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Bl LTBIMET 2HMBETH L. /87 A— Vi BEEE, B, BNt LomE o
A= HERTIHETH L. BB, —ERESRELRSIE, FOEBIKE
TOHETHY, —F, BREEL, —RHRYCEBRNCEESFET IHRETHS.
7z, B—igEEid, MBICHESRE L, E—DORELIFELZVWIDOTSHY,
L EHREIFER CEREOREBIFEET L0 TH 5.

BB, WEOREIREHICER SN, SEKEORERRIE, B—KEOZR LY/
B, T, ELOBEE, B—HEERETET7AMRS PVTELERELIRIETE S
EVWDRTWS 0™, PLED L) RBSA,S, ARXTIIHE—RELKET 5.

2.2 FAMHE

WEDNRL, BE, ZONBANBFICELZ AN ZEML, SAREDRFCElS
BHRNCELEELRBEDFNERBT LI LICEYD FRAMENE, COANE, KBED
FERCBEERRELERLZDRELRNTHEANTHY, 7A M FVERITRS.
T/, EEZBAOHICEIPRHELIRIEN S, H21 I8N R TR MFEELRT.
FAMHEREDEFHRICEIVELOARISETELE™, TF, FAIRZ MU
DER - MBHEIZE DALY - FRAMEEFTFTA Y - FAMELRARTE B,
AV A4V - FAMRBET A FNABROBEEFHEDICT A FEETT L. SFEBETOA
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Expected
Value (s)
Circuit
Test Fault-free/
Vector (s) UTn;;r Faulty

H21 —®BEFX NEE

ABTAIRY PV ELTORFERT. —FH, £ 7747 - 7 A MER#ET X Al
DOEFBEL DML TTAIES). COFECETAINOLODHNEATITHET R
PR PNFLETHY), The#7 A MEBRICEHML, 20BN EL2FMHT 5. &7
54> - FRMERT A NOBRBE, FAMRZ MVOERFE, BHSEOHESE
WED, EHICVWODITHEHTE S,

9, FAMOBAFEICLONET A MELHMRAART A PEEICHTETES. T
AMETIRTRA FEBIIET R FREBNCHD, FRAEPRS PLEABEBL ST R
LIEFICEIma N, 7 X POIBOEEINE T R P EE~NBHS NS, —F, HAAT R
FETEHT A FEBEISHET A PEBANICHATATYS, THIZDOWTIRRE 2.3 Tl
. FAMZ PVOEKICE, SXONTRERELRIBTLI-ODATTERDDLT IV
TYXLMFEEL, B2, S200ZANICE > TRBTELKEL RO HEY I 2
L—2aviEldh s, 7)) aMFETRBERTEERZ TXTOHBEIT L7 A b
R IMVERDDLILNTES, HEY I 2L -V a VETRIRTOTELZALTOES
HIZOWTHNRLZWVERDY, $RTORBUTRELREECHTHTA PRI PUEFERTLER
o, TV XANFEICL S 7 A MEKICIE, DRORHEEEEAVWTTAM
s FIVERD B Poage DHEED, ENFHEM, 7 VMBE® 2 EXH 54, BEE B
VSR TV S FEGEREELE L W) ZBR CETVWTA MERFETHE, Thic
DT 2 SHTRNS, BOEOHEHEZTRTORAD BT 5 kL a7
FFAMELICHETES, FEEEIRE TR, BEOEELROKOBT LHET X b
BIgOET & %5, £, BREKL, EEMEOHER2TIHETHS. avniy
FFAMERETA MOBROEDICERF 2 BULERTERSEL, TORRELRMETHS
FEAREE IER2EBOENE 2HBL, HETHHETHS. 7— 7 B3 15,
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BREBEL EFLILHLNTHEY, BRATRBFSHETENLLAVWLATVWES, F5
BT OVWTIIRE TR 5,

2.3 TRAIMNESILERE
CEE, ICHARFAMNEBICLL o TFAMENRE, ZOFAMFETEFAMNS PV
LENIIS % B X IC OAEBA IR T TH ), BRAIEINEBENEFTHS. IC K
b, Bt L COARMARDHBFIERIIEEML 2V D, ICO 1 AW TFHY
DEFROGEIHEMLTETVS, ftoT, BHOTHENY - TEHIMAETL, T
FSHEEIC R o TETEBY, FAFIRXAPOERERBVTN S,

ORI T 5720, BETRTA FESHILEE L TN B REFTFEASIHONT
W5, FAMEEALREI LI, TAMEERLTA MBS T HARELRETAH2LT
dh, AKOTHENE - THAM 2352 L TH S, THEMEIE, NBALTRFH
SEIBONEHRELHHTE LIRS IORETH Y, THEME, NEEIRHTCRED
WEREZ BT E 285 3ORETH L™, 7 A MESILRFTOBEIIF R F E5 kM
DERE, TAMRZ PVBOBIRTHS. FA MESLEECREBOBEL EHT B
DILELRTFOMIC, T7AMOZOOABIRFICLETHSL. $€oT, 7R MEHIL
FEHCHT B FEEEE & LT, BEOEREOMIIC, FIMEEL - /SNy F, BfEEE
DENLGEFDHS.

7 A PEBALRETOFRIX, T Fa v 7 &E (Ad Hoc Design) & HiEHIREET (Structured
Design) £ ICABITEZ 689, 7 Fivy 7 ZEHIE4 DREBEOF A + OWEE S ORIEL#
RTDREFEOZETHD. AR BEULKREJICHTELTT A MEBRRRORL, W
Bl - THER OB L3 o720, HEWIX, EROANSFREOHM - BRZ AR
TEHODOHMABIBF LRI B FELRENS S, —F, WENREHL, 72255
KT SHETAHZHCTT A FORBS CHT SMELZHRTIRETFETHS. 204
KOO LT, HFEEICHTIZAF ¥ VERENESD FHLATHS, THIEN 2.2
R L7z E 9 ICEFE R ONERREB 2 R - HEITE2L)CAFYr 4V, AFy
YT N OHMARIEFERT, o, BEEFELELTTAMECY 7ML IRASOH
VedSTI e 7Y v 7 - 70y TRER LR TH 5.
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Primary . Primary
inputs Combinational Outputs
Circuit
—

FF1 -

FF2 |-

FFn j-=
Clock —# I
Control —» Scan Out
Scan In

@22 % EHEHE

MEAH T A MRS T A MEICHT 27 A VAETH LA, A7 A MEBORHE
PBRETSEV)BRIBWTT A MESILEESO—FETH S, MdiHT R MEIER 23
@ IRT LI, FAMNS PVEBRBENIHERE POHLT A MEEZHET A M
BEE—DF v THICHALC L TERINSL, IhbD 7 A MERE, AMEES -
Ay FEPNELTE2008 7 A FEBICHEFRICERH I A ZTRIESC 6w, TR
Ry PVELTEEETFAMRZ MV, BUEEFA MR PV, =4 00— Fi2k3s
FAMRZ PNV EPEREND., BUEBREHRE 71— Fv s -7 LIRS
(Linear Feedback Shift Register : LESR) (2 & o THESICERHUT LD TEL AL ATV S,
HHHECE, WHEEOLBEELRROS IOy 87 P TR ME(E230) FHVS
h5, F—FEMICIE LFSR IC L W EHRSWAFSHE D 2 V505K TH
5. 4 ¥y PO LFSR IZ L 25 MITZROM®KEN 24 ISRT. HEHTETRIVIRY
WICBRZITR - 7 ESERETH Y, T 7 3 F ¥ (Signature) L ISR S, LiL, 20K
BOMBEEELT, F—ERCLIREORLLTHS LA )T AFRY (Aliasing Error)
8 BEET D, T4 YT AR &iX, FEEMBENDOATIT— S ITHBEIC L BERY A
FHELTWTY, TS EMIC Lo TEORYFEWRAIKDN, ERBHEDITAF v L
HLRD, HEEARALTLE)IZLTHS. LFSROV T FLIRSIDOEY F % m,



12 o8 ZHEEEDOFI N DEEXLES

Chip
ro e T T T ——— 1
| . .
i1 Test Circuit Output |,
\| Vector = Under -»«»Response-lL»EZE:t free/
1 |Generator, Test Analyzer ! ty
1

f
]
I
!
|
|
1
1
|
|
]
|
i
[}
1
|
|
[}
1
i
1
1
|
|
1
L

(@) #AHT R MEDOEREIER

Output Response Analyzer

; Expected
! Value
}
}

: Compressor—={Comparator |——

(b) T XY FF X NEDEIRRIEAR
23 #HAAFXMEEQALINT TR MK

In—>?—>Ro—>T—>R1—>R2—>R3—T—>Out

@® ExOR Gate

Rn| Register

24 4y M T4 —FKNy 2 -7 bhLTI XA
LFSR "D AN F— ¥ DESHnEy b, T4 YTAE)ORERELP L L, $_CD
A HE% AT 7 — 5 OHBHEEAE LV L LA,
P=(2"m-1)/(2"-1) .1

TH5H M,

n<m



Ho¥ ZEEBEDF X FDEXES 13

ol

% 61iE

P=2m

THB O,

2.4 XEYDFT AL
AEYDOTFTA M, FOHRE BELrO —KROBENKEZRL2LIFETITODRSE, X

1) O, OV OWVLLBIREIH L TH, FEOLVIEEDT—FFIELL

BEALCEHE, FOT-5EREL, »o, BHTIELPTEBILETHS. fEoT,

AEYDTFAME, T—50ERA -G LEME Thbb, EWNOT77ERAICE-T
fTbhs, FAMEBIEZTF X VCLELRT 7 L ARIROBH, $hbb7X FRIEICH

B9 %.
[77] —
z 3 m |z 8|N"2| Memory
g2 g™ cel
< a Array
Sense Amp.
Read/Write
Data - Logic
Columun
Decoder
o
Column N : Memory Capacity

Address m = log,N"?

25 *EYDEFEK
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AENRE25ICRT LI, ELAEY AT LA ETIA-FEPLPE o TS,
ENVT LA DOWE® L LT, CVORERE 0 231 0ELLA—HIKEESND
FORHEE, EROEVIBRMWICESL, ThonFDH b VOREDOEEIHEELT
WBD NV ORE E LA &€ 5 A HE (Coupling Fault), & %tV ORNEIMBOERD
ENDING — L) LR B3Y — VRFEE (Pattern-Sensitive Fault) 2 £ 5.
ARy — VEREREOZBOHBIC L > TTF A PRFIDRE S RL 5.

#21] FAMRIIEFRIENDIDOD—DOTHLY—F >S5 A+ (Marching 1's
and 0's) 3 OFFHEXK 2.6 (a) IKRT. TFLRAiDENMIT—% d 2EALT L%
W@, 7FLVAjOLVORERBRBTIELER LRLTWVD, ZOFRI TR, 10
EVORBEEZDLL (2.6 @ @ (1), RICELVONBEDEHELL, T— 5 DER,
EAALET— S DOHEBLET FLADOFENM (M 2.6 () D (2)), B (H 2.6 () D (3) 1247
5. TRHOEEER 0, 1 EFRTRIIH LTI . d=0 DFEOBRIEFIHEK 2.6 (b) (T
KT, 1EY M7 — FOREBBEENEY FOXAEICIOF A P ENETF A VEBLHW
THEA LGS, 7AMRIRIEUNTSH S, 2B, ¥—F U7 7R TV OfEER
B & B VO SOMEEE Y RINTE 5,

EE, F—fTH, F72i, F-FINOREHEE, 35—V RERELRIET 570121
ON?) DT AP RETHY, tNVTVAHDEEDLVEHTOENL ZRIET 57201
ZON) DT R FDBLETH D43,

FERTFaA-FRADERPDEFLEETH L0, CNERIAETHT A M 2F2ET
I—-FORBIZATETFA LTI LN TESL, TIA-FEM2TITRTREEISNDT
AMTFRAIMTETHED, TOFAMBNT, R27HIRLEZ Q) & Q) D#FfER
B 2.6 (a) CRLIT—F YT FAMOHIZDIEETNTVWEDOT, ¥—F VI FAMNIT
I—-FITETAFBIToTNAS,

2.5 MEEOEOT AL

WEREET A MRS FVEREML, TORAREEBETLIIETTAIENS.
#oT, REOPDOT A MBI HRAOBER, HRICTFAIRZ PV ERDHB EW
S3FAMERICETALDTHY, ThETRELDHENI L INTV 00, KETIEH
BFA MECLD2HEERBOT A MERFHRICOVWTRRS,
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procedure Marching 1's and O's Test
/* Test procedure for cell array */

begin
for d = 0 to 1 do begin
fori=0to N-1
W) e (1)
fori=0to N-1
R, W(d),R; .......... 2
fori=N-1t00
R, W(d), R; ... (3)
end
end;
(a) Fikz
/N (2) R WT), R
o 11 |2 R P
1 1 0
0j0]oO 0
ojJoOo}oO 0
Vo EL___ ) 1
1 ! ' 1 '
’ N=nxn
N TTTINS N2 [NT | a2 a:Address of Cell
1 o 11010 b, b:Content of Cell
(3) R W(O), R )
(b)y BEFIE

H26 v—FLF7FXb

procedure Nair, Thatte and Abraham's Method
I* Test procedure for decoder */
begin
fori=0to N-1
W,(0);
fori=0to N-1

R, W(1);

fori=N-1to 0

R, W(0);

end;

F27 FO-40O7FX bFFEE
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DO REOEHREIT .

[E#%21] ERNOREOFELRXJTEINEALMEE TR MRS L EES,

[€#22] FAMZ M iSHZBEOBFCABICEMLET RIS bR VWE &,
FOHCESBERLATA MRS MVOEESET A FRYLEE.

[E#%23] EBRNICHEOEEIENRS L) B AT 5 & 2 EOEEL
(Fault Excitation) & FE.E. F7z, T & AHBEREEILI ALV,

[E#&24] BWEOLBELWEMEDSOEOINIMEIIIEZHEED I ELREBEDE
Dn# (Fault Effect Propagation) & I35,

[E3%25] HEOEBL{HRILLL0OKR, ARONBATMELXRET LI LEES
B IE 4L (Line Justification), ¥ 721, #5584k (Backward Trace) & [FE3.

n AJJ X =(x, %, 7, x) OHEEEBBOHNBEEE 0O & L, HAHHMEITL Y HIK
BHFEX) iZholee 35, BT A PELBVTE, f(XSOX) =1 2MET S AT X
PHEICHTIETFAMRSZ PVTH B,

COBRTAMY PVERDSZFRICE, NROREBEEREHVLI LI TEDL,
DIFEHEBEATKE (D &7 A MERICLERERMCTBEESEKIC % ) ZRMLATH
HTHD, PAETRBEBEEEL TN FESSEMASNR TS, 7, ERMLE
LTV,

T PRBERBEICETS 7T A VERFRICOWTHEMNT 5. BEEEILE TR, &

, EEROBEMES 0 T3 T KEESRIMBRELWNRE LTS, ERiEHEL
EORKREEIL, WEOFETAMNELOSNBRNET, HEOXBEL RS 2EHE
RKOZZETHE. COLE, WEOKEBLIZHEHL R L IEHER LTS, 205K
BfEid, RBEOBEL, KEOXBOER, BEROELILTHS.

(B122] HBEOTEAIIHEEMBICERR LR L TRE2EEREL, ChEH
R BATEEZRDZBETH A (W28 DFRAY). ThbH, 28 DEKICBNT,
FEBHRE SA-0 DRABTICHBBEC L RETIANELZRODDLI L THS, T/, Wk
DHEBOERE, BEOBHIICL o TRESNELAME DI TEBTE S L5 IF
AR L BN, 2ORBLOZT— G (=1,2,,n) DATMEEZRET HHBETD
5 (28 DFEIK(2). EHIT, FHROEL IR, FERIERLEDOES - G DASIC
RELIAEICR S L) ICEERONBANELRET 2BIETH 5 (K 2.8 DFHIR (3)).
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1) Fault excitation

(2) Fault Effect Propagation

(

3) Line justification

28 #REMLE

BBIEHALEOR R % 7 R | ERFHETHH D 70T XA L PODEM 7 )
AL Iz ONWTHBET 5.

[B123] B29IRTHBEHANCTD 7ATY)IAICL ST biﬁm:owféie%
T2, E5BeD 1 FiBHESA-1 2225, COMEEEELT B0 1k e DEAS0
KB E)BANEAMLATNRIERZLRWV., koTb=c=1,%5, HBELEELT
5 7:0DHFNEE DR ERIELIES. IEHER '1'(0), HER'0C1)E22E2EEDD) T
#FT. f=DTHAHIEPb—BMICf=g=D, i=D LRI 2. ORI, H5EZHD
BIZE ) —BRICHRESNLESROEL RO IBELETRIELITE, RiICKBEOZE
f=DA7— P G3OHDIERELEL/-DIZa=1E L, LoTj=DE% 5. HENEY
D &5t D #SEBHIHNGR I EE2ODHIEE D Fo4 T, OBk
BLUTHBEDORBOEREIT) L #DEHE V. AR, Y- FG6IXLTHD F -
5S4 TR L k=0, =D L%y, NEMDICREOEED HMERT 2. BREBICEEH
k DIESILEFT). DTVTY X ALEBVT, EEROELIIE—BEEL TG, 77—
FGSIEBWT, i=D & BoTVHEDT—HBECLY h=1L %5, ¥ -PGKD
WTH—BEEICL D d=0 &% 5. DEOBMENID e @ 1 H:BHEICHT 257 R F 2
Vi (x1,x2,x3,x4)=(1,1,1,0) £ LTKF 3.

(#124] PODEM 7NVITY XA LSBT A MERIZOWTHETS. D7ATY XA
TREEDZBOGHEIT > T LEFROELLEITY, NBATMEEZ KD TV DI
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x i G3 J
Q—B— e I
¢ | G G6 y
g | K

” d'ﬁi h G5

29 [OERRA 1

3L, PODEM 7 VT XA TRERABASICHELELU T, SERECTHBEOLEOGERE
9. DTATY XL EERKICE 29 ODETH e D 1 FHBIME SA-1 IOV TEX S, ¥
TDRERECL)b=c=1L%), EEBMHICLY f=g=D, i=D &% 5. f=D %
F—FGOENIEREEL1-DICa=1E%05, RIZF—FG6IZDOWTD FI4 7%
7). COLEk=0LTHRLENHD. LoT, BEHKICOERETHLDIIC, 5
MOELL 2T TR 5%\, PODEM 7V T X ATid, ABBICHIP> TIAR
DREBEEE, BELAAHANELEL TS L) BTEHRE AV CTESHROIE N
1), BHEHICLY d=0L%B. d=0 XDV TEERIELTVh=1E%0, k=0
L) BEMEAELND. $65T, DASEENICERLAOT (x1,x2,x3, x4) =(1, 1, 1,
QOAFFAIRY MRS,

[(BF26] EDEILRTA IR FVEERBICENLTD, ZORAOEEI%ELL, &
WIZX BT & WGBSl L R, F 7, SMiEoT LRI 1 HoKEY
REWBE & IR,

(#1251 H29DEIKIZBNT, £88e D1 FEBHEICHTETA MY PV (xl,
x2,x3,x4)=(1,1,1,0) 1%, 581, 1D 1HHEE, £5H0b, c, jOOMBHREL D7 X
FTE, $7, BUESRIZ1IETHED, ThODWEERITE RN, LoT, &
NODOMEIXe D 1 FBHEEL SMEETHZ. 512, ZOHD 1 EOWE, #21T,
e D 1 MBEHEIRERETH 2.

B, BREEETE, KBOEEOER, FE5ROELLOBRIELITI L&, v
OPDBTELSHFET 5. HERATEFTHEORERFEIELHE, —2>FHOER
HAREINOIDERBIR L ZThELES RV, COL) e Ny 7 by & LIEA,
Ny 2 by 7 PHBICRETDE T A MERBEFIEL 25720, EBEOFA KT
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i, N2 bS5y soRBUCEBEREDTEY, COLBEYRI/ZE X, FOHBEI
Y EHTAMEBEEPIET S,

RiZ, CMOS #HEAEEBKD MOS b5 ¥ VR ORMMBELRIET 570D 5 X +FiEE
KOWTEHET 5. BlMELIE, MOS F 7V VRS DF— FEECLLDLT, EICH
FYTVRINBA TR L HHETH L. TEMME CMOS 7' — ME, KI2.10 ZRT &
JIZpMOS P Y VAFEKE nMOS F I Y VRASEKE THEISh TV, FREFR
DORIBHEEIE, —FORBAD S Y IR & FEFICER SR TWIIE, BHFOR—AN
BERICEREIN P T VIR EWFNICERINTEY), BEVICHENICIGT 2 AT
5. Thbb, ABIEELRRE, EEOANIHLV,, 72, GND 55 HI~D
EL L~ OADEBERPHE SN, BAHREAERT, T2, '0L%b. B
BOFLEDT=D, HBAINIFLV,,, BEY, GND & & OMICEBREHITE SN
WA, Thbb, MEFNEELLINRALE, BOEN - A Y E—-F U RRBICR
5. COLE, MHOREFEE C OFEEICLY, N - A VE-F Y RRBICH HER
K C ACHBREBENIBEELRFT L. T4bL, RREBEDOFEICLY, 5 AN
L, MAECHEIEFREOEELTS. b, AWNESREC BREEE, ¥ AR,
FERELREPOE > T3,

VoD

pMOS Tr.
Logic

in —u +7 I Out

|_|nMOS Tr. L
Logic

;

GND GND

E210 SE£18#f CMOS & — b
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[€#%27] 1 EORBIKELRIET 272012, #EHELA 2 DDF X PRy PV <T,
T>DHMELBEETETA M 289 =V FRAM@® LR, /2, TD2ODF AN
ZENVDIL, E1OXY VT, EAPERS MV, E20X7 PVT, RTINS PV
1233

[E#%2.8] WY PV X257~ b OHIEZ FIHME L IEA.

2N =V FAMIBWT, WML P, RN PVEEIIIL - L RS —
FORDEIEERY - MO LERE Z AHEMEICHBILT 5. BN PVvid, KR
F—bDORIENL - A VE—FT I RARBIZL, 0, MEOKE, Thbb, WEMEX
7 FPVIC X o TR SN imBEE R A ER I T TERT 5.

[E#29] 5437  RFa—ROEEELR EOFECPPOLOT, FREBEDRK
BEEBIfFZ2TAM 20— NAMFRAMOD LIRS, $72, COLEDTA MRS}
WEO—)NRA P - FRAIRT MUVERES,

(#1261 K211@ D2AJNAND 7= FZOWVWTER S, TOF—+tHOZLT
VIR BERLBELREDORE L ORBER LK 211 (0) I2RT. COMHBT, &
D3 ODiE, N5V AS PA, PB, NA L NB, TN ENIHBIESHFLET H5E
DHIEERLTVD, ZIEZNS - AVE-F U ZARBEET. BIHPNAS -4V E-F
YARREL % D IBESSSRAEE L SNz L &, ThERIET A0, EERLERIEL T
BRbmBEZENESERINELR L. SO0, M2.11 () KR LZWHE<s +
VT ZEIL, FOCTRIENZ PVT, ZHML20THRIEE L%, T, ZEIMLz L &,
BT VIR PEELRHITR 211 (b) KRLZEEROBELY B L, FAREESFET
TR 2.11 (¢) DEREDHWI/RLIMEZ T 5. %3B, nMOS + 5T A% NA & NB
DEYic, FA—7—FATEFICERSNZ T Y VRS OB, F—07 A X
7 PVTRESNE VIR TE R WEKETH 5.

ERUAZESC, BBREEICHT 5289 -V F 2 M, BIBREDBEIELE BT
LEMBERACTERESRZEEEFALTRLDT, T, 220 T, NAIHFELTH L &,
NBATIMFTDIA IV - AF 2 —REAKBEDZDICT, & T, L O THRIELRRE
EAREL, AMEENICRESN T OEIRES T 2 FSES, T4bb, i
REHASATERL 22580 HNE5.
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VoD

EPA _| PB

A = NA

B I NB

GND GND

CL

(@) 2 A7 CMOSNAND 5 — b

c
Fault-free PA PB  NA,NB

B

1 1 p4 1 1
0 1 1 Y4 1
1 0 0 0 Y4

N|—= = ©

: High-Impedance State

(b) FIBMEFR

Faulty Tr.  Ti(A,B)  T2(A, B)

PB (1, 1) (1,0)

C
PA (1, 1) 0, 1) 0
0
NA, NB (0, ), (, 0) (1,1) 1

o ={0, 1}

€©) FRINT R

211 BEAMBMEEDT X bXT ML

21
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(81 2.7] 212 (@) DEBICOVT 2 88 — ¥ 7 X M BB L 7 BB EICONTE
2 THh%B. v, Y~ P G3HADPMOS + 7>V X% PF DREKKEICOVWTEZS (M
212(). 7A F<2 FIVE LT<T(A B,CD), T,A B,CD>=<0,10,1), (11,105
2RALET D, TIT, T, 206 T, \DANBEIfFbNL &, $43VF - A%a—
SEBBLED DY — } GZOANEHFANC L VBRTT— 5 BB LAk b, N
FT(A,B,C,D)=(1,, L) AFA MR PVOBBEICRET S, COTEFFVIR

A » 0_1 PFsopPF

Out

0" (1*) : High-Impedance 0 (1)
: suprious Logic Values

(@ 4 — higd

VoD

SOPF Tr.

PG

GND
by ¥Y—rFG3D 7T X8k

212 @2



#Fow FEEBOFI FOEXES 23

5 PG 2 EBEEDNT G OHMNREBMEIAEI 11232 D, T IX& o THRESIAH
AR EN S, HVTRERAN T, FEIMEN, G3OBBENA - 4 VE-F VIR
BIZTE, COLIHNREMEEINIVVRY PF FRETH LI 2205T T TH
D, T, FMROIEERY - MAOOHRELE—-TH 5. > T, 7A b <T, T>=<(,
1,0,1), (1,1,1,0> i3 } 5 ¥V X% PF DBBIKEDMRINIZEM T 2 ML SH 5.
CDEIREIAIVT AFa—REABBIEIZL B 23—V 7 A MOBENRES T
BTEFAMELT, B=NAFFAMFRESNATHS, &%, 0—7SA 7R MTR
LN —VTFAMDT, ET, LOET, NIVTHEMEP 1 THDTA MRS PUFHEHE
N5, %0212 @ PEBEHICB T, TA,B,CD)=(0,1,0,)DE X, T, k0
HEFE LT{(AB,C,D)} =((1,1,1,0),(1,1,0,0),(1,1,0,1)} H’H B4, TDHHL T(A,
B,C,D)=(1,1,0, ) ¥ BREZ L ICX YO =2} - FAIRZ P EBBI LI TES,

2.6 HEiL7 A b

CHRETHALTELTAMIICOENEELBRA L THEEZRIE TS0 TH o 7.
BET L, MBOBMNBIEICESVZTFAITH S, ZhiIxfL, &K, CMOS IC D
BIREM LA L ORI AT R T A L, 2@, I, 7 A FSRESR TS,
COFEEL LT, CMOS BRICEA: b 7 v YRy kg, BRiRE, 77— BkE
SIMEHRE, pnBEAEARL EOMBHRECRAPTELVWKESENL LS Lo TELE
EFTONSG, TNHOMBERL, ZORENT— MOKEHRE Z PP hwizd, |
M CHRRIAERELNRE LT X P TEZOREZRIET S 2. IEHE % CMOS IC
TIRAREESLEREICH S L SFHERMILALHAZVOIH L, WERELE
DT, ERLAKBEFEE LSS ECREERENERITNS £ W) Bz H 5,
COFBICER LT A M HEFERT A M ETH S, H213ICERT X MEOBK LR
$. CMOS IC D&EFEHAIZ DC 7 A PHEO—2THh2HHBER L L TERDP LT
NTETWS, LL, FETHRRZERT R MIEBEREDOADICT A P2 UV EH
mL, HFLADFAIRY FVICOVTEFMELEHITS L) HTDC TR b EREEY
(A 3/

B4 2.14 IZ7R L7z CMOS A ¥ /85— % R FlWTHERN L DC ML BBERICBIT2EHR L
IOWTHHAT S, MOS +F5 v U250 VI AR % pMOS + 5 T 2% LaMOS
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5

Circuit
Test Under
Vector (s) Test
,L ({ Iss)
GND

213 BRTX ME

Voo

pMOS

p CL
nMOS J;

GND

214 CMOS 1 >/1\—4%

FFYIRF LDV THECER 215 ITRT CMOS A Y N— 9 D DC ML B Lt
T&%. ZITL, (1,) X nMOS (PMOS) F IV YRASDFLA Y=V —ABHRTHY,
COBEL, A ER—TH B, $72, V_ (V) d nMOS pMOS) b 7 ¥ I X5 D L & Wi
BETHS. TEM#HH CMOSEBE T, DL T — MeTFOHMERE V, 45 H
BE(V, <V, <V -V D) iZH5s & 3RBNERSTHNLH, ANPREL TS LER
HERAMI L ALTRN W, 28, BRERICE, M2 ICRT LIy - RSy
FYTLAEREMRL LAMEEC LIS RHREBREWMI L5 5.
RIZRSHIT CMOS B0 EFHEREDOHRICOWTHBT 3.
[#128] [214D0EBOPMOS + T ¥ VR ¥ ICEBRRENSRE LB E 2 EL 5.



Fo®E ZAFEDOF X OBEKES

Vout A
ldsn ldsn (= -ldsp)
VoD |
Vin VoDo-|Vip|
] | [ 1 -
0 1/2VbD VoD Vip

X 2.15 CMOS 1 >/\—2® DC 5%

Vin
VoD
° 5 ‘ T'm:
L] t l
! (@) AHRE- |
Iop | I I
(ldsn) | ! !
| i
| | |
la ! !
0 o
i : ;ﬂ Time
! 7
I !
Vout A |' i i
Vob ' l '
|
|
0 —
Fault-free Faulty Time
(c) HARE

2.16 CMOS 1 >N~ 2DORERRDOBRRIER

25
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@mawolﬁ&@MLf&% ATIHGHEE 0 D & S REFERHE L FAkOEEEL T
, ANDHBE T O X pMOS 5 Y IR L nMOS b T YV RS LD ANE
, RELBOEN L AL @216 0). LoT, 01 LEHIIT 5 & THREER
HATREE 5. SCC, I 3HERCBT2EBERTHS. B, CMOS 7 — FHD
EFEHREASEIL L& &, FORDEERTHEEL 25 (M2.16(c). ZDEELEL,
BEEFEHEHEDHTEEL TS nMOS T TVRAS D4 VIEPifE L pMOS + 7 > D
AFZDEFENEDRIZL > TRES., BED CMOS 7¥'— FTiE, Y~ FOLEWEEEAH
12V, C, 22, L LYK, LTIRAEZECTHREE LTWA2D), CMOS 1~
N Z CEBRENRE, 0, BN YIRS DOF VIERSEEROZNEE—~TH
i, HAOBRERIZIZ12V,, &2, WEEL LTRAETHS. #oT, = MHD
WEMEIC X ) ORI AT ) BN T A P TR TR FATRTSH 5.
Dk, MOS b5V VR OEEHEERFIC L THBEOLBIZOWTHHA L7225, CMOS
BIEEPIC 2 A B D DOBBEDSRE LIRS, £ OBERELZBNERN; TN, T0HEEL
HMAZENTES.

2.7 #®FE

AETIR, ARLTLELTLIHEBREOT A MCET 5ERES, 77X PFRICoW
TilkR72, 7, HEEFL, BIU, FAVOFHAFEICEE TR M FEOGE L EHN
7218, AEVIIHTEINETAMCLD T A MFECOVWTHR, T, MEEREED
BRI T AREN LR T A MVERFEE P IV IVRY ORBIBEICHNT 57 A M HE
oA, Ebic, BT X MEOBEE F 5 Y YRS OREKEORRICOVT

IS AN



Y ivand e
3

59

AEYDMAART A B

AEVE, FIZEVT LA, Fa—4F, Gl - FAAOBIOHHE. KETE, h
SITRAETAHEENRE LIHAARAT A MCOWTEHRES. I, U7 LMoV T
B, FORBOPROEETHLEEZLNTWAENY — VKERELMRET S, AEY
DFAPTE, 7AMZ MOHINET— % OFBRARIC, BHRERZLVOREDTE
LI s 5. #oT, AEYDTAMIGHL - EALABEOEELICX > Tiibh
5. :
T, LI THETTIVOEREBRNEH IOV THENER, 328 TRETSAE
) OHABT A PARICDVTHRRS, 33HTE, BETET7AMARICELZFT A b,
Thbb, TAMFERIIICOVTHRSN, 3,45, 3.5 T, HHLEOHE, FA A
BIEIZOVWTENRENRRD. 3.6 HTIIERTA M ARADFHEL L, 3. 7HTHRENT L
DELT).

ARLTHRETEAE)IE, BEAENOELFT7 LA N=N2xN) T, 2D, 1Ev
M7 — FDSRAM TH 2 LIRET 5.

aule
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3.1 MEETFTNVERBESEH

BRI L 2 WHEMBR MBI L 2 OPPEETNVTH D, WEETIVIIET A LA
BOTBELANVIZELE, BEELANV, —FLRN, PSYIRY - LRLVTEZDLIE
FTEBH, ATV LTI, EOMELERLTFA L LAHFRA LBV, 22
TEHAE)OBEBELRVOMELEHT S, 1B, HEIE—-FEEKBEOAYEZ 5.

3.1 ICKBBLTELDAE)ETNVERT. ATV LNV T VA, 7a—F, GHL -
EAAOBICKIT B EHTES. '

Row Decoder Cell Array
o | P = —— ]
I
w » -
29 mi|g 5lm 3
S5 mEEl 38
2 RN T o
1< (o]
e _—
Read/Write Logic
AL L g
'l Data Read/Write
Data i - . !
: Buffer Logic ! !
"""""""""" 1 |
] [}
11 Column !
| 1
1] Decoder |18
] } 8
' ? |8
I m
| 1 £
1| Address |/ E
i [
|__Buffer |8

Column N : Memory Capacity
Address  m = log,N'""?

E31 XxEVEFI

3.1.1 BEETNV

A. VT L ADOEE
[E# 3.1] HELVOARED, MOLVOABTIZLPHLLT 0 HEWVIE 1 IZEE
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T B & L IVHEREEE (Cell Stuck-At Fault) & FEE.

[®#32] BEAHCHEGINTUE2@UEOELVIHEL, CRCE-oTRI S
TR % &5 S (Coupling Fault) & L5, EAHBEICIE, HEALTWABOELIVOHEDT:
OES SNz VORBEH LT % EHF5 S4B (Static Coupling Fault) &, &L T3
DEVD 0 (1) P51 (0) NDEALRBEICL DT I BBOLOFHEF SN EVD
HNEDE{L T % BIAYKS S 1B (Dynamic Coupling Fault) &£ 2% %. {EL, %) DLV OHNE
CEBRTH L.

[£3%33] DL, MOEBOLVONY -V ICE VBT LHEL /Y —
VA BE (Pattern-Sensitive Fault ) ¥ R, /3 F — VKFESBEIIRESSE L 203k
RIZEDRO IBHEOWBEICSTETES, BOLVDBHENY -V D7:OE{LT B/
¥ — KFF I BE (Static Pattern-Sensitive Fault), 50 1O LD '0' (1) 5 '1' (0) ~DE
RHBEICL BT BRBLERIO VDS — 2 L D720 BLT BEIM Y — VREEIR
B (Dynamic Patern-Sensitive Fault), fiD VDB B35 — VICHB ENEAABET LI
DABFDERZ D TELVER/NY — VKL (Transition Pattern-Sensitive Fault) T&
5.

ING — AR R L 2 RO E R E U TICE 2 5.

(£3%34] T7VLAHOHEED 1 MOLVEZEELV Base Cell), /3% — KFFIHRE
DHBEXTHLEREENVENY -V EEREOEBEG 25V EOERLABE L
(Neighboring Cell) LR, /2, EELVIALEERLVERWIRI OV 2 BEAEL
JV (Adjacent Neighboring Cell) & FE5,

KT, Y — EEREE, RhERCHFETERA LI YVEIZbDEEZ
LRTWBH@ND, F LT LA OBRLEFOBELERTLIILICLY, ThED
WEECEE LW D2 DRELBLILNTE S,

[MKs€ 3.1] AR T SRAM, Thbb, FHERIHLOXE) 2RELTVS
Pt LRME, SBBEANRECILREAIR, /Y — AR bRV b0k
5. 7, BEHEI2EOLVETLARIORZVIDET S, BEEBE LV ERE
EVOLETERAEOENVET D, 48, EEEVBIUVFDOLTEAORERE LV E
FhENB, W, X, Y, Z &I~ UTT5 (M32).

BB, H—EEEVANTIE, HEREE Y — KRR L Sl EETH 5.
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Base Cell

7 Adjacent
%4 Neighboring Cells

32 EFEtIL

B. Ta—-¥oigkE

EERTFTI-FEZOAN RN L ORIEHEEHFTH B, LoT, Fa—Foiedr
LMBEL LTRDOIDEEZ BT EHNTE D,

[E#35] Ta—-FOARSIOREHEEIHE L2V EETFTI—FIdEETHL L
VW, COWREER T O — 5 O (Decoder Fault) &L IEE. 72— FOEICIE, 7a—5
K7 FLVARZANLZZL &, EOvVH ERS k WERIRIEE (Non-Access Fault), $8%E
L7277 FLRERLZZT7 FLRAIKHIET 52V HEIN & 15 2B IRMBE (Incorrect Access
Fault), B DV HEERICRR X 15 S EBRIVWEE (Multiple-Access Fault) 753 5 .

WHET FLA LV OYERKHNE L DO5IE%2 KT AD 7 7 (Address Decoder Graph) ¢
#0 ZHANWTT I PEEREEONICE MEDBEDOEFNE 2R 33 IIRT. 205
7756, TIA-IPEELREEANDONEFERHTH Y, InSodmo L &
BTHHIedbhd. 8, SERREEIIRI@DOALIOMNELSHS % LS
KE—SETHEST, ERBREE, REREEVTIL—FEH D \WIIAA L FRICHF
EYHLERETDHE.

FO—-FOREORBEELHEICT 2720, Fa—F OB LW 2rDRE:
PBFicEz 5.

MRsE32] EEREENEETAHET FLRAERFa—FICAH L&, #ihsh
575302 TICEESNG DLET S, £/, LEEREEIEETLHS, ERA
ABAETRIBREINTRTOEVICERAAIMTDOAR, FiH LBETIHERS A TRT
DEVOHNED AND 2 OR DWTFNLTHNENEd DL TS, ANDIKESH»ORICHE
EPREFDAENVICEoTRELDDL TS, S51C, MBIRMESHEAT SIS, BA
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>

LA CL

=

(a) IE¥ (b) BRI

>
O
=

N

HA

>

CL

>
Q
=

A
hd

(c) BMBIRME (d) SERIRGMW

A :Address
CL : Cell Location
LA (HA) : Lowest (Highest) Address

X33 ADY3Z7

HBETRBRBICERAALE TS VICEELNR, G LBETRIRTE—ORESN
BhEhasadbold s,

C. #thl - ELAEBEOME

[E#36] HBLTDHLVORE, ERAT—FICEBRIC—EDET I TD
AL, EAAPTONLHEL G L - FA A DR (Read/Write Logic Stuck-
AtFault) £\ 9,

D. ZoOfbo * € ) HBHE KO HKE

A EVERBIE O Z MO FOEEE LTRODIDIEZ LIS,
() VATV TOBERRHRE

() 7= & AT M RIRE

B) T—¥/8v 77 DHE B
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4) L7275 OBER B

(5 7 FLABDOKBRIEE, MR

6) 7 FLRNY 77 OfEEHEE, kb

CNODWEIFLLT VA, Fa—¥, Gl - ERARBOVS R, OHE L FHliTDH
5. &oT, UT, ABXTRINLGENT LA, Fa—¥, Gl - ERARBOHKE
BRHEDORIZDONVTEZ LI LIZT A,

3.1.2 BRESEH

AEY) DRBORBFHELUTICER 5.

(MfE 3.1] HEEOEMIHL O LT FAThOERR, 5ith LT EEVEHR
R, L - EAAERGEEREARIETE 5.

(W32 ®ELTV22200kNC, CHT, COEROHEFIINNL, COLN
DNELEBRZ 2%, COABRERETIE THERBELRINTE 5.

(#583.3] HEEVOEEONFIINL, TOBREREELIVOEED/ Y —Vilon
TIHEOENVORELERZ 2%, BEREVOT— 5 25T I & THI/Y — VIKERK
B, BNy — EKIFBELRIBTE B,

(ME34] BEIBLVICHEEDNY - 2EY Tk, BEEVONTEERZ,
BUREEVOTFT- 5 2HBTIETBBNY — Y KFHRELRIETE 2.

[#& 3.5 'GU)@%&L,TﬂD@%ﬁ&%T&TD%ETFVZﬁowTﬁi
EFa— VOB ERETE S,

[E83.1] #HE31~351, ATVOREERIET 00 +5%&4TH5.

(GEH)) e FOREL ) EHETHS. (REBE#)

BB, WEREEGED»D RS, BT LA ORBEOLESERIIN4D LS CET
ZENTESL, HL, BEHECIOVWTE, EWEIRLRZAELVICEBTIEED 2D
EUVHHEI2AWMETHIDNDELTHLTYS, W34 L0, BN Y —VKEREE:
BT — KL 2RETENT, ERLAEVT LADOTRTOBELRIBETE
LI ENbdB. LoT, ENTLADFA LT, BINY — > KIEHE L BB Sy —
VKRR L AR E LT AMIOWTEZ B,



HI® ATYDHAAFZ 33

— Faults
SPSF._ DCF
TPSF SCF
CSAF CSAF

U

CSAF : Cell Stuck-At Fault

SCF : Static Coupling Fault

DCF : Dynamic Coupling Fault

SPSF : Static Pattern-Sensitive Fault
DPSF : Dynamic Pattern-Sensitive Fault
TPSF : Transition Pattern-Sensitive Fauit

34 ti7LLOHMOIEREER

3.2 FAMAR

3.2.1 AT LA

ERLXTHWELENVTLADTRA FOEAREZICOWTHET S, H351v7VA4
DREBARRER % /RS .

O AT OBECOWTHEHT S, 2EVIfTFT FLAZANTE L, f773—¥
REOIETH1ERDT — FEFIBIREND, CDLE, ZOT7—-FREDTRTOEN
BT DM L, BAAFWERLIRBERL, RIS, IT FVAZANT L LHIFTI—
¥, 2L F LI TEH1IEDOE Y MEFREIR SN, ChERIERI AT - FR
EDORBICH DM LTERICT - DL, ERAATbIS,

PEOZEd,s, 77— FEEPIRERLTBVRET, A T7LALEL7 5 LD
DITRTOEy MRS LEETFT-F0HRHBL, EAAETHI LT, 1 X007 — FRLE
DFTRTCDENVDT—5 % —FIH/) T TEDL. Thbb, 1¥Y MI—-FOXEY
BV, BF 10ORE LEE EAABETIIEOLVLLT 7 EATELRZVOR
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MU, EROLIZTAMAREAVSZ LT 1 HOHRET 1 7 FREDTRTOL
W, BIZIE, EFT VA TENEOLNVEFRRICT 2 EATES LIRS, o,
FAMNEEEZ KBRS ELEI LA TED.

W, AEUTHT FLR - X2 5V TV#FbRT0s. Thbb, 73— F DA
H7 FLREZDT FLAR Lo TEIRENZLNVDENLT LA ETOYHRNNE & DOxt
EPEABAITHS. 0T, VT VAR FI-FLRZEHHLTT X MY BT
FTA-FEEVWTUVA ORIV T M IVRYEHAR, TTFa—-FOrbhizhT

7 — FROBREIT

Bit Lines
R P
s{Cell] »{Cell] [----#{Cell] [----
N i = ;
5 31  #cen] sHcei] |----sqcell] }|---- £
© [0 5
< =10 3
2 2 - - ) - - ' 5
I 5 ool IR £ ol
—>—
I—ICeII| T—l Cell] |----sCell
Data ~a3={ Selector ]
| Column Decoder 1

;

Column Address
35 twIL7L1OMKEEE
¥72, AT, 7AMS PVPRELLBETHL-ORET— b BALEICE

D, MAHRTAPMIEAHTHS., LoT, KFXTIXIY /N2 FFR P2, A
N=FY 27 BEDOBIEEPS
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B, EVFLADFAMOFHLEHEICT 5720, VT LAICIRE36IRTED
A EEm@n=1,2, - ,N?) L5FEFS cn(en=1,2,-, N®) 2D TEHEZ S, FRizZ b
S5RVRY, FTENDBEFRET @) HACHABICZ>TnEDLT S,

.......

rn : Row Number
cn : Column Number

H36 fT&S, JNESORMYT

3.2.2 Fa—%, Gl - EAAEKE

FIA-FhFRA T HIIEEHEIS TRLAEZLI AT LA L oMe & TH S
PELERANITL, L2L, COFFFAMEEFLAZOTIET X FHEBATKE |
b, {EoT, KFXTRTI-FICHET FLAZANL, FOLEBRLAT7— Fil
B0y MEECHEEVII LTS OHRB L, EAARETVWTAMT S, T4
bt, Fa—FDOADEHBDLoEE, FI—F~ANTHRET FLALEDLEE
WENDL LN LDOMIBCEZRLFA VTS, T7FIa—FEFFa—-FidA4ic7 AL,
—HETAMTHEE, TRIZBRAY Y F X DIERRET FLAZENL, A ICE—E
DHBT FLAZEIT 5.

FI-FDTAMOE, LVIExTE7—-50RML, EAACEFE L - HFAAEK
PHW, ChAFEBRCTFA NS, B, TOLEHEB L - B3R5 BIRHE RS ERR
R & Sl iRE L L TRIBE RS,

/2, FA—FOFAMIBOTHILVTLADTFALRAMFICTIZ N2 P FAMEH
v, BOETF— 5 OHEEBRHITT S,
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3.3 T X MR

3.3.1 V7 LADFTAFRY

3445, BIA/ NS — VARFIRRE, BRNY - VIKFRBOREENE, Thbh, #
33, 34XWMETNIETRTONY - VKFRELRETE 5. £/, BRI 260
EVHORHEEWMBEDO A ExIRE LGS, HEESE, LWL 2L &) ITKEHEIL vy —
R L SRR 2 5.

A. THfE

MOIZ, BFAMHREBANTNY — VEKFRBEERE T 27201015 % 7 A +RY$
DEBE AR, FlH LBEROTRELXS52 5. 1 HOEELVHDOL LV K,
1RSS5 1 HOEELVORERE VDL, VT LA DITEN m DFEEIZoVnTE
25, BB, KRBT, Ny —VEEHRE, BIU, XEJORELD k=5,
I=3, m=N"2T»5%.

(#/E3.6] 1HEOEHEEMIHL, TTONY — KIFREEBE{LT 57201213
kK2XDFRMRZ PVEENTRETATH 5.

GEBH)  BIRNS — ARFERBE & BRSNS — VR L TTRTONY — VKFE
ARBTELI 00, BN — VEREFREDRE L BB Y — VKT L ORE
T TR T 5.

(1) BYNS — MEGTFHBEDSRE . BELEAELT27-00BBERAL 2T 51N
BEBAEEVTHY, ZOHEENVIOPL T E TR0 LD 2EBYOTF—- 5 EBY
fTbRiITNTE S v, BELVEBBERRET) EVISO LV EIZk-2TH Y, &
NOEDENDTRTCOUFERINY — Y DHETORIT 22 TH D, T2, HELVIZO &
T ED 2HEEFED. LoT, CORBELYBEAEMT L7201+ % T A MRy VB
2k-1)2%22 = k-1 TH 5.

(2) BRNY —VEKHEREDORE: k1EOBKEHZELVOTXTCOUEERNF—VD
HETOEE 2 THE. TOHFNF—VIIHL, BEELVZIOLL T ETHL0ED
2ENVDTF-IBBETLRINIRORV, LoT, TOREELELALT L -0I1IC+4
BFAMRZ VB 22=2TH5.



E3BE ATYDHRAATZ P 37

BE@, @ &9, 1 5EEVEY) ONY — KRR Z BAELT 5720121 (k-1)24+2F
=k-2DF A MR FVEREIITHRIETSTHS. (FEFA#)

(M 37] TRTONY— VEFRELBEAT 572010, 1EOLVEY 2¢ [
DEBEAIBEEZTZETHTHS.

GEH) VT LAROEDEVIEELVBITBRBEELVICRLIENTE
5. ¥, BEEBLVAOEEOLVZOLASLT ETRL0 LD 2EB) DEREfTD
ZnERbhv. chicxl, FABEEVHOR) Ok-1BOEMITRTOINEEL /Y
YF—VOMERRELRITNELRLRV., €oTC, 1fHDENVKY) 2.2 =X FDT—¥%
BRI+ THA. (FEH#)

[EH3.2] FTRTONY ~VRFHREL BT 572032 BB EAABRERI
1'2*mTH5.

GE®) #E37 &Y, 10V YY) 2EOBBEAAET2IETHTHL. KT
A MARTHE, 1 HOEAABRETI1THOTRTOLNVDOT— 5 BREITZ 575, HEE
MG, ME33, 34 &0, NF—UERERETEENLT S0, At
TR 1IEDELVOADT— 5 BELZITOLTRER LW, 2O 1fTRIICFE—EEE
NVAD IBDEVIELET DS, TOEELVISHL, EEOF—7BBD L VIINy —
VEIMTEAT) 20123, | EHBREAABRELEES2TNEE 2w, T2, vV T L
A DFTHIE m TH5E. #oT, §XTONY — VKFFEHRE R AL T 2720121 1 2'm
BOBBERAEFTZETGTH 5. (REB#)

[E#33] FTRTONY—VEFRELRET 57205725 LRI K- 25m
Thb.

(GEHH) #ifE36 X0, 1HOEELNV L) k-22DFT A PR FVEEIIITHIE+5
Thb. EVTLVARADTRTOENVIZEREMIRLI ENTE, T2, KFAMAR
T, A—ITHOITRTOEVOF— 7 i1 BAoHEE LBETHRBRT I LA5TE S, F—
THROZEENVERELN ETDEEEVICK-2DOFA MRS MUVEEHIIIL, Z#hEhoT
AMRZ PR LEREVD TS OFH LET) T ETINLDAEFELVDTTD
Ny —VERIFRELRINTE 5. $2bb, BT oy _XTOEELVET
AFTED. T72, AT ULADITEIEIMm TH S, o T, TRTDONY — KT IHEER
B 57290123 k- 2-m BIOFH LEBEE T 2135 TH 5. (REBE#)
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[R31] XEVEHTEFANRIS, [2m OOBBREALBIEL K-2m HD
G LBEREATOIITRTONNY — VIRERBEZRIETE 5.

B. 7AMNFEKZ

VT VA EANOEELVOEFITER3TIRT. ChZERELV, BELELLE
AT VA EICEZELTWRWeD, FEOREVINEICERERLLV, BEREELLVWTRIC
TORBHILATEL, ZDD, FA—DTFAMNEREATEED L VPEEL IV, B
EBEEVNTRICTHILRVBIOTTAMNFRELBWRICTHILNTELEEZLRL
5.

O 1]
A P [
) i i i | =
AL Bt
i

X 3.7 EFELILORTH

EBHXTHVWLTFAMFRATR—EIR 1 7T- FBEOIRTOEVDOFT— 5 2Kz 5
B, N —VEEHBED T A MCBWTIRE-EEELVAHAD Y, B, Z £S5V FITER
TBERELVOITRTIR 1 EHOFAARETT - 2 HYBTHI EETERW. o
T, W, XETRWARHTSNIZBEREEVOT— 5 2 BR IS XOFWN Y — VK
HHRBELARBT AT AMNERE L, Y, B, ZOF— 5 2 BB I L SOFH/ Y — V4K
HEBLUBB Y — VKRB LR T 5 7 A PR E L IO TNy — IR
DFAMET).
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B-1. W, XDO7F— BRI TSHT A}

5 A FEFE CAWX-T 438 IRY. COFERE T, UOIC1/TBECW, XIZ
BT BTNV EMEEL, KRICY, B, ZIZxET 208 Lo/ fTIC3EY T -
ATV PLOEEELTES, W, XITHETETOT—7 2B IE, W, XDT7T—%
BRI L 2B — VRFRBOBELEZT Y, AT A P FEANCEELLZY, B, Z
AT 20 F— 5 25T, COLE W OF— ¥y BERICLDEIN/ Y - VRFFRE
PRMHETE5. B, Y, B, ZIHIGTAfT0o7F— 7 (25l L, XOTF—4BRICLAE)
B85 — VEERBEICOWTT AL T5. BBTHT7T—F 2RMHTHHODICL, AKD
BELRIT). $72, FAMAMEHICL, Thbb, W, XHTT— BRIV E
RBLEBICTFA LTS, DLOBREEZ AT VEPLOTRTOMIME, $4bb, Y,
B, Z DTRTODF—FICOVTITH. ST, 3V b - AV IDLDTRTDIER
Y, B, ZIZST BTICESTH E, COTOEEOER L35, kbbb, O
ERELVIHIEEDOEELVOY, B, ZIZiX, SBEYDONNF—UPFLBTH R LI
%A, W, XtY, B, ZEDOWATE CH L AIOBMELBES. 2B, HHRVIOT—
SHBMERZBITHDI, AV VFCE3EY L - TV AT-F - A9 V5 2FVD,

B-2. Y, B, ZOT7T— ¥V BRBINTAHT X}

F—EELVADY, B, ZFTXTIZ 1 BOEALBETT -y 2EU4TH Ny -~
WEBEDOTEE/LLITA V. EoT, ADLEFE—EELVHICHS Y, B, ZDFT—%
BRI OWTHRRD,

W, EEF3IHO2ERTF AR TH), NIV THENF 1 THLEED 2HD
ERX, X, BT, X 05 XN X 0L X NORLZUVHFHET 2EMT 7 7%%
25 39@). COFI7BNT, HARY, B, ZONY -2, BRIEOT—%
BRIHICT 5. FEACBWT, ARBEBRBEFTELVOTIDS T 712344
T—BBEPHELEL, ThlB->TTF— s BBETXEIREL T/ BRERALARIIL &
5. ZDFAAT5-REORESE3Ix2=24ThY, ThIFEELT -5 ERELAARIIE
Ehb. KR, FORBEROITLILELEHME L TWERWDT, I TidHayes 2°
HAWTWEHE® A 5B EER TS, COF A F—FHEP £/ 39 () i&

R



40 FE3E AFEYDOMAZTZ}

procedure CA-WX-T
/* Test procedure for celis W and X */
begin
a=0,b=1;
c=1,d=N'?
count = 0;
fori =0 to 1 do begin
for rn = ¢ to d do begin
ifrn_,,=athen
W, (0);
end
repeat
for rn = ¢ to d do begin
ifr_,,=>bthen
W_(count),
end
for j = 0 to 1 do begin
fork = 0 to 1 do begin
for rn = c to d do begin
ifrn_,,=athen
W
else
R,
end
for rn = c to d do begin
ifm_,,=>bthen
R,
end
end
interchanging ¢ and d;
end
count += 1;
until count =7
interchanging a and b;
end
end;

W, (b) : Write data b into cells with row number a

W, : Write complement data of content into cells
with row number ¢

38 FXhF#HEZ CAWXT
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(@ F—228B757

I=1,2,0 . .
000 101 011
001 Wo 001 W 001 W
011 We 000 Wo 101 Wi
010 Wo 100 W 191 We
110 W 110 We 110 Wo
111 Wo 010 W 100 W
101 W 011 Wo ooo W
100 Wo 111 W 010 W2

I Wo LW1 000W2

(b) 1 7—8EP

39 Y,B,ZOTF—42BBIS7LEDF15—BR

7 A FFHE CA-YBZ-T & 208L 39— L 2 FNERE 3.10 (), K 3.10 () &
RY. COFHEEXTIE, MDIC1TBEKRY, B, Z ZHET2F0evxatL, Xk
WKZhERLZDE W, X IKHIET 27107 — 4 INITWX 2814 T35, Y, B, ZZAiET 5
FTOT—% %X 39 (b) DEBIB-o>TER Y, TOFTOTF— 5 25MT. CoLd,
T BT o FNICER V3D B0 H LV TIIBB Y — VIRFRBESL, Zhbst
DEFELNVTIRY HDVIRZOT— 5 BRICIDEINY - VIRERELRINTE 5.
COBERY, B, ZOEEOT— 5 BRISHLTIT). W, XICHET 2TOEED T —
Y BRI OWTEMICEE T, PLEOBREL W, X L Y, B, Z LOXRIT23H LEK
WZEGE T, 2B, F—fTHANOT -y DERARL2ITBE TS,
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procedure CA-YBZ-T
/* Test procedure forcells Y, Band Z */
begin
a=0,b=1;
fori =0 to 1 do begin
for rn = 1 to N2 do begin
ifr__,,=athen

W (0);
end
repeat
for rn = 1 to N2 do begin
itm_,=0bthen
W_(INITWX);
end
repeat
for m = 1to N'2 do begin

ifrn_,,=athen

Wrn,i’ rn;
end
until assign all patterns along the Eulerian path EP
until assign all INITWX
interchanging a and b;
end
end;

Wa.b : Write data into cells with row number a
and column number cn__,. =b, (b ={0,1,2})

(8 X FFE#EE CA-YBZ-T

m=1 0110
(2) 0011
0110

m=N"21 0011
(N1/2)

(b)y #IRR{E/¥2 — > INITWX

3.10 F#tZ CA-YBZT
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3.3.2 Fa—4%, ZilL - EAAEBICHET ST A RS

32 2HTBRALICTFTI-FIOFAMRRET FLAEZTI-FICATL, FDL
EBRULIZEVIH LTS OFM L, FRAAETVETTSH. 7R FFHE D-T 2
3ALIRT. AORXFTFTI-FDOFAL, RXECHIFI—-FDTFA M), %8B, EV7
VA BEERBE, TI-FVDFA M5V TLADT A MIBIHBHCTHFRAIETRTOL
VE0PTICRoTWABIZTTHY, T7I—FDFAPIBWTHRIZEVT LA 2 0H]

AT BB E .

procedure D-T
* Test procedure for decoder and read/write logic */
begin

fori=0to1 do begin
column address = a;
for ra=0 to N1
R We
end
for j = 0 to 1 do begin
row address = b;
for ca = 0 to N'2-1
R. W,
end
end;

ra’

a, b : any Logic Address (0 < a, b <N'2-1)
E311 FXMF#EED-T

3.4 MRV OERE

3.4.1 VT VLADT— % EH
[€#3.7] 4£46S, S, S, 2RD L) CEHT 5.

S,={cnlen_,,=1) 3.1
S,={cnlen_,,=2) (3.2)

S,={cnlecn_,,=0) 3.3)
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zT,

0: Nn:’:s =0
IS, I=(N"%-N 2 )/3+i, i= (3.4)
md 1:N12 %0
mod 3
0: Nm‘:jg =2
IS21=(N"- N 12 )/3+j, j= (3.5)
1:N®2 £2
mod3
Az
1Sol =(N'"-N 12 3 (3.6)

THabH, L, cnZFIBFT %, ISIIZESSOEXRB L ET.
[E%%38] 0, THb%LENN, BEXHFmTHLHIRFILR L35,

I'nrxy I'mi
Ti2f2 - T
R=T12 22: m2

IT'inf2a I'm

7z, Ho ¥y MEOTFT—S DYy MIBE3 2L THRKICHEL, TRATHRER,
R, R &T5. R ~RDOEnEY FOT7T— 5 ORER, REMEEL LRIk TH
FNHP ~P, Q~Q &T5.

t_ 1 1_ 1
P'=plp---p, Q =q] q ---q,
l>2=p2 p2---p2 Q2=q2 qz...q2

1 2 m 1 2 m
P°=p° p° ...p° Q°=q° q° ...q°
1 T2 m 1 12 m
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P! =A T q} =j1=\lfi‘,- Tij = {fij | jmoaz = 1)
k42 W2 _ )

P} =AT; 9t =AT Ty = (151 jroas =2}
3k 3k __ .

Pl = AT q} = AT 1= {1 | jmoas = 0}

TH%. HL, k=(-n_,)3.
T72, R, ~R ENETHOEED1 ¥y bDORFIET, T, T, kL, TONYTF1%ES
ZRFET ET 5.

T=T1 ®T2®T0=tl t2eectaveetoacee toual) coe tpsoes Lobpiere Lovby

v
rv
o

L=t!@2@®t0,  th"e {rjljmas=h}

FFIR, TZRZNICHLC, C, 7% HEMEBEEET 5.

CiR)=Z (@ a2 q)® G 12-10) f@! =p? =p°)

1

~

+E@Tq* q)®@ 12-10)- f@! #p? =p°)

~

+§1(((qli'ri~q‘i’)®(r‘i~q?-r‘i’))-f(p2i #pl =p?))

+Z(@ a1 ®C 12-¢°) f@° #p! =p?)) 3.7

pte P*, (h=1,2,0).
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u 2a(f1pa 2.(,1»2; _ v 2b(k1)+b+l 2b(k- 1)+2b+1
Ca(D) = T «—Za(zr:lm t ( 2.01»«.»1 W) + El «1 2b(k 1)1 t‘) (1 =2b(k- 1)+|»»1 t)) 3.8)

BL, AMIRERRERS, + TEENEERS, (QENROREFEOL X1, BO
EXQODEL LAET, 1=2ua, m=2vbtl (a, b IEEDOER) Th5.

MR C &, RFIR ~R ERENDONT LN - F—F o' = (1,1 ,,=1), P= (1]
a3 =2 =1 1,0, =0) P 1EATY R 2562 MBI OBFETRS N 4BHOGE
KT TEET BB THS. I, ERERC, T, ~T, 0N F4%LD), To
V74 %L o7RFTIxL, 2a-1)+1<i<2a-1)+a, 2b(k-1)+b+i+1 <i<2bk-1)+2b+ D
EE T OWMBEEEL, 2a(-1)+a+l <i<2a(-1)4+2a, 2bk-1)++1<i<2bk-1)+b+ D & X 'O’
DEBELIHBT2EBETH 5.

[EH34] LU TVADPEELRHEICTFHE CAWX-T, CA-YBZT R HVWTHER
%8, S, S,ENThONT LIVHEEMEKC, C, TEMLALLT S, CDLEC,
C,ILE D ThEMOBIRFI LK TE B,

GEHH) EELZHELRLZIBPRINICBNT, EMER C, OEMESPRELS
LLZBDIXS, S, S,HDTRTDF—FHBRELILEDHTHS. LIL, DL
ENYFAREELBE LR > TBYEMER C, KL VDB DRI ERXIITE B,
i, FERRREN C, DEAMEAMRIEL % L 2 201 2 MO 7 — 5 SRIELZ: L 5 Th
575, 0k ZEMBEEC OEMEHRELRR > TB VOB DRFIEXFTE 5.
Thbb, EERBELELDHARFICENT, EMEKC, C, L dICEDEMHEI Y
FEE L {25 &) RIDRFNISHFE LRV, (REBA#)

[E&3.5) /98— VKFFHBEEFR & CA-WX-T, CA-YBZ-T L E®BMC, C, ik
DBRINTTRETH 5.

(FEHH)  FH X CA-WX-T, CA-YBZT i3/%% — VKB A RN T 5 7- 0 D4k,
B33, 34RWEL TS, FEH34 L VERBKC, C,IEFHRECAWX-T, CA-
YBZ-TE HWTH LN BRI ZMORF LK TE 5. (FEBA#)

[(%32] /79— VKRB L, BVT L1 I3RS CA-WX-T, CA-YBZT &[E
WHEEC, C,CLYTAIAETHY), TRAZLIDOT A FRFIRID 105N2, 197N TdH
5, INLDT A OBBEAXRER, Filh LRERIIENREFN 128N, 160N2 T
5. WIIRFIZEMEEC, C, TEMLALE, PREIZEAETNRO, 0THS.
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3.4.2 Fa—%, HHL - BAARKOT — ¥ EHE
[€3%39] 0, 125 5EEmORHNLU LTS,

U=Uj Uz UaUgp---U2aee- tm

IORFUK L, ERERKC, EUTICEET 5.

u  2aGDa 25142
CsU) = 2 (300 T (3, 1D (3.9)

HL, v 3R UDIFEHOT-F&ERL, I, m=va@RIETDOEH) TH5.

JEMRRE%K C, 1 2aG-1)+1 < i< 2a(-1)+a D& X 0 DEMEETKL, 2a(-1)+a+l <i<
2a(-1)+2a DL & 'V DEB LT 2HEBTH 5.

[€H36] FHEDTErAVTELNLIENRFIU L EMBERC, TEELLE,
UG ICL VDRI EXBITE S,

GEHH) FHEEDTICIZHNRFEEHREEC, OEHERLVEHATH .

(FEH#)

[E#37] TFTa-FoORBEEHEE L - FRHOEARKE & 3 FHS D-T L ERE
HC, I VRINTETS 2.

GEHH) EH36 LD, FHi DT EHWTHELNLHIRY UEMERC, IC L
DIEDRFIEXHTE S, T/, TOFHIITI—-FOME, HbL - FAANKEHER
WBE BRI 2720 D&M, #HE3.1, 352EREL TS, o, FHE DT LEHHE
BC,ITINTFTa—y Ok, FBL - EAAOBHREEIRBTETH .

(GEHE#)

[(R33] 7a-YolRE, FibL - EAXDBRMEEREICYL, Fa-4, &L -
FRAALEEIET A P FHE D-T L EMBBC, KLY TALTETH ), 72 FRFIRR
SN2 THhh. IR L EMBEBC, CHEML L SOMFEIROTHS.
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1S1]

/

%

|Se]

5

from All Bit Lines

%

|Sol

Signal

Selector

P
-

s
Qg
vy

Control _ 3

Signals Error Signal : 1 = Faulty
0 = Fault-free

(a) E#ERA% Cq

BL1
- - |
BLo } b Error
, Signal

Control
Signal BL : Bit Line
BL1 e S1,Bl2e S2,Bloe So
(b) HEHMERIE C2

312 REHERIMDERSGI
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3.5 F A MAHEBEK

3.5.1 V7 LAD57FAANBR

AFRTRITTI—F2EHSTICEATLAOT R L2175 7280, 7— FREROE
BYPLEERSE, TAMEREPODLPB LHIC, 77X MEAHFRAT, BEITI L XTHS
DHRME, BHTIToTwa., IhEERTIHICE, T7I-FELVT LA EDRIC
N2 BEOEAY 7 ViR Y 7 VLIRS 2 ALETHS. L, 2OV 7 MLY
AZ BENENEGEAT, BEATICERT 5.

FHE CA-WX-T & CA-YBZT L OFERAT—YE3Ev + - FLAa=-F - Ao ¥
THERTES. COMICT X MEEROHEESL LT, BHL - FAHMES, Y74
MRS, BAAFIGEES, EREBURIETR EILETHS. 7A FFni
EN2R HHVIEN2 DRFIOBE LPERELoTEY, logN22) ¥y b 2#EHY >
YERAVDRILTINLDEFEERTE 3.

FEFEEC, C, &7 — P TROMRICERLFIZENTNE312(), H3.120)I,
TN TVLADT A MRHBKROTO Yy 7 K%M 313 ICRT.

N2} Memory
—~#1  Cell

Array

Shift
Register

11S1| 1|S2} 4{So|

=
Test Vector
Generator

Go/No Go

Controller

Test Mode

313 wIT7LL1DFX FNORIKRIBR
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3.5.2 Fa—%, ML - EAAOKO T A+ HEK
FAMDTIfAFaA—-F LTI F e 2B{LIZTFA MY S, —F2TAMTHLE,
CHIIIIHET FLALRETEHML, B ICE—E0mET FLAZHMT 5. EAF7
VADBE, f17a—4%, IFa—-FEb T FLARIIN2 THHOT, FANETHINT
BT FLA1ogN2Ey b 2T Y5 TERTES, T, —EDORET FL A
ELTIREEFROIBS 202N~ 2 VS, SOT7 FLARTRTOT FLAHEE
JERICERT AL TERTES. AT VRN E—ERAT FLAL ORI VT
TLIHTIT)., ERATF—FR1EO7 )y 7 70y TTERAETH 5.
ZOMICF A MHRBOHBEES L LT, BiliL - FAMES, T F T L H o
ZEEREFPLETHS. 7AIFHEE DTN ORFIOEEL THEDT, log NV
Ey b 2EHT VLD INLDEFTEERTE S,

FERREC, EM 34 ORI TERATES., FI-4, RIBL - FRAEREDOF R +H
BIgD 7oy 7 K%K 3.15 IZ7R7.

3.6 &Pl

3.6.1 7 X Mgk

FHE CA-WX-T, CA-YBZT TRINTRELZLNVT L A DHEBREUTOLDTH 5.
(1) 3% — RFFigRE

(2) HEBHRE

3 BEEtVETOKSHE

@ FEATCBT 2LV EBETICBRT AN E OMDOKEERE

(5) 3%HLLTIHWICERLLZERBOTNICET 5 L VR OKEHE

©) EEOEIVHETOBNREEEED—

FHtE D-T TRUETELZEERUTOLDOTHS.

(7 TIaA—FDTXTOHE

8) L - FAALEBOHEE

7, TV Ta—F, GHRL - ERAAABLOTAMIHMIL TV LD
LOMOLEHRBIITLTHTAMTETHS.
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from
Data Line D—
Error

Signal
Control
Signal
X 3.14 [T#ERIH C3 DERH
m N2
- MUX Row | to Word Lines
@ S Decoder
o ®
5 o4
< § m [ Column |N"?
?MUXI—»‘» Decoder ~» {0 Bit Lines
Test Vector > Read/Write to/from
Generator Logic Data line
Controller

Test Mode Go/No Go m = log,N"?

315 Fa—4, BHL - BAAEBRO T X FOEIRER

3.6.2 7 A M

KB LTREL NS — VEFRELRIE T 57 X P FH & CA-WX-T & CA-YBZ-TZ
BT AFRYIEIIX 302N2 THD. TOF R FRFITIE, 128N72 HOBBEAA L
160N Bl D L& To TV 5, R 3.1 &HE L T3N? AEBEAABIENL WIHER
BT A PRV otz $/z, FHREDTIRLIBTAMRIIRIZN?2 THS., *EY
EERDT A MI3ION2 DOF X FRFITTF A METHD, ONPDH DT A PTHS. TA
MERRIZ T R P RFIRICHBITEOT, ON) ODF A FEHBELTHHELPICEARNDOT
A MRERPENZ LA R D, IO FA P e LT A FRYIED KB Y K 3.16 (ISR
T, H316IRLAETFAMDI L, RKRXOT R b LIZITH LV BRI B % 3D Suk
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L Reddy H5DF R F 00 LT, FAMERIZIMEY FT1/530, 4M € v } T 1/1060
ERYKIBICHEBESIN TS,

KHLTREFT LA 2FEOXEY RRE LA, VT LA DFIEIITRE D E VA
EYEHLTRESICHETT A MIFTZ 5.

10'®
N\ —

_ \ANZ'\'_Z -
g g a“ - -
: G \\09“}9/
[} - | Ll
] S e
@ 10 V_ Test Y
g 107F 0" —-—
% S“\‘.‘ed'/'/ /.-'\'es\ \160‘“ ——————
(o] _/_/'/ ﬂd ReddY§ _______
§ [ et
£ | -
=3
pd

12
Proposed Test (310N"%)
10*

1
64K iM 4M
Number of Bits [bits]

3.16 FX FRFIEDHK

3.6.3 ffmN—Fovz2T7E

FRAVERKEY—F, 7V - 70y TTHRLZEEYEXS. EVTLADTF
AFNTENZ22BEOY 7 VYRS 2, 73—, @B L - FAARKOF A Tik
logN2 ¥y k2EHY 5 118, 2ogN"? A log N2 A NVF T LIS FUETHS.
$7o, EMEBICH N - b, SEEEC ogN?2) €y b 2ESY VS VEB LT
W oBDF =, Yy T - 7Oy THELETHE, F—F1EHLT Yy T Ty
TH 4 ELTY— MRELZEE, AT ORESFE NI 264N FY 2 7ED
gapid, ¥



HE3®m ATVDMAARFX P 53

p = (6N'2+14log N'2+200)/N (3.10)

A, 31T ICREFENCHT AN FY = TEOEEERT. WEEEI M
THIENFIN— FY 2 7ERBHTELIIRENELS 2L DR S.

B, KFAPFREEBRICIME Y  DRAMICER L7-ER, B4 -5y FiZ1%
DTFTthar e @fEIhTnr®,

10

Extra Circuit Overhead [%)]
I

L )
0'164K iM 4M
Number of Bits [bits]
317 #hn—Foz7k
3.7 BE

AETIEIAE) DMAAT A MIOWTEH L, MAKT A FTI, #7 X MEEAIC
7 A FHERZ A2, Bl - SEErERAICERCRITSZI LTS, AT A
FCHEHATERZFETT A MVESLERANEIDEELONS, KBHX T, TOEX
WCEIDE, AE)OHLVMAAT A PARERR LA, Thid, *®) ORNEEE
2, VT LVAOBEICEBL, 1807 - FEEOTRTOENVDOFREEF R 2 EEL
L7 AV ARTH S, 72, COFNCELZTA FFRHRE, 7 A MHOKE bIREL
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7o, WERHEL LT, #ORHIRIBETH S LEZ SN TVB /Y — VIKEHREE, B
U, Fa—¥, Gl - FALAKOHELER -, I NODOWEITHL, FERON) D
FAPRAFLETH o7, KX TRELLETFTAMAREZAVWAZEIZE ) ON®) D F
APMRFITTF A AT REE 2 Y, KIERTA MEROERIC ORI o, /5% — VIRFEH
Bt L, ELAT A PFREI 302N? ORERHELR 7 A PRVIEERT S, 8542,
A7 A MAFRICLELRFA MVRAERIE, 7MLV RY, A vy ERRWTHENE
MRS CcEHTE, L2 2oN—Fyx2T7EE AT ORBEEIHENT 512250 T
HEEHTEXZIIENE LB,

i3, 72 P REBOBAE ROV TRET 3 LEFH 5. 7, KFRTIF
A MHE®EF Y TRICHA LD, ZOWEESE, H5vid, BCTA PR ED LI
EBTEPIICOVTHIRTLET S,



Y v o w 4
4

o

LA [ E O B BB o
7 A MEHALERE

CMOS B EA DHBED—2IZ 5 Y VA5 DERBIEE S 5. OREIIHAEEE
2 EFRIBOEEICT 2720, TORBICIIERTSE2O0DFTRA MRS PUPLEKS TR
FARLETH B, PRI LTI, NF— F2 LI 2 REREOKKE T 27
OIZ, O—NAMEXEELATA M efrbhiThid e biwv, AETIE, O—1A M
Y E T HBBMERE D200 F7 X FEBLEREHIOVWTHE 3.

4. 1 B THRPEETIVOERE ZORBE/HICOVTRRS, 4 2HTRET ST R
FAR, EREHE, ABT A FEOBRRFEROWVTHRRE, 4.3HTIETFA VEKT
NI ZALERYF 27— 7 ABICHTETAMEROEBRERE 277, 4485 TEKED
TLOET.

KRLTHREE T MO, E&MHHE CMOS 45—+, $4&bb, NAND
7 —F, NORZ7— b}, NOT ¥ — b D&APH% 5 CMOS M EERIKETH L LRET 5.
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4.1 MEETFIVERBESE

AEH TR, WRETHBF—FLAWEISVYTIRY - LRANVDOKBEERE FORTB &M
EICDWTHNS, &8, MR E) ERBECE—-BEREOALZ2 5.
VOICHMEETNEERT 5.

(€& 4.1] 7F—rOARNETHROREMED, ¥ICHEME 0 (1) CEES N HE
LSO 0 (1) MBI (Stuck-At-0 (1)) LIRS, %8B, 0FBKREE 1 MEREL 24
KB L Wigaid, BICHEBIEEE (Stuck-At Fault) & IFEE.

GND GND

b) b3 XaEER

41 2 A5 CMOSNOR # — b

4.1 @ D% — FElB®D 2 AJJCMOSNOR 7' — MZHBWT, ABRIEEH A, B, C
i, P YIRS RBROMEETIRE 4.1 (b) DEROET ST 5.

[E#&42] MOS PV TVARIDT— M aTOBREEI,IPDLLT, BT VIR
& DSBABCRER & 72 5 B % BRI (Stuck-Open Fault) & -5,



F4E MELERBORHKRED 7 X FMERIERET 57

RICEF 4.1, 42 DHELRET 5720 DEML LUTIRT.

(#iE41] F— MO, EEREEERE CR2IBEMBLEDECLANE -
MZEIIU 722 51, 77— b O ABTIBOFEBERE > BEELTE 5.

[#8H4.2] 7F— MEHIEN - AVE—F U RRBICTHAD LY — MHIIL 2%
5, 7— PO BELTE 5.

[EHa1] BARERELBEALT ZANLENIT 2EMIC, ZOATNC LB ER LGS
DETMEL HBE L DWTT 52 B AN REM LIz % & IXRBIKE LRI T E 3.

(GEH)  RE~X7 PVEREIML/zE &, FBORBESERT 55— M EETCE
ENLTFAMRS PNV L ZRBELRIFET 5. #€oT, BB PVEEMT 5 HA
I, e PV EREIS NSRBI E AR T A 5. (GERE#)
FHE41 L), PBRELRIET 2201013, 8%, E5T52007 A M2 Mg
DEATAMPLETHEI EFDLD

4.2 BHWMWEDOT A ME

4.2.1 O—NZAMFRLMFE

258 T2 —VF AP THoTHI—NAMNFAISHAVDLILICED, ¥43
VT AFX - RARBEOEBEZITTICHEKEND 7 A F 2 EE TR 5 LR/
B, O=NAMEEETAETAINRY PVOERIIEETHY, T/, BIFHERICE-T
RLTLOT—NZ b - FRAIRY FAEEETE 2D TRRV.

NG =Y TALTH, ANFREOLARERELFR L THBRERORE2ToTws
H, TTICT—SA MECH LRENS B EEXLSNE. Thbb, 285V FA LT
B - MROBENL - AV E—F VRRBIC R o728 &, BOPSOERFERLTVWES
BEREVIBHERZFIALTWS, Lo THBEEOBEIS L b2 BE, SORBIER
REGKREBICHY), DEEEL EOFRBMOFEBEYZIH VLV HESDH 5.

FBEESEAEL ENEIIENA - A Y E—F o R ol &, SOF— MZRMT
E, FIA AT PETERSoTVA, ZOEE, ZOF—FEARNBILEEOR
BEICRETRE RS, oT, HB7R M FVEFEMLAEE, 7— FEFN
A AVE—FT Y ARETHE2 P2 HRTENIT—-NZ MELETHRBEED 7R b
PRI E2DbDEEZLNS,
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Testmg Clrcmt

: E :
VDD : :
! ,  Testing
P1 E E Signal
o
In Out

I— >
(@]

GND GND

H42 FXrBERE

Y, KRXTRETDHIOI—NRA TR PARICOVWTHAT 5. {#ETIHATH,
BFAMY— MZFAMRZ PVREHMLTBWRET, BENA»LIOF— P H%
0, BIU, TICEHEREL, 2OKR, BORBESE) A3 ,EBEATS. M42K
AEROT A MHRBERYT. K42 TEHBPEERICT 2208 TF A P~ 24 -
yel7., Y= MALRTFAMVIESOHMFFANTHE 54 - AF—F - 4~
N5 27 AMRARAMLTHS. BEBETIZIE='0, 7AMFTIZIE="1 TH5%.
F—FADIIZTFA IS FVEHIMLTBWZRET, FAMEBELTO, BLTU,
TERENT A, 2T, TR MABROEIAOHMME:L LT, ¥— FHoMREICK
L, s 2smBHEe, /23, 1TOLLL0—F0AYHINTIZRVAS, 7 A b
NI MVICHLTRA MESLHMTA2RESERET L7200 L 1 OmMBELEMT 5 Z
EIZF 5. E=TELiztE, LIS MCHBESFELEL, 222, B Oudin
L AVE—FYARBESIZBAIR0, B, 1TERB. LL, ¥ FSEERES
A, E=T e LI EHAATESHEFREINDIEINTE LRI TWREMENH L., COFE
RBT D700, FAMESHIE I A NOREREIETEL 2 TREL V. T4
b, FYFRBLEEDTA—FNRy JFDA VY NN—=FICHWONRD LI R T VI RY
DF ¥ F VT ¥ FNVRO/NSVEEBIEIDFENA N~ & % KA NE LTHERT 5.
CHFTHIELTE=T LA EHT A MARDSIEE RBHEIIE, HAOEHET X FEKRD
METRESNSHEAMBICEKETHAIENTES, K41 K42 T/RLEF A FHEK
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WKEBHAEERRT. EERICETAMESIrPHbLT, ¥ FOANEICL > THE
LinBEAH I SN, FABIREASEE LS N &, HAREMLZT A MEFED K
LS. $/z, FBRESFETALE, Y-~ FAJME, FAMNHABT DS
T, 0, ¥, 1oL Lh-HOREBENENENS. D ERRLI L, KFR L
AR T, FARMEOBELROBAMARIC L 2RREEE 2 IS T ICHBIEORE
279 7:9, 1DDFAMRZ PUVTFAMIRETHY, F/z, ARBELRLEICLIE TR
FOERIF R A NAMERE LT A MEWEEE LS.

K41 F42057X PHERICKBHAE

in 1 0
Testing Signal 0 1 o 1
Fault-free o o1 1 )
N1 : SOPF 1 0 1 1
8
P1 : SOPF 0 O i 0 =
(]
’ 2
Out : SA-0 a
In : SA-1 °c 0 0 0 :5;
Out : SA-1
In :SA-0 L 1 1 y
4.2.2 EEHFE

T2 MEABICKA42DRBLTRELZ 7R M HEKEEA LSS, THENE - o
B R <252, 1 V- PSR IIN—FI 7L LTrIA - AF—F - 4~
W= DVYTYTAT4MH, bFA4 - AT—F AU N—SOFEBFR2EL FAMH
DETHRIAPLEL 2 Y EHA -y FIKE 2D LTFHRENS.

Ty TRADERED Y — AR ERW BT L oM LT/ aRFy s - F
A MERAFRREN TS, CHIRR43IRT LD, 7'~ AR A4 v FEMOS +
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SYTVASEIFAMML, COMFYIRFEGHMLTY— MEHZERATERICT S 7 R
FERTH D, AAVFRAMNI VPRSI IOARL Vb - AL v FCPS IR, 0
F— FaFRHEETRTHE 7o - THRICERSINTEY, £/, V-X, FLA4Y®D
—Hidy— P, RS- MHOOHEMN LESHTH LY AKICER S LT
5,

Sense Line

Probe Line

CPS
to Next Stage

CPS : Cross-Point Switch

H43 vAaXFyv T - 7R MEH

PRN—F 72 T7ETATAMAREERT B0, JORARL U+ - A4 v F%
F-MEHoOHME - BRRAICEATLEI LRSS, KTFAPARE70RARL U+ - R
Ay FERVCTERLLEES, H420 K5435 4 - AF—b - 43— Db
DIGEE ORBEEI O, Y- Y TRKTE, /2, £7— MK FI A 524
THLERE L, Baehr+oZR T NER—t Y 2B I3 1ED ¥ 5 4 2 4Hmd
I t+aTans.

PURF vyl - FTRAIMIWEERT A FARORIBICHEH L7258 D7 A FFIHHOCT-
P, BIU, Fv /etkoEBERL TN TR 44, BIT, M4S5ITRT. 7AMFHE
X, NBMANBFRICT A MRS PVEEIL TBWRET, T XTOEY ZABITT A
MES O L T RHMTA. KIZ, JOARA Y « AL v F2FVICTE. 20k i
EAHNITE Y A EOREBMEIIRIVISRLMEICR Y, BN RTNEHT X 7 —
FORBTRESNIREMICLS. TAMIBFHNMIN S AN 788 2bLruz
RAV P - AAvF2F 7120, §RXRTCOLYABORZEBMEL BT L. D LoBfes+
RTDFRAIRZ FVIZOWTHERT.

2B, H4s5iCBVT, AFTA MEHEEMmnTHS., ST Tmid 70—~ 78, nid
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procedure HOCT-P
/* Test procedure for the proposed method */
begin
v={0, 1}
while given faults exist do begin
apply a test vector to primary inputs;
for each v do begin
apply testing signal v to all sense lines from driver,;
cross-point switches on;
driver off;
cross-point switches off;
observe all sense lines;

Testing
Mode

Testing
Output

Controller

end
end
end;
44 T X NFHEHOCT-P
Chip
| i 1
] ]
i m
: Prcl))bg Line - Circuit :
. river |
X Under -~ POs
Pls ' — Test :
1
1
Sense Line :
Driver n :
:
]
1
)

45 RELATAMVAROTOY 7R

Y ARBTH B, NEATMETHRANDEHIMT A PR PV Ek & LIRS, HhEh
LIVERVNOESIE 2'k'm THY, T/, SHEIREOY Y MEEn ¥y FTHSL. K
SHREEDTIICT v FICHAT ALY B PR VEMTHOT, Fvy TATHIT—
Y EERET HLEFDH L. 45 TIX, BT 2 ERBETERT LIV PT AL
ELTERLTWEN, Zhid% AJJ LFSR (Multiple-Input Signature Register : MISR) T %
EHTED, H46i1C4Ey F MISRORAIKEEZRY. CORBTIZ4EDOLIASIZ4EK
DAIMEFTHI, 1, I, L5 ExOR Y — F&#@ L TEFICT— 52 AT 5.
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lo 11 l2 I3

o Ro + R1 O R2 + Ra Out
@ ExOR Gate
Rn | Register

46 4Ev bMISR

H—AJJ LFSR &A#kIC, MISR T7F— ¥ EM% L6, BMEORKXLETHHAD
H5H. T, BRIIEBEA—/ SNy FOEHO/-DHIZ, m, n DFRE MISR ITLER
LVIZSDOEY MREDBEBRIZOVWTEETS. MISROLIRAIDE Y Mk p, MISR
NDANRFIERqE L &, B—EBOTA )Y TABIERE 0T H-010i3%%

WELZITHIT RO v,
p2logg

g=2k'm 2fAATHERKELES.
p=log,(2-k-m)
2°>2-k'm

NEHTAPEBELE LS
t=m-n.

@3) A2 @) ARATHE
n-2°>2-k-t

e s,
¥ PEn ¥y METHHOT

p2n

“4.1)

4.2)

4.3)

4.4)

4.5)
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T2 NEE S,
p=n% 44 NIKATEBE

n-2"22-k-t. 4.6

UEEY, 6)XEWET S m, n2BEF, o, @5E2»5, n¥y FLLEDMISR %
FRLZINER S 2V,

4.2.3 FAFHEDER

FREDTFA MAREHANTEY - MEARZBBILGE, 1 2DT7F A X7 FVTH
BBEDF A M HTEOT— N MEEA LT A MFTRETHS. LEL, TTOF—
FPEAETFAPRICTHE, 7ANABRSECERBEBBM LAV L LTHHINEHRE
BECIZDUVAT Y FREPHBEC 220 FHEND, LoT, 7AMELELL
F—MEHICREL, CUODRETFAMEATTAITHIEFLETHS.

BIMICER LR D2007T A MRS MVEEHIILIZEE, A3V T - AFa—%R
EEBEFFEL T TOLTLINT - FIRETHLOLEREL 2V, LL, Ch
RREES A7 OICIZEROHE T A AL EECETMMEL - EMZOK I 2V -T 3
VEERBLZTNEIRL TR VEBETHE, LoT, KHFXTHERUTORENKLT S
bDLT 5.

RE41] HDTPRIAIVYT - AF2—REEEEIC L > TTHNY— FidR4ET
%,

F7, RISRTFAMRSI P VEFO—NZA}P - FRAIRT PNV ET S,

[ 43] HABMATESHB m OBRBEHD n ANF—F GOFRMIOWTER
5. ZZT, SMBANEFHREZ p (=12, m), GOANEFTRE (=12, n&¥
5. <T,T>% GRDANNi (1<sk<sn) TH5HFT7 VTR QDEBKBEICH TS 20
DTFAMRZ MV THEETH. NEADEEFRICTA MRS PATZEIML: L EDE
T x ORBMEE T) £ 5. TG)=v, T,G)=Vv, v={0,1} THY, »2, T()=
T,G), (i,11<g<n, g#k) T, &5, ThL TG, T,60) 2B LTV (pl1<fs
m} (€ {p) 5 i TTORE 1 EROER 1 EOZFEERTRT()=T,(6) TH2<T,T> %
O—)SAF + FAMRZ FPVERR, SCT, si3BRr LOREEOESHERT.



64 FaE HETHBOBBNED 7R FERBILESH

EF A3 EINT = FERELZ VDO TFEHTHS.

(€% 44] R-—FEEERALTIEROSEBER LBV 1 XORKICLTWS
F—rE2BEIET - RS, T, SN P RIERIET - PEREE. &5
2, SO L ZRBAIET 1 RICRD 58K 2 ISR & s,

B 4.7 KT — POBREDZODOT IV T) XA RRT. FBED S DR EAE S
XL, FORBEEOZESRICE—~BEEY, ¥ POATNC 2K EOR—BIDH S
L&, COF—-MIBP#MT—Mekb, ZOTUTTAIICERELHY, SUNdT—2
AF—YarhicEHLE.

procedure SEAREG
/* Searching the reconvergent gate */
begin
while unchecked fan-out points exist do begin
for each path from fan-out point do begin
sl = tan-out branch;
while s/ # primary output do begin
assign a color to si;
it gate input has had the color;
then reconvergent gate
sl = forward line;
end
end
clear the color;
end
end;

47 BT — MER7ZILTV XL

[#14.1] BI48 ITRLABKIIBNT, RG (x=1,2,3) RBNEY -+ THs.
72, NRC, (y=1,2, =, 5) RIFBNHT— 2 5% 2 FRNHERTH 5.

BIEEAOBEL %7 — PR CESEL BT 556, MBI LB EREEL
DICT—=NR M2 = F A M e iR ok, BREDCT 2 MEKICH
W, ZRFT—NAMEETD LI ICT IR ECEErORETH 55, mE%HE
BETFAMERF Yy TRHIEBICRETEL L V) T L 2EEB LGS, 4FLbo—i
AN FRAIRY PVOERIHETH S L) DIF TR, 50 - B % WK
LB L B L, FEDY - FOEZEANEEBEORBMECHATLLE, Co¥—t+ 0
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NRC : Non-Reconvergent Circuitry
~ RG : Reconvergent Gate

4.8 BEs — bOEES

MDOANCHEBEGZ D LR ANBANEERNDEHIMERRET HLAFTE S,
doT, =R b - FRAIMZ MOERRIKBHES TH 5.
[EH42] FIEF—rOENETFAPHETRIEERTFA M FRICE YT —NA T
AMEEHTES. ‘
GEBR)  FERIY — Mo, ZOEANDOBREMBEI LN TR L LNBADES
BTHBETES, XoT, O—NAM - FRAMY PDPHET LR O, EHL3ITR
L7zg—/SA b - 72 MR P VREBCERTETHS. —FH, BIEY -+ Tl’, £
DATEFHRD ) bA% L L 2RIRE 1 KOR—DONFANBEHRICERL TW5.
HoT, TOXF—PMIHLT2/8—VFAMRERLALEERIIITR LT —1R
P FAMRS MEERTELRVEEVHS. $hbb, Bl — D55 1EXDA
HESRORENE L BB LD <T, Ty ANBANESRCEMLZE &, 20—+
D ADEFHRICNT — FORET W REMFDH L. COEHE, B - ol eR
FAPHRTTFRA P THEO SR MEDH DT A ML 2 5. Lo T, B —
PO ETFAMEETHE, T A MEBICHLTO—RNA TR FFAETHS.
(GEFA#)



66 FaBE HAETHEOHEHMED 7 X FELEILEET

DEoZ bpbpi#Esr ZR LGS, BES - Moda—»"2 b - FA XS b
VAHELBWEE LD ), ABFA AL LTENMY — FOBHEERT S 2 LA
O—/SAPFAMEABEICTE2—HETH 5.

B#y~ 27 A PRELT, AAREMBH G LTCERLLBEDOI 7VAT Y
FEEHC X BEEA — NNy FERI49CRT. 16 €y MIEZFTREES —/ I~y Fik
17 %, 256 €y MIEBRTOFRIEIH 2% TH Y, BBRBEEIAEL 2BICONTH
A=Ay FIRNE BB D25,

20

10 -

Area Overhead [%)]

1
0 128 256
Number of Bits [bits]

49 MABCHTIERA -1~y F

4.3 TR MNERK

4.3.1 FAMERTNITY XA

FA MEREEEBRERICOVWTHERS, M410ICTFA MERTVTY XL 257T. &
D7AT T AZCERELRH, SUNd T —2 A7 —ay BIZEHRHLE, 7R MERDOH
WMEE LT, BB — M2 TE I VVRY - LRVOEBICERL, Ko, EBHS
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procedure TPG-HOCT
/* Test generation for HOCT */
begin
pre-processing;
while given faults exist into non-reconvergent gates do begin
generate test vector;
if generation of test vector is successful then begin
generate initializing vector;
if generation of initializing vector is successful then begin
check hazard;
provoke fault simulation;
end
end
end
while given faults exist into reconvergent gates do begin
generate test vector;
if generation of test vector is successful
then provoke fault simulation;
end
end;

410 FRPERTZITUXL

Nz BIBEAORBSEL R 5O LBER 200 ANEERD L. ThbDADMEI
EOWTHET A AT H27 A MRY PV T, Ty 24EET 5. LoT, AR
Y PRE - LRVTHBED, '~ PRV TOT R MERDPTETH 5.
DEDRRBLET L=0b, FEHBIET — FAOKECH LT, B —b, *
7iE, NEHBIMESHE CERIEIT NI E 2 FAMRZ PVOERKE, B
¥ — FROBEEICH LT, BRERZ PVOROEREFNEFNT). 285 - F R b
Tit, FPMEAZ PVIZEET R P2 P OBAOAOTIHEE T X RRVOICH L, Bl
N7 PVIIBEERREELL, o, KEOXBEBHIATHANMBNET, Tk, W
Br A MIETEHRLETRIER OV, KRXD2 TR PR PVERETIE, FIDIC
BN MVEERL, RICIHIZREI BN s PV EERT 5. HENIC, 0k
BEOHFET—NA P - FRAMI PNVEABBLEKTELZ LD LEZTHN TS, 72X
MERKIZEZ, N FREDF v/ %247). K 4.8 OEEICB T, FEFNH %K
NRC, ADEHEEITH LTIE, 2788 =Y 7R P 2479 . MBIC & 2 ZBINEIEI% T,
T, RE1EOEISY - b RG OB IERT T, MEIRETETSHS. RG,
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DFAMIFFLTIE, BRIERZ MOZREERT S, 235 -V F A M ERLIE, B
P — M T A2REBARZ PVOERE L TWEDOT, EYI2L—-YavildoT
BECRE EN TV AENY — PAOKEICH LTIZF A MERZfTP RV, 28, &7
A FRZ FViZ, PODEM 7NV ITY) XA ZEDVT VT ) XL EFHWTERLTWA,

4.3.2 EBRHER

& 4.2 [T 2R adder & ISCAS '85 DHAEREPBONY F<— 2 BFKICOWT, FEFN
7 — N OB L BN - P E TERSEBEADOT—NZA b - FA RS b
VOEKAERERYT. ISCAS'8S DRV Fv— s KL%, 1985 FE DM X 7 A EEE Y
R 7 & (International Symposium on Circuits and Systems : ISCAS) TRE SN/ 7 X M &
BD7zHODBERPTH S, N Fv—sAEIEY— P LV THBIERI TS,
Z M72% AND (OR) #"— b3, NAND (NOR) ¥"— b DKE:IZ NOT ¥ — b A5 & iz 2
BOABTHE IR TVEIDLRELTVS., 7— FOlX, SORLEZHICETN:
BIAOY— MEERLTWAS, - PATHEIICERSI A5V TV 27, Iz R4
D PA & PB L OB, F—DFA M7 P TRIETHETHL2OTINLOMELS
flitgBE & L <. AND (OR) 7— I} % NAND (NOR) ¥"— b & NOT 7" — h & THEEL L 7z
Be, <O NOT 7 — PO, ZOFERD NAND (NOR) 7'— MIx§5HF A M
Lo TRIETELDT, ThHDNOT Y — FHRDEEEIZNAND (NOR) 77— FAD ZE &

F42 FAMEROERER

. BINst . FZ b . R c

BigE 44—k ok el REEHEE * N7 bV ] N —F
adder 76 10 121 0 (0) 126 100.0 free
cm432 164 92 478 1(1) 328 99.8  free
cm449 260 82 506 0(0) 454 100.0 free
cm880 555 133 1112 0 (0) 1304 100.0 free
cm1355 636 384 1610 8 (0) 855 99.5 free
cm1908 1097 250 2370 7 (0) 1404 99.7 free

cm3540 2482 600 4608 170 (4) 3078 96.3 free

ORI RSy 7 10EBTT X MVEREFTH) - - BB T H V),
ABTH 3.
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EMThDLEELDL. BUEOFELHESOWI-RERERLRFREOWITRLTVA,
F A MRERERIZ T A PR PVOFELEVEEREYEL VS, 22T, VRO
&, N FSv 2 10 RITTFRA MEREAYoEERTHY, ARTHS. X7 b
OMIIERENIZT A IR PVEEEL TV S, HEERHEERp IIRNICLVEHR L.

p=(1-(7 A M A REMEBACEK IR E))x100 4.7

EBERLID, KO EFELPIZho, TRTDTFT A MINF— FEREL TN
DTA—NAPFAMERoTBY, /., MEREELEHW., 36, B -0
BOETFAMNEETABIET, TAVAEE2ET— MDD 13 ~ 60 % CBASEBLZ L
ATE

4.4 B

AETIZ, CMOSHMETHBERBO + 5 ¥ VA ORBURBE AT 57 X bESHILRE
DREL T A MERICOWTRH Uz, ARX TR, HRgEIEBELER-LE, F— T
BEPTENSA - AF—PEFICRBIE2FIMAL, BFREELBRAELEEL TR PN
7 PVEENIL7:d L ICEBNEP LS VO ET 7R T 5T A FARDRELTTo
2. SOHRRRBNY— FREOZBLZITTICHBEEDO T X F 27250 —/NX F TR
FTHD AHRIIHBRECLHEATES, &6, ARATOBNET— MhEE
FAPAEL, 72 AORSERAo7. CRICEDFA P DTSR MERES &
BFAMEBAEET - MO 13 ~ 60 % KR ERLIENTE, fHIN—Fo =7
EORAE IR, MBS LEAFROVA T Y MBI 2T 2 o -8R, BIRHENT
KELBRDBIZONTHEA 1Ny FIRSL BB EFRELPIIR o/, TAMVERD
EBHERDPS, ERENZTFAMINF - FORVT—=NA N FRAMTHE I EEHRT
&z, 7, BRFAMAREHACDLILICL), HED215 -V TFAMDOHRIC L BT —
NAMTA MW, RN KB E L.

SBBHEAG T A PHBEBOETT A FHERT A bkt BRI EEL10DRE
FAMROREFHE, TR MRT FVEOHIREZ EICOWTREEET 5.



%5 E

HAETEHROMAAEBEIRT A b

CMOS EIfEIZi%, fERDOBIBHNDOREHENAIZ L DT R b TR T E RWKBENFF
FET5. COIBL LI UIRYOEBRRERY — PBACBEERKEL LIk, BEfbEh:
EESRELHHERLTELS -0, BRERORALIT) CETRBTES. 7 A
iZ CMOS FIBOBBAR ICHEIANTH S45, 2O—FHTF A MRESEL, 74, &
WEFMEOT IR, COMERRRT 272012, HAARRT A MR EATY
5. KETIE, TEEHMHTE CMOS EE¢MBOMAALEBRT X bDO720D7 X + HEKD
REFE T A PERBELICOWTHL 5.

S5 1B TRMRETIHBEET NV ERBEHIIOVWTENRS, XIT, 5.28TTAMH
BBOBFITOVTHERSL, RETHOEBRIEH L7257 X PRFIOEFEFE, BIU, 74
FEBOEBERIIOWTSIHTERRS, BB, 5.4HTEREOT LOEIT).

B, KX TRRZERT A MI, FHECH LT b7 PVEEIML, BRER
BRELEIIT 2L V) EATDCTFA M LRAENICELS.
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5.1 WMEEFTVEHBSYE

A TIICMOS HACEBDO S YV RS - LRNVOMBEER &£ DBRHEHIZONT
BRD., 28, WEIE-EEREO»LERS.

MOIHEETF VA ERT 5.

[€%S5.1] MOS FI YV RIDY— MaTFOBEBEC,PHLT, BICFI VIR
& DSEEIRAR & 7r B BE % EEHRE (Stuck-On Fault) & L3,

[£#FS52] MOS FIVYYRIDF—MEMEY ) VIR KA T — ML
55451 % (Gate Oxide Short Fault) & FE3.

FORMEIIEE4 LABETH L. TH41 TETIE L RHREER LT L7,
B LSz & S CHEELBNERITHN S 20, Bii7F A ML ) BEBRE 2475 &
FHURTHS.

RiT, FERiHE, TERRE, - PRIUEEHEELER T A MCX VRBT 5200
FHEDTIERT.

(HES51] BEFHRICHEME O LT L2EYUTAHEILICEY, BRFRAMILD
TRTOMBREE 7 — FPRICBEEREE 2RIB T 5L D°TE 5. |

GEH)  BEETV LD 1(0) #BEE: 5 EZ0RFESHROEREIIV, (GND) TH D,
nMOS (pMOS) D ¥ — Mg F L HAR L OB D7 — M BLIBEERKEE L SIZFN IS5V R
YOy — FmTFEEIIGND (V) Thb. LoT, TALDEFHRICHL, HHLERE,
Thbb, MBEZPREMELANTHILICLY), V- GND BICEEERITEE S
n, BT AMCTR M REL 2 5. (GEB#)

[B15.1] [ 5.1(a) i7" 32 AT CMOS NOR 7' — + DHIIME 5# C D 0 #iBHEE SA-
0&, nMOS F 5 YTV RAH NADY — Mo F & EAR p-Well & DF D7 — b B bIEER HBE
GOSF & i DWW CHHHAT 3.

BEHE CIC O MBEHEIRELLE, ZOBSHBIIMS LrOWBMERICL ) GND
CERSNTVALRAZTILHNTEL®, f£oT, CHREM T CRETD L, Vv, 2
LBBLIZET YTV RY PA, PB %o T GND HINEHER 1, 255N 5.

RiZ, E51@ HDnMOS PT7 VY IRY NADY— biTFLIREDBDF — FBAL
R ICOWVWTEZ S (H510). ZDF5YIR 5 DOHAR p-Well i3 GND 1255 <
NTWE7:8, AMEFH A IS GND DERMEIZLS. fEoT, A RHREMHE T CHET
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5 &, ADDH NA DERANBIRER [, FHhs.
Ll &b, #BHREEE 77— MELBEEHEEE & 1o LT, SESHRICREE o
ETEEEUTHEILT, BT AMIIOMERBITETHS.

VbD
PA
A —y- 1
B PB |iop
SA-0

oD __| E__NAI_l NBWVT °

GND GND
(a) #E:Bif

Field Oxide (SiO2)

Gate Oxide (Si02)

Polysilicon
n-Substrate . Metal

(b) 7 — FER bR
E51 BWEFIL

[#E52] 7 MHOEBFHELARBTLLODDOTFA MRS VX, #05— O
BiELrBAELTETFA IR PV ER—TH 5.
(GEHH) #BMELEAELT A7 A PR PR, ERGBEELBEOREG L TY—
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FEEDSRE B, EREEL, FOFFVTAIDY - FRTFAEI—H ORBHEICHE
BLTWREEZDBIENTES, EERLECOIS VY IVRSE, ChEERTLIS
VIVRFEDEL L —FORDEBIRBICL501Ix L, EBHEL HIXIASH LD
VS UTRSFEET S, LoT, MBREICHTAETAMANES— MCEMLA RS
iE, BRTFAFCEBERELY 7 A FCT&D, I, BEKELTA TS50, -
FohE, BEERT V,, GND L OMICHE T RTOKEKELL LD 1 HEEE
NI 6%, T, BEAICERINA PSSV IRASIZIETOFAN L2TRE
ok, COREERLHELTANERIOY— F OFBREELHEELTEANTS
b, toT, BEKEERETA/ODFA MY FUIE, FBRELEENLTEFA L
RZMVER—TH 5. (GEBIR)

VDD

C
A { NA
B I NB
GND

(@) 2 A7 CMOS NAND #— k

A B SONF GOSF(G-Sub.) SAF

0 1 NA NB, PA A1, Bo, Co
10 NB NA, PB Ao, B1, Co
L PA, PB NA, NB Ao, Bo, C1

(b) FX MARYT FILE R

52 2A/ANAND = FDF X rANYT bV
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(Es5.1] 7— PHOEBREICHTE7FA MRS PVOEINC LY, BRTFAFT
FoREE, EEMRE, 7 FRCBEREEORE STETH 5.

(GEBH) #iEs.1, 525D HETH . (FEBA#%)

EH51XY, BR7APCREBEKEOAINTETAIEERS.

552 (a) ® 2 A CMOS NAND 7" — F D F R b X7 bV L ZORH ] 5B % R & DX
J5% 5.2 (b) 12773, SONF, GOSF, SAF iX, #hZhE@EHkE, 7 — B LEEREK
B, MBMBELRLTWA. 28, 7 MRCBEKLER, 77— MaT L3R E 254
L7zl SICHBORBATTEERZ I Y VRAIE2RLTWS, 7, SBHEICOWTH,
FEFROBRETELEBEEORBELRETEL TS, COMPLHLIR LS
2, 2 AJJ CMOS NAND % — MZxtL, 3 2DF A b2 MV CE@EHEE, 7 — ML
PR R, #BEBEL T XTTAMTES.

2B, FIUVIRYORBERE, WREE, TV v IBER SOV TIIRR L THRS
BT A P TIREFICHRE LBV, MOS P 5 ¥ IR 5 ORIBRBER Y — M FA53E
WFERD L) BUBREBED—HIIBERTA P TLTFAINRETHL L nbh TS,

5.2 S XA MHEK

5.2.1 HEEERREt

N7 A MRBICL BT R F OBIERE, SREORSEMAAT A ML VHE)
7ziTiE, MALEBEICH L CUT OBESEIIcERIND.

(k511 BEEEIE.

[(Eks52] SEEIEV.
$7z, #7 A M EEEAICHEA D BIFR T L’C‘Gi, UTOREIERINS,

[BRs53] 77X MHBKICLZ2BERTIAES W,

[(ZKR54] 7A+HABROBEAHETHD.

[ZK55] 7R FHBEBOEEI/NE W,

[EKR56] #7AMEKOBEEETOBBETIAE V.,
CHETREENTWEEMT A ML, AT X MEELZHVWTTOR TV -OER
51, 52DBELMETE L o724, MAABRTAMITAHILT, 2BEIILD
DEREWHETHI LATE S 606,



76 BSE MELEBOMALBRT X b

LA#L, CMOS BB TIZ7 — FDAL v F ¥ FEECENERITNS 20, RELRHH
BROBBETNEEHECT) L3P VRETH D, NIRRT H7:0, KFILT
2, BABENOBROBRSMMELEHITA 7 A NHRRLRET LS. CONKIIEHNETR
®EAZEREETY, BIBRORMEIHRL TS,

Voo

I

Circuit
Under
Test

T "1 Vv x | Level | y | Integral {'
mode 1| Trans. Trans. Circuitry

NGND GND

53 77X MEEBO IOV IE

M53 7 A MR Ty 7 K%, K54 CEHWEEEXENERT. 7 A HHE
B v EHEE, LAVEROg, FOoERS LKoo TWA. VI EREFKIIE T X b
BIgHN RN BR Y EEICERT S (M54 @). BRS3 LHMET S 20BN
WHOBHABA L 2T hER S 2w, LoV ERERIE, VI RREBETREIEE
E%BEORRELARVICERT 5. VIEREBCEEE] D EOBRIHNAALL &,
FEEELR2AHHELY LTS S540). Thbb, 7THRT7EXT 1+ V5 VICER
5. BOERIE, HEPETHEMEI S —CHED LML L SCRBEES Y B
T5 (H54(c). B5.40) TIIEERMEAM L, (<1, <, THS. 72 FHEK
RIEERT, =1, BERT =0 2055, BR56 2MRT 087 X FEK
O GND fliZ N S T2 &7, COWMFIRT X MECIZA — 7V IRBTH 525, BER

VeR%RiiX GND iciEse s, VI ZHRABICILIBERT 22 LT A M EROMREE
TERIET 5.
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V(x)

o ‘ I Time
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vih || ! !

VoD £ | I—
o Sy ¥ Te—  Time
(b) LALEHREIRIHA

Tout A . i i
Voo % 1
i l-
« | i
0 T Time

% R
(€ TX FBEEHA
@54 BERE

5.2.2 [EBKE

5.2 1 TR L RET 27200470y 2 ORREE#47) . ERE L 2um
V=V ERZEL T 5. nMOS, pMOS ZNEND L 7Y VX5 DL ENMERER V, =IV,)
=06V ICEREL., ¥/, BT I 21— 3 id SPICE3 (Simulation Program with
Integrated Circuit Emphasis, Version 3B.1) L, V=50V, BE=27°C TEEL.
AT T 5 SPICE3 i, 1987 A Y Ta V=T RENSN—IZV—-BHHY I —R &
Wiz —T 2> 3B THbH. K55 CARITRETLERT X M ARIEO KN %R
T, LTI, BROFMICOoWTTay s SLICHBET A, &8, BIPFIKIFYTVRAID
F ¥ F VIR W [uml/F v+ F V& L [um], HEHE [Q], FEME[F] 2Lz T4, UTO
HETE, HEAx TOBER VX)) TRTZEILT 5.,
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A. V-1 ZEHERK
FoRS5.1, 53%WRT A0 T A FNABOBER W FICHATAEIUEIINMECL
ZIFNER ST, —F, BERS2EMETH-0BEIMEERE LTI R S 2w,
CZTIE, BRSL S3EMESE, ERS2IEOVTIHRED LANNVERER THIET
HZriTl7z. nMOS } 7 Y VRS DBHERICBIT B4 VEHEFAALT VIE#RE
fToTwb, SPICE3 I2X% WL =122 D nMOS + 5V TRA5 D V1§55 % K 5.6 (2R
Y. PIVVRIOF VEHAER  Z ], =1mA THR_ =1kQ, I ,=2mA T Ron=1.1
kQ TH3. 2B, FFTUIVAY MN1 OH A4 X WL BT A b EIROBIEERE ICERFL

TH’IE 5.

5
—— Vds

s |
8

> =

I Vgs = 5 [V]
WIL = 12/2 [um/pm]
00 ' 2 4
lds [MA]

@56 nMOS r3 V240 V-| 5%

B. L~ VEHREK

VANVEREBOBRE T a7 AN T4 VI NVBHCERTHI L THD. Nodel
2FIUYVRAS MN3 CEEES L2HE, V ULOBEFRE L2V ERELRTRE
EPERBENHIETEKR 5.2 2@ETELV, KEHEOERELNELTH20101
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MN1 DEHEE KE L LRTHTR ST, BKS1, 531KKT 5. #£0T, MN3 DHiER
(2 MP1, MP2, MN2IZ & o TR S WD LB A L7z, Node2 DEEIE Node 112
RELLEEMEICL) V =06V 2HMEE LTELT S, MP1, MP2, MN2 D& A
ARERTIHEHCOREERBEICL o TkT S, S TIRHESHOREEEMBEE LT,
=05mA tRBLICEI TV IRIDFAXLHD TS, I > (=0.5mA) DL F
V(Node2) <06V &%), MY IJAF MN3EAT7 L, VNode3)=V, L %%, INV1id
Node 4 DV RNV EZERFHEVANNVIIERT LA AN THY), LEOHE 0 LHED
T5., LOVERRBIERDSPICE3 I L AAIBKY I 2L — 3 VEREZKS.7 (@), (b) ISRT.
VIialb—YaviERHNA T o .

C. i E%

B, KL RTREMEC £ RN LERLCANTS E, 7R MEEKE
LTOBRRNZHBHEMET =0 2HT5. $obb, BEERR 0.5 mA) AEEH
PLESSEL TN E AT, =0 25, COBMELERT S0 CR BSERKE AV
TW5, (DEKXERET A MEEDO 120y 7 FGORETHS. 12 /3— 5 INV2,

6
- - Node 4
~ T N !
N/ N \\ ,' —-— Node 5
- y Ly - - = Tout
y \\ |
E ) { \\ll
A 1
@ / 7
= 2F / / | l\
3 a S
/| /A
/ \\ Vo N
20 100 200
Time [ns]

@58 KOBENIL—YaBR
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INV3 i, ZREID L EWEEEDN 12V, &% 5 L9 % nMOS 5 VX% & pMOS

FIYVRS LD A THICREL TS, ANOREBMAZELL AL E, Node5id V)
& GND LS N/ REELRD Cl, RIDKERTICL-oTHRE LB TAKRET
5. $oT, BLL 72 AJIREM V(Node 4) H3HER T UL ERESE L T—E 7% & i V(Node 5) >
12V, &% 0 T, BADREMICL > THRE HREMHEICEINLT 5. Cl, Rl OFHEITHEE
Hsg DHHEREM ¢ ICX o TRIBH, 1<, THSHT &5 Cl, RIDEIEZHE T R +EKD
BRI ST . 7 A NAROBEEE Y 30 MHz & LI25E50BRSEEO
SPICE3 IZ & B [IEEY I 2 b— Y a VIEREH S8 ITRY. 2B, M55 DEBETE, I =
0.5mA 7%33 ns B0 MHz) M\ F3#HE L T /- L SHBETH D LHWTE D LI T H0
IZC1=0.6pF, R1=20kQ & L7:%%, TR NVEHROKESICEESD L7720, #H7
A MEABOBERE L ) bASVRERERoTWA,

D. [EI#E)E

55k LT A M EEBRSBOFEICOWTERS, H59ICSPICE 70/ I A%,
510 @), (b) CZDEBE I 2L -2 a VERERT. BFBAETET, =0, N, =
GND, T,,,=GND T& Y, 7 X FEMETIA T, ='1", Ny,=Open, T, =V, Th5.
EERICET, =1, BERICET, =0t%5.

IEH7% CMOS BB BIER O AP EL, BHEFRIKIZE A LTI RV, BRHERIR
Nz 7% 51 V(Node 1) =GND, MN3=0n, V(Node 3)=GND &%V, T =1 Th5.
BIEFRATN/- L EV(Node 2) < V_ %2 51E V(Node 3) =V, Noded='0' &% %. L2
L, Noded ='0' &% > T\ 5 EHABEHIE O EERFRER ¢ & DEITNiINode 5 DA
B A ABTET, VNodeS) <12V, DT THY, LoT, T =TE,RYFA}
AT A P A ATIER Th 5 LB 5. i, #H7 X M EBACKESTFEL,
o, ML Lt &, REGHBUERIMNDS. COL EOBHERMEIHEEH T D%
BEWMMEL U ERSIT VNode2) <V, &% Y, Noded="0' &% 5. 3BT R FEKD 1
0y ZAMGICRESRTSEY, BT L BBt UL LR L TN S 72 V(Node 5)
>12V,, &Y, T =0%2H075. LoT, 7X FHEKIHET R P ARIHETH
bEHWT 5.
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Iss [mA]

Voltage [V]

3
— Iss
1}
-1 — y
0 100 200
Time [ns]
(a) EIMRHK
6
4 - -] Node 1
/ _\1 —-— Node 4
i A ---- Node 5
I\\ e Tout
\i
2r , ;1\‘
[ i
b
L/ \
29 100 200
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5.2.3 7ALMHBIBOHS T A b

¥R FEBPCHEATNE T A PARBESO TR b, HETFR FFEIOVTHEN
5. A MNEEKE, AHBTFOS, BHABFA VI NOTF O ABTH S0,
5V TVAY DOEBEREE, FAREELE EOREETLVTIIRELERT A EFRETH S
LEXOND., LoT, MBBELHIDIBETF X MCIYVHEETR MR,

‘_—l

Circuit

Under
Test

Vob

s NaGND YTVDD

festing I
Circuit Tou

!

GND GND

Tmode

(@) MEBROIOvIE

Is [mA]
0.6
0.4
0 36— <30 r—se—& Time (8]
! I
Tou [V] A | i
Vobp ——
! l—
|
" »
-0 K=t Time[ns)

(b) EDNHNERS & HtSH H1E
X511 BHESFX bAE
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7 A MABBEOBRER, TV IRS MNI RIS BRMESEEERL LLET, 2o,
FRAHEERER | D ER L THRALZE SHA T, =0 LY, ThBSOEET, =T
ERBIETHE, o T, Ny, WF~DEH, T2k, BEAMICLS ACTFAPMTTF
A MARETH S, K511 () CERBHNEOAMEEBEL, K 5.11 (b) IZ£DABIFIZR
T. %7, VAWEREEO PV VRS JEROREE R LTV, RSO
WAEZ M0 B 72017 A P HEIO T, S FCOBREHZIT). BEOZ L2
ETHRT R M HETHS.

5.2.4 L AT kG

VAT Y ket L, EBRICREE ) IV 2N RICERT 57:005 5 8%
F—VEERTAHEIETHE. CORTENRROWE, HE, L& FEX)OWHMENGL
RLILDOFREN -V THE. EBEORFN—NVIFHT L 72 LR L -TRES
A%, Mead & Conway I3 ZEAPRBERAT A % WV CEXTTOMXT B 2 E TR LR E V-
FRELL®, ORIV —NVEAR—-ADRFIN =NV ERITN TS, KL DHEEINV—
Wik nMOS [ ICHT5bDTHLDT, KHXLTIE, Thit CMOS MEKICHIRL 7
Weste & Eshraghian DA X—ADp 7 = VI — L&D L HANTL A7 b&EH 24T 7.

M55 DFAMHEBOTAZ VAT 2R 512 R, TOLAT Y Mdp o=
VTR R LR/ TED 2um TH S 2um V— )V A=1um) ¥ BELTW5, I
VTR - MERC R, BHRERY VY a0V MR ¥ ENTRHAIMH LER
LT3, &4 ORMY ) OEI C =4x 104 pFum?, R =100 Q/[0"¢ 2 L7z, [
BosToy 744 X3 134x89um? TH 5.

5.3 T A MAERK

5.3.1 7 X MRFERIEEE

HBHTAMRYICER 2T A MEBRICHML7zE &, K513 (@) OARIIRT LI %
BNz T5. 2oL s, MBI 5.5 OEED Node 5 TOBFEMETHH. I
T, HPOFEIEEMIIKL TS, 2, T,(=0,1,--,HETA M2 Mk, t G
=1,2,3,4) REFEEEZNZTRET. ZOLE, Cl, Rl OFKJEE, o« FESKEEL T

* Qi1 FHY Y OEBEE RS
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Ta

Imegratlon of
Voltage

i< t1 €> < t2 €> > t3 < > t4 <

(a) EXRFDIEE .
o
o
Fault
et < tlz > p— ta ——-—I—>
! (b) MR OIEE I

<t < 2> b3 t3 ——>i

(c) loo H'E LVIBEDIEE
513 EBREEH

DPEOBRIHENL EHETHLLHAMTEZ L) IIRELTVDEA, FREFKIC,
Node S COBEDRSOBAMV_ ET,-T,H, T -T,HATHLILZDT, V_ <12V,
%727 E9ICCl, Rl DEEFFEENTVS. 4, H5130) CRLIZEHIICTFAE
Ry PVT, REIL7 E SEESFEL S A, BRERSTALLETS. ok, (T
OB 12V, B EiC%% 52 Cl, R1DBEEZRELZITREE LR, L
L, T,-T, B, T,-T, ATOBHEMRMEITKE /20 Node2 DEELL =0.5mA D&
L9 +BFIELS B Y, FOHR, LANVERBIBEOBERMAVNS < %o T V(Node 5) >
12V, £ 5. ZRIBETA MRS PVETOBRNERMESRR S Z LICERELTWA.
K513 (c) IR L7z &) I2&T A bRy PIVEITORINERMEASE LITHE, EFROV_
BIEESERTELLLY, EEMEOHENESL RS, LRLIZHEOREKI I
L—Y a3 vOFEREYH 5.14 (a), 0) ISR, RETHE, BMNEFRBEISLL 2L %7
A P BRFNDEFEICOWTHENRS,
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5.3.2 T AMRINAEKFE

FAMRZ FVETOBMNEBREVE LSR5 L) 7 X VRVIERE, 37205, A
B — PP ELT B — PSS, BIRFE LA RD L) LT A MRIIOAEREICD
WTHERS, SOLIBRT R MRFIZERT 572010, RHL TR, WOKCHELRHE
IEBEREL, RICChEMWMETD L) BT A FRFIDER LT .

EEIZIE, BNERIZ, - FOBRNEOEILARR Y — F OBEHEN R EICLo TR
LAY, KRXTRUTOZ L2 RET 5.

URES1] &~ MEHED 0 — 1 OELL 1 —0 Ok s TN 2B EF I
ZLw, F/, IRTOF— bOBRERAIZIELY. 251, BROWNTEERLNY—F
BReWwborEZ 5,

®5.1 BRLELES00 X7 MVEIMEED 7 — PHADELH

LB 2X7 b L
¥y Bk B FEEE
adder 76 214 183 32 52 0 10
74181 121 470 356 41 69 0 11
cm880 555 1802 1456 172 289 83 30
cm1355 636 2308 1790 208 269 130 24
cm1908 1097 3430 2812 436 562 190 61
cm2670 1799 5364 4481 660 878 433 81
cm3540 2482 7504 6234 794 1077 304 121

E%E 44—+ MOSFET #&f

B A FERICEUEERNEFEML: L E0F— MEHOELEE BES L LT
RET H. INE adder, BEAWHIBHESLE 74181, ISCAS'85 DRV F < — 2 BT L,
BUOELLS00 X2 PAVORFIEEIM LI EDF— VAP EL LS M EEESL I
JRY. B NAND, NOR, NOT D&Y — FOATEMBE LK THSL. ¥— M
BgANDOLY — bk, MOSFET EZDE P 7V VRS EERLTVE, HRERIREKAD
BEMBEORKEERL TS, 2B, A—7— FATEFICERSN S YIRS DE
BB, H—DO7 A M7 PUVTREESARFTEZ V., LoT, ThHDOMELSM
ERBLEERZIIEE L THRATYS., BED4OOMIL, 27 PVET, HES:
WA IS AL L 727 — P ROTIME, Bokfl, B/ME, BEEEEYTRLETRELT
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W5, 51 08E,0, FHOBLEIZY — O 30%, EERETIZOH 10% T
HHILDL, 200FA MR FNVETOF—- MEOOBESEBEUTOL) 252
Lo,

HEX(M =7 M x03)+(F— M x0.03) (5.1)

T, HEOEH Y52 5.
[E#& 53] LEEHEsDLiE, NEBADESE D, S s TTORED Y- PERELE
LTEETS. Thbb, sDLILIs) i,

0 (s PNEBADNEFTROBE)
l(s) = (5.2)

1+ max {IG), IG,), -, IG))

LHEREICERTS. 22T, i (=120}, BE5RsERNET Y- FOATME
TRERT.

[E&54] BERPLIHLEY—FPGRBVT, GOPLEZRZVWATI 2+ 78HA
TS,

[E#5.5] »IHREESEBONBANBTICEHUTOATWERET, '~ 101
EDATMEFHOBERMBOELSF DY — F DR NERHT 228 2 E 0T Bkt & I
£, Ff, T0OF— POENRDAORE L ERARER LTS,

[EFs56] REd 1 OOERTHERLEDY — 2B — b LIRS,
F7z, ThPADY — F 2{ERHELES— F SRR,

[6152] 515 PETICBNT, () NOBEFESHRO VNV EERT. £/,
7—F Gl ~ G5 iZHBIE T — P THY, 7~ G6, G7T IZENHT -+ ThH5. &K
a-e-l-0iZxL, AJIb, mAF 7EEANTHS. $/z, E5.15(0b) P 2 AJSI NAND
F— FIC(AB) =@, 1) PFEIMERTWE L&, 207 MIEHTES - FTHY, F
72, A-COMERTTRERERR, B-CAMEHARERB TH L. Thbb, ANADOREEDNE
{LREBITHT C MERRT 525, AJ) B ORBMEOERILIE A ORBEMEL LSRR
UNoRaN/= 30/ 0N

WE, FEEED T A P TR, BEOBEAEL LABENETRNOEDO B OERK L
BPoHEoTWA, —F, BT A TR, ZOHMBEOREFED S RBEOEELO » 21T
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X (n) : n denotes level of line x

(a) [EIR&MH 1

A 0—

21 P—o
(b) 2 A7/ NAND 4 — b
5.15 FREORAEX

IREFTHATHS. hid, FHEBHEDT A MBI AMBEOEEILDOAEFEHLTE
HilfeTH 225, ¥~ FOHNMEO LB ERELZ LXRBETHHLEZONS., Lo
T, FRXTIE D 7TAVTY) XAO—H#EIEL PODEM 7V I ) X AD%FEH & &
7SR R R L7227 2 b REIDER 4T . '

MO, WREBDPEOHEET 57— FDATCEFORE BT 5 A EL Y
Tk, RiZ, TOANIMETHRLPONBAIESHRANAD > T1ERAORRERETS. 20O
LE, F—rRBEBTHTEI, F0OF—- FOASMEE —BIMEC L o THET B, ¥ —
FADASMEL LTI, 205~ P 2EETES— e TIATMEEAEL TS, FEThk
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BAELRbEFRENDDOLRRT 5. ZOBRFECOVTIMERT 5. —Bpfk
PNBATEERE T LBETE, + 7BBANIIKRELLESHRE L THoTW
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MERFRD LA L EOBBLZOREERTES. 2T, BELALERICHTSE
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THHE, UTOHREIE> TERT .

[#e5.1]) FAMERSKIILIZLE, DS OEEIRT 3 L FRENHEH,
BIU, AJMERERT 5.

(e s2] BB — FMROLLWEBREERT 5.

[ 53] RBRHEELZCSURBLERT 5.

RIZ, HEES1 ~ 53 DREHEHITOWTHRRS.

BHESLICBWT, BBAE b &) 2k, ANELERY »HEE, BEZLEME
A EBEDYT — O 30% ERELZZOT, BBHFE L 25 L) IBRLIZGED
FH, TAMERRICL) BERICEEZELRTVEERZ TV -0TH 5.

[EH52] HEWBEIINTLF R MERBWT, FELRERAIIC, EACERS
NT2TF AR PV EDERARER O L E, ERARERLE Y- ML —
B#fEr v, COBBRELEHRITRER T I EFTENE, 207 — ot 7EEBA
TN BB Ld 1 FOBRR ELOFEMEIILLT 5.

GEH) GHRAEREREOLZT—POLSRED 1RDOF TREANCIIAIEDE
DGR Z RIE T AR BESEMENTVS. $oT, ZORKEGERTRERICT S/
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DITIZA 7EBATNH L, ANEOELEZDF — PEIJIERTE 2HBELF/-IC
EmL 23 nid e 62w, (FEBA#)
DEoEB Ly, SREEIEL,ONBATIBERE CORRELRCT L L DR

5.1ICHT 2 RBBROBHE G52 5.

[$A05.1]  E#FEIEY— P ORIESEEBINT 2.

(HH052] &~ FOBRIEDPET 2E5HELERT 5.

(3 53] ERARER THIETRLBERT 5.
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T, Gl, G3IXEW™TEES — b, G2 i MMEHMHILY— FTH D, 72, b-e, e-g, f-gid
ERTTRERERE, a-e, c-f, d- fIXERAERE TS 5.
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COBITHEL P LI, HEIS1 ~54 Kito TREEZEIRLAZESIE, k&0
P HOBLEPRTE, o, FOBPRBELI LI TE S,

HUES2II/E LRI LT A PRI PVARORIIEEELRET5:01ICHNT
WwWah, E7, BEESIETA MRS MVEESZATETHLDICAVTVS, &8, #
#S3ICHEL, ROEBRES5Z 5. ’
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—HBETEYTHY — POANBEIIBNT, #0057 — P BERTEY— FETDAD
ESLTLOBIMESECTHIDOTRE . LA L, EES3IVERTERY - T
BANEY — IS TRBADOHEHFT A PRYIDE L & 5B V.

5.3.3 FARAMERTIVITY XA

FTAMERTVITYZALZODWTERD., KRLXTHWEFA VER 7O TS A1,
PODEM 7V T 9 X A EDW#BMEO T A VEK TS5 A% FEEL R LT
VWh, BEBIEICIE, PODEM 7V ) XAQBREBHOIINIC, DT VTY X LD—3
BIEZEM L7, DRFERIE, DIERUBEORMMIAE L7z, MY I 2 L — & 138580
BAYIab— b CEBLIHICEELAE., COTOTFAECEELHY, SUN4T—2
AF—var hiZEHLE.

BISATIZT A PRIEEO TN T) XL %KY, BLETIIHREY X P O, mEO
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procedure TPG-CT
/* TPG with counting the number of transitions */
begin
pre-processing;
val = number of objective transitions;
initialize all signal lines;
provoke fault simulation;
while given faults exist do begin
clear all signal values;
count = 0;
provoke consistency operation along a selected path;
while count < val do begin
generate a vector overlapping present vector;
I* provoke backirace for unjustified lines */
if TPG is success then begin
count += number of transitions;
if count == val then
break;
if count > val then
cancel present path;
select another path;
end
else begin
cancel present path;
select another path;
end
end
provoke fault simulation;
end
end;

517 FXMERTFILTV XL

T—HBELT). 0%, RELLESHRIT LB BHFLITVINEANELZRET
5, ZDLE, FAMBAFEGL TS BELBIELZWEEE, 8562, 207 A
R P VICEE S TRO R BB LT RMROBEL 1T . #ic, 2tE»E
BEZ B 7B G R RBRICGER L 2RI A DA L, BoRINT 2
B LTF A MEREAT) . BEEEBIGEL- L&, RBEISRREDNBAIES
MUCIXERICER LT A MRZ PV ER—ORBEZENUT, ZBOEE % BIELT
Wh, EEOHECK L, 10 BT GRR LRBASEY TR WO T A MK ¥k
L7258, COMBIHTA7A VERE—BITEI), oI OWTTF 2 MegkEsy
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S, BB, TAMERICIHEY I 2L —F2HALTWS. EEOHRBIHTEH7 X b
R MVHEER SR EE, TOFA MRS FVTHRET R ORI R L iR
Fab—FTRDOTNE, 0T, —HF A MEELITT - - HEY, HOKEDT X T
RZMIZEBHEY I 2L —T a vy TRIBER2 2 HIE, ZOMBEIRETELC LIC

5.

5.3.4 EBRER

K527 A P RFIOERFERERT. BEECOWEI 2207 A b7 P VHTOF —
MEDOBEEMEEEREL TV S, RAIROMIZERSNIT A FRFIE, $hbh, 7
AMRZPVEBERLTVS, 7AMRBKERT A M7 PVOBFELZWIRELE
1. RREBER, Sy 27 Py 2 10ETTR MEREZFY - 2iEE L 10 @EFTTF R
MEREREL, 20, BREETRoLKELERT. T, BBROWMI, ARICTIER
LIcFAVER 7O S ADBERE Lo/ F A MER IO T T AIC X o THEKE N2 5HR
BEDIDDT A MEROERELET. BEREEp IARICE VEH L7,

p = (1-(F A b ASBE M BE TR m H i 250 /i B 350 100 (5.3)

FTRTCOBKICHL, EREINF A FNRVGEZEOREEEMEL:. $4bb, X
TOFAMY FVHTOBNERMENIZIELNTFAPRVIZERTE. 2512, I

®52 FAMAOERER

— X1 FRE REE BEEEO
Dist® BREML FOR covm wm [ ~o ML

adder  23+2 9 0 0 100.0 9
74181 3614 52 4 10 96.1 88
cm880 167117 47 0 0 100.0 86
cm13556 191x19 63 0 137 92.3 137
0
7

cmi1908 329+33 72 79 97.2 165
cm2670 540154 41 258 94.1 478
cm3540 745x74 36 23 496 93.1 260

CCEEOTFAMERTAOT I LICLIBESEKICHT S
TAMERDOER
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B2 adder ¥ BV T, TEROFBHECHTETFA M FVEBUTHASN, &SR T X
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