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Abstract; To realistically simulate the bridging faults in VLSI and to evaluate the quality of the test set,
an intra-gate non-zero resistance bridging fault simulation algorithm based on IDD(Q) testing was proposed.
First, a fault coverage criteria was proposed for this type of fault. Second, the fault dictionary for every
type of the primitive logic gate cells was constructed by using the circuit-level fault injection and
simulation method. Lastly, the gate-level fault simulation was accomplished by querying the fault
dictionary when performing the functional simulation of the target logic circuit. Experimental results show
that, comparing with the traditional approach, the proposed method in this paper can better reflect the
fault covering ability of the test set against the realistic bridging faults and the simulation is efficient.

Key words: VLSI testing; resistive bridging fault; IDDQ testing; fault simulation; fault coverage

07 FFECSE (BN A KRB il . 3 e (.

SR, BHE b SEBR i 4 FELAE AT

(very large scale integration, VLSI) il £ Jii 1 —
DLRARIE VLST il U i) s 2EAIF Y H br. il
f ( bridging fault, BF) J& VLSI " % # UL A9 L i 22
—, JUHR B F A R A AN R, R
R ™ . VR AMIDEH T e MR HERELE N 0 Q1Y 5

ks A . 2015-04-25

AEZ T T 0 BNTES5 R sh &K F, 2 — A Ripl A
X4y VLSI ARGk 1T R PR, BER X —
), B BE AR FE B ( resistive bridging fault, RBF)
FEATAERAGEN 255 . # RBF KA B AR
[@, AT DLCKE H 43 b 177 8] (inter-gate ) RBF A1 4

REWH . “Rili2EE @B TRTCIAN I E ; b Eid G R 2 4 % Bh I H (2013M542535)

EH A

WFZR(1963—) , B ##z, TEINFHE T E RGN 52 Wi AR 7 85 i AF5E , E-mail ; vivorimage@ 126. com



5513

VFZH, 4, LT IDDQ MK VLST [ P e BH=CAF 422 i e 4y 129

(intra-gate) RBF Pi2. 1F ZWF5¢ XC (8] RBF,
AXFITN RBF RS 4RIE. SR, Z R 1) T
RBF & Jry S A Y | A7 422 il I o =2 1) 8 25 A
T, TE S PR HL v A A B AT REPE R 52) e TR
FEL % ( circuit under test, CUT) B9 Fx &7 fay SE I 1
MELLRAT, '] 6] RBF 3 5 28 2% 1 A7 1 1 e 4
& AT IR 0(m?)  Hoh m 9 CUT ik
(%" T T RBF AR E 22 2T £, 0
O(n) , HeHn 2y CUT HaZ 1 TH0%CE ;3) 1N RBF
AT SRB AT R P P95 A (internal nodes) 7
111 RBF WIARGE. g, 58 VLSI 89774 RBF
BAMSE . HET, W98 VLS A A ik £
BT R R DN (32 03 ) R A R DU 2
Je. A R R R AL R B CUT /Y546 i
Uit 3 11 ) #5576 CUT i E AN R I i 4. A
WFFE I, S H U A VR (IDDQ ) I 30X A4 85 o i)

TR BT A R AR SO T
Lo CBIFSE VST Hi 1T A RBF {5 EL 1] 8.

1 [TH RBF R EZEZREHR

X HBFFETT N RBF (LLF % RBF) (1 H 9 7&
5 B2 AL B G A A BN I T ) SR 3 R PN X
AP % ( circuit under test, CUT) F) IDD(-‘,#%?H:_E':@E
RN TE PSR R, —> RBF n e U
f={n,,n,, Ry, Hrp n Fl n, &0 06 42 00 L 1T 5,
EATBE AT LUJE AN % 2R AR AT LU R 05 R MR
PERHMERENLAS B, FRBIHL, 24 R =0 B, B FRAE AR
FEHBE ;2 R = C(C D[ 580 W, ) 2y [ 5 BELEL
P .

PLE 1 (a) R BI BT A CMOS 53T R i, —
A RBF:f=(L,,Lc,Ry) KAEFEELL L, NP EBTT A5
N Z I8 BrE AR R = R, B4 2 A B il ¢ =
“UDU7(L, =17 L, =“1")  IEHIRE T PMOS & M,
A M, B E,NMOS & M, f1 M, . BT AR
IEA BRI E AR K, LT 1) (HAEH /N (< nA K
G¢). SR, B TR EEORE £ BRI AL L, B
H SR RAR 3 AT A S0 LA S i A5 i i 1) 5
A M, M, TAE AR E BT AR B BHIX. & 1(b)
7R TIZSAET TR BRTE £ AFTE M — > 45250
Hor Ry FTIR S T b7 D90 2 25 35 L BHL 5 R 2
s VA (14) 308 P BEL T & A8 90 81 b L DU s 220 .
DCFE HL P T B T AV, R M Y 3 B i A
Ly SURIBE TR L2 IR B Al Rl 1 7KSF-. AR 4l v g 7
FEAKETS 3

Vo
(Ryp +Rp) |l (RMZ +RM3) + Ry

2 s A S R T R S B AT 4 BRI A T
SRR B R ML 1, (1), AT, 1y,
SRR r AR LG R, (A A X R TR
(% RBF, 3 10 BRI I th T S R4
(A BEL{E AR 2t FL 5 A7 B BELAE AR A, X LR BT 1)
PR M RBE AEAERT Y L. DRI, A SR FH HL i £
LIy Sl p 1% ) R,

(D)

7R
! DDQ —

(b) S A

Bl1  CMOS SEITHLE 1 E) RBF 734
Fig.1 RBF example of a CMOS nand-2 gate

(a) CMOSEET]

0 RTH r

B2 1 SHHR B R

Fig.2  Relationship between I, and bridging resistance

BEE 1 MR8 RO REI TR 1y, HE BB
SFARBERLE R Ry, W 2 %, W24 1yt = 1y I
WE R e 25 TR R B, TR, X
B SRR 1 L £, 220 3R G0 R k22
BRI BRI ROl

0 >Ry (Fyhy <Ipy)
pf,t(r) :{1 rSRTH(F;;It)QB TlI) <2)
SRR 56 DU, ¢ s/ (O 3
XN
o Ry
[To o [Tandr
Fcf,t= : +oo = (-ioc (3)
[ “amar [ aer




130 dt = T Wk Kk 2% % R

2016 4F

o (r) W EEREAE 20 A A AL 38 % T pR . B
G, FRAES HAIR ¢« T, Iy TR, i
P T B f A RBELE D TR] AR, k2 X
TR T = {11y, o1, | FOMHBE BB 3
Ly
FC, :max(FCﬁ,1 ,FCfJZ,-'-,FCf,t”) (4)
2 (4) Fos R A 24D o f, DU e e
L AR AR R I — AR AR 1 A 0 g
B, MR T XF RBF #i R4 F = |{f,,
Loy of |V VB RN
FCy y =% 2 Fcf,-,'r (5)

i m R CUT 1 RBF %k,
2 RBF{FEE%

RBF {/f BTG 2 4B B FL S RN
RAGE. YA BTSSR T RBF ALk 3
AR ] A R R o 5 T Ay L U R o A T R
P FL At AR g | AT S b2 s R AR S S
AR R 35 R A T
2.1 BERRHE

LG B B S SE IR AR AN B 3 P, A
HARTTHL B B, & et Hod A —Fh o T 5530
RBF A G PIFRRE IR i e e o 3 A ASE B AR 91 45
FE (AR 21 ORI BEL(E A B R B R I R AR, 5 B
7 ] PSpice {75 LR 7 4 M0 I H BB T A (] ) DU
AL G R HEAT 05 B0, 45 B HL B RY 1,,, DU 1A
IIRTERBE oo 5 Loy PEAT HLEL, & WIEF 0 12 1y, =
Ly , U4 Ry =R, BN R M{EITF AR R R,
WRJ5E KA BN Ry PRAF AR R -,

R L,

A e

H7I7] g fr
AL RBF WA [ o] %

SPICE AL D
" PR {ER

B3 HLEKZE RBF {5 Bl
Fig.3 RBF simulation at the circuit level
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RBF “00” <017 <10 <117
(Ly, Ly) 32,50  26.25  0.00 0. 00
(L, N¢» 0.00 27.50  0.00 0. 00
(L,, 0) 45.00 38.75 38.75 0. 00
(L,, Ly) 32,50 0.00 27.50  5.00
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(Ly, N¢) 0.00  0.00 0.00 31.88
(L, 0) 0.00 0.00 38.88  44.38
(L,, Ly 0.00 32,50 33.75 0. 00
(L, Vop) 3875 43.75  0.00  0.00
(N, 0) 0.00  0.00 16.25 0. 00
(N¢, Ly) 0.00 22,50 5.00 27.50
(Ne,y Vi) 0.00 38.75  0.00 38.75
(L, 0) 0.00 3875 0.00 44.38
(Ly, Vop) 3875  0.00 44.38  0.00
[N 13.39  19.20 14.61  15.31
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Table 2 RBF simulation results of the benchmarks
(Iry =100 pA)
RBF  #ll BF-FC/ FC, ./
o W % %

CUT (ki

cl7 6 84 84 100.00  91.23
c432 160 3228 3102 96.10  86.48
c499 202 5880 5672 96.46  83.22
¢880 383 6341 6315 99.59  91.89
c1355 546 8352 8320 99.62 91.15
¢1908 879 12365 12153 98.29  90.59
2670 1269 19422 19127 98.48  91.26
c3540 1669 26693 26355 98.73  91.43
c5315 2307 44356 44029 99.26  92.05
c6288 2416 35072 34986 99.75  90.89
¢7552 3513 55226 54414 98.53 91.13

3 2 WL I T (ST 1, 1 B4 BF
W3, AR LA S RBF (078 26 %0 /. g
5957 VA L R 5 1 T L T T 2
BRI KA M L ARIE CUT o B 205247 43 s A
SR ) | AT 5 W 247 5 1 T S

32 3 P AT B AR AR SO R D VA 45 LA R
5CHER[3]AH LB iR g5 3. Hor 55 1 %128 CUT
ZFR 2 ~5 FI A SCHRL3 ] R 55 6 ~9 Bl R
ASCRASEAE. 255 V. B K 205 37 3 49 %
B P E A RBF B Ay BRI E. K/(BV)
ST EACRE A B AR AR, RN AR R R
SCHR[3 ] B0 BB B 58 A Linux #21E R 46.2. 8
GHz AMD Opteron CPU & 16 GB RAM. A E
S (%) B £ T2 E N Windows 7 #:4/E R 48 3.4 GHz
Intel Core CPU F14 GB RAM , 812 52 BN 45 14 34 55
} Visual Studio 2010 C# 4.0. @i FbH A W, 7 3¢
PSR AR 5 SCHR [ 3 ] SVACRH 2, T A RE 4 A
ARG AR AR A 32 22 i R 2 A e i 8 AUAS ] . SOk
(3] B4 11 E RBF, 14 SCEF X1 RBF,
WAER B B VE EARE 2 R DAMERIE R
S, BT RBF % B4R & Falf, 1
R RS B LA BOG  BO TR 2 L, SOk
(3] bl e BB BR 2 o0 10* (AN 3 2R 3 FIlAY
3 ~10 FT 7R ), AR SCRTIFSE (91T RBF FLEE 5
CUT i 48 | 14l e PR3 4 O & |, BRI 3  1 1
T et I A .

R3 BRETEMBELER

Table 3 Comparison with previous work
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1355 10* 10* 7.17 7x107° 10° 8352 26. 60 3x10°°
¢1908 10 10* 2.97 3x107° 10° 12 365 52.05 4x107°
2670 10* 10* 4.69 5%107° 10° 19 422 83.79 4x107°
3540 10* 10* 3.18 3x107° 10° 26 693 120. 90 4x107°
5315 10* 10 1.34 1x107° 10° 44 356 492. 43 1x107*
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7552 10 10* 3.29 3x107° 10° 55226 621. 06 1x107*
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