fault simylation estimates the dominant path by injectmg switch-level faults, and two pattern vectors
are used for fault simulation. Experimental results are shown to demonstrate correctness of the fault simulator.
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A Py AG A Edelde =38 AAE A. Gre-
iner7t 4§ CMOS 3|28 EDIF % 4oz o
sale] 29X Hd = JYALE AReAT
{12]. =% dlolg] 514 Fo1:A CMOS H = A
H A+E Y by e FAsHt 71H2A
A A dojy #dL A EAA2EHY A7
9} vdd, Gnde) == A7\ 2 22FE 9
E 2 ASE e oY dAE CMOS 32 E
o= gdg ¥y Vdd—+Gnd A= £



ZARZE, Vdd—Gnd A2 9uE A2 eh)gl
. AR Fo] £4 5+ branchs 2z} =4 9444
o 78] dRE YreiAh dEA (2Y 6) B
¢l 2918 AND CMOS 328 dido= A= 45
£ 3% 43 (2Y 93 2 Hee AZE 2
ok olg Fold AZE Auly AZYL WYL
Az el A7MEe Y E Q¥ HAF 28
AFAE dolidth. A B FPo= dojA A
e} =2 Qate o8 dojd Ag vlamstdoh

(Re-name a2yedf] —————= Forward Path >———

No D Path = N1(s100)=>T1{r:16)=>N3(s:BA) = T4(r=16)=>N6{s:681=>TB(r16)=+N7(s:100)
No 1 Path : N1{s:100}=>T2r 16)=>N3(s:84)=>T4(r 1 6}=>Nb(s681=>T6Ir-16)=>N7{5:100)
No 2 Path : N1is:100)=T3(r Bl=>Nd(s 82)=> TSR 18l=>N7(s:100)

ffie-name 22y edil) Famh
No 0 Path : N7is100=>T6(r:16)=>NG{s:54)=> T4(r:16)=>h3(s:68)=>T Hr16l=>N1(s1100}
Branch =oN3(5:68)=>T2{r16)=>N1[s100)

No 1 Path : N7{s:100)=>T5(r: 16=>Ndis-84}=>T3(r: B)=>N1{s:100)

(3% 9) cmMosE 2] HE M- A
(Fig. 9) Results of dominant path for CMOS circuit

CMOS =] A2 43 & ¢ 2Y9d 3o
9 o4 xZ(Vdd, Gnd) M7lE 2 A4
“100"e 2 748 E, ZF =& A7 273 0Tz
AA Y. 7} oA 8] APA = ABEHe)de Bag
o] 3t7] e A7 3 “(length/width) * 100791
2] ARoz AFINL. ol bl JE A3 A=E
9] = 7G-S ALY o ol =95 AAH
A ez A7 E)elM A=Y & AYRCEE R
. 43 @39 AL CMOS 324 7 EdA X
B A7 FYEE 27] 44 & E4%= 2T
AR 443 Ztz e 22 4F5A

2813 Al AT NEHL e ded EA
A A8 T 7S stuck-open ZFP o= HA 5o A
sk ¢z M EAXAH AR k=
Huigte 2FA=R “97% 4A s tum-OFFE 2
& A Edel S dASET EE Fe ez ¢
2lo] Ed A AH § ME stuck-closed Aoz 44
g o, ERAAEHY AP HAA Q] ZATRLR
“1"& 443 tun-ONoZ2 A AEHelHL 4
Alstdt.

B AT = oA A== 7t gl g 927,
34 A =28 W& EU £ 32bitT intel 486 PCo|
AR A free software9] LINUX systemof| A 2913 =

22X il 28 IS MET ZHAISUOIE 728 635

4 2% AEdolHE FHEIZ It CMOS
B89 & EWAAE stuck-open, stuck-closed 2 g
£ Aoz gt 295 99 A A EYolHAL RE
48 WEHE 439 oS 9= (E D 2o

(E 1) ESXAE]Y stuck-open, stuck-closed fault 2444
dx
{Table 13 Results of detected transistor stuck-open, stuck-
closed fault

Number of |St-open fault | $t-closed fault

crcuit Logic function

IranSiStOr | o121 | Detect | Total |Detect
a2y |i0ANDil 6 6] 6| 6] 6
2y |ioORil 6 6 61 6| 6
(il OR i2) NAND
annup.y (3 OR i) 8 8 8 8 8
NOT((s AND ) OR .
; Rl 10|10 |10
Y | GiANDEORGY) | U
((j0 AND j1) OR
2y |0 AND D) 10 010 {10110
.y | (G0 AND 1) NOR 8 sl sl sl s
Y| i AND i)
mly |i0NANDIl 4 4] 4| 4| 4
nao3.y | (0 AND il) NOR i2 6 6| 6| 6| 6
po2.y |i0NOR il 4 4| 4| 4l 4
nxr2.y | NOTGO XOR i1) 10 0|10 )10] 9
x2y |0XORil 10 (10|10 |10]10
NOT((si AND pi)

sum_y | AND <) OR (cob AND 14 4114 14|13
({5 OR piJOR ci))

(FE 1)94 22l AAH “nxe2_y"¢} “sum_y "I =2+
stuck-closed 2 F 17] 4 o] HA =] kol 95%, 96.4%
o] A% AYEE AU 2 ] RE 2 AY
A4l A A AHEE-s £vh. dHH2 = stuck-
open A% ¥t} stuckclosed 22| AF AP
o & 59 2-4¥ ANDACE B =AM H& ¢
Hog T 79 448 e HE ) 275ke] 7=
7o) z} EAXAE stuck-open, stuck-closed Z
9] A4 Ad= (R 2)8} 7o) A

(E 2)0lM Hz 4 28 WEG i) “11/1
0"o] 29A gd AF ANEdEA A7rE o first



636 SIEDKCIED =EX| M4 M 25(97.2)

vectore F4 FEIEE A48 second vectorz &
B AHE B dd 971 ER@AAE stuck-
open A2 =] AElgte = A JaA AAsgrk
EG EWRR2HE stuckclosed ZEe AME w, T,
Test Teo] ERALHE A= A7} 0 2=
T =4 Jeigel W8 A=< AAI) un-
known . 2 #ol& zhs o 8 H4L R/ % Frh
s 293 HY A7 A EdolAdA ors 2
3 A4E e EWRAEE two pattern vector7}
Foid W, 2R2AM AF &9 Auizte A Ha
Y = AAGE P42 AFH DA o
g RolEZ A% AY B2 U £ UL

(X 2} 2-2/3 ANDH|O|= 3|29} stuck-open, stuck-closed
fault 29 2
(Table 2) Results of detected stuck-open, stuck-ciosed
fault for two-input AND gate

stuck-open fault stuck-closed fault

transistor | gy vector/ first vector/
second vector good/ faalt second vector good /fault
T, 11/10 0/1 00/11 1/0

T 11/01 0/1 00/11 1/0

Ts 00/11 | 1/0 | 00/00 | 0/X

Te 00/11 1/0 { 00/10 | 0/X

Ts 11/00 0/1 00/11 1/0

Ts 00/11 1/0 00/01 0/X

58 B

2 At Me =8 Ao #dsA Agd At
2 29 H4d 29F 9= R A a7
2 49 CMOS Sla2x 1dx nd g HEss=
||, ol A wd B8] AF 58] FoS%YE
7t @ge g dRs e ForEs] 2o 294 3
2§ Eddsted L 4% 552 iges
AFAEET 29X @Y 2% A5 o] 42 CMOS
HE2 dAXHA 5L JL9 g A2 7y
o st =g 29X Ay AEH )M 9
Y& CMOS 52 {43 E5% 2 9] EDIF 23
Y E o] 48 T As7= Py g 2k =

2 AlEdelde AEA ALY AujE B2 we
Hg3td vddFE Gnd £ GndRE Vdd= gate=
AA A2 B uet HE 29 Auge AA 3}
4tk 297 #@¥ g NSl e = A S o
Hof 7123t 2 A2 oo ERA2H Y stuck-
open, stuck—closed 232 FYAA Al A=zE @
Faach o] o HE AL F A A e (first
event, second event)Z Q17}3le] A= A2 &
g deizts 292 29 Augta) vastd 4
olgt ZHZ AYEL FAs AT B =FAA 2HG
29A 9 A A EwelEE CMOSEZE 12748
dHEZE Ageted A% ASdelde s 2
F2A, 28 A YE7} F& stuck-closed Aol o5
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