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Abstract

The e�ect of def ects withi n a si ngle cel l of a stati c random access memory (SRAM) i s

exami ned. Al l major types of f aul ts, i ncl udi ng bri dgi ng, transi stor stuck-open and stuck-on,

are exami ned. Asi gni �cant f racti on of al l f aul ts cause hi gh IDDQ val ues to be observed.

Faul ts l eadi ng to i nter-cel l coupl i ng are i denti �ed.

1 Introduct i on

Wi th the i ncrease of cel l densi ty, not onl y does the probabi l i ty of memory f ai l ures i ncrease,

but the nature of the f ai l ure modes becomes more compl exand subtl e [1 , 2]. ManyRAMtest

al gori thms based on di �erent f aul t model s have been proposed. Acti veness of test al gori thms

depends on the accuracy of the f aul t model , whi ch i s used to represent the physi cal f ai l ures

[ 2, 3] . Awi del y used f aul t model f or RAMdevi ces was proposed by Nai r et. al [ 4 ] . In thi s

model , def ects i n the address decoder and the Read/Wri te l ogi c are mappedonto f uncti onal l y

equi val ent f aul ts i n the memory array. The advantage of thi s model i s that al l the f aul ts can

be consi dered to be stuck-at-0/1 i n the memoryarray, wi th the addi ti on of of state transi ti on

f aul ts and data retenti on f aul ts. Test al gori thms f or SRAMs, based on physi cal spot def ects,



whi ch are model ed as l ocal di sturbances i n the l ayout of an SRAMcel l and transl ated to

def ects i n the correspondi ng transi stor di agram, have been proposed.

In thi s paper, we exami ne f aul t model s f or the SRAMcel l at the transi stor l evel . We

consi der both f uncti onal and IDDQmoni tori ng. Al l maj or transi stor f aul ts are consi dered

assumi ng hard shorts f or the bri dgi ng f aul ts.

2 Faul ts i n Regi ster Storage El ements

Recent studi es have shown that the tradi ti onal stuck-at f aul t model i s i nsu�ci ent f or model -

i ng f aul ts i n storage el ements. Ref erence [ 2] shows that a si gni �cant f racti on of f aul ts cannot

be model ed as i nput/output stuck-at-0/1 f or el ementary regi ster storage el ements. Consi der

f or exampl e, the transmi ssi on-gate l atch i n Fi gure 1. Some f aul ts cause the cel l to exhi bi t

data-feed- t hrough behavi or, i . e. the i nput data D orD i s propagated to the output. Other

f aul ts cause the cel l to exhi bi t clock- f eed- t hrough, i . e CLK orCLK i s propagated to the

output. These e�ects are di scussed i n [ 5] shows i n detai l . Besi des the f eed- t hrough behav-

i ors, some f aul ts cause l ogi c non- retenti on probl ems, al ways (NR) or condi ti onal l y (CNR).

Thi s means that cel l works properl y i n the transparent phase, but not i n the l atchi ng phase.

Indeterminate f aul ts are regarded to be parametri c because they can be detected onl y by

moni tori ng the qui escent suppl y current (IDDQ). Tabl e 2 summeri zes the f aul ty behavi or of

the cel l i n Fi gure 1.
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Fi gure 1: The transmi ssi on gate l atch
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Tabl e 1: Behavi or of the transmi ssi on-gate l atch

Behavior % of testable f aul ts

stuck-at 45%

Feed-through 18%

NR/CNR 9%

Complex behavior 2%

Faul t-free wi th del ay 10%

Parametri c 16%

Detai l ed Exami nat i on of t e SRAMCel l

The stati c cel l s used i nmemorychi ps al so use f eedback to retai n the l atchedsi gnal . However

a newl ogi cal val ue i s f orced i n usi ng a hi gher strength si gnal on the bi t orbit, rather than

gati ng i t i n usi ng a cl ock si gnal .

The common CMOS SRAMcel l i s shown i n Fi gure 2. Two pMOS transi stors are used

as pul l -up l oads f or the bi t and b i tl i nes. The pul l -down transi stors of the cross- coupl ed

i nverters are chosen to be two or three times wi der than the pass transi stor i n order to

avoi d charge shari ng duri ng read operati on. The two pul l -up transi stors of the i nverters have

mi nimumsi ze to retai n charge l ost due to l eakage current [ 6 ] . Al though thi s cel l i s a storage

el ement, the observati ons gi veni n [ 3] f or the f aul t anal ysi s of the el ementary storage el ements

cannot be appl i ed f or SRAMcel l s. Thi s i s because the SRAMi s a symmetri c structure wi th

compl imentary bi di recti onal i nputs/outputs and the cel l i s onl y i ndi rectl y observabl e vi a the

read ci rcui try. Here we consi der al l possi bl e transi stors stuck-on, stuck-open and bri dgi ng

f aul ts. Behavi or of the cel l under stuck-on/open f aul ts i s gi ven i n tabl e 2. The resul ts

presented depend on the transi stor si zi ng and the read ci rcui try. `I' corresponds to IDDQ

testabl e and ` i ' corresponds to i ndetermi nate behavi or, whi chdepends on the si gnal strength.

Possi bl e i nter-cel l coupl i ng i s i ndi cated usi ng the cx notati on. For exampl e ` cb' corresponds

coupl i ng i nvol vi ng the bi t l i ne. In the tabl e, ` b' , `b' , and `w' correspond to bi t, b i t, and word

l i nes. The cel l i s sai d to be stuck-at, when the cel l provi des the same l ogi c val ue when read.
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Fi gure 2: The SRAMcel l

Tabl e 2: Behavi or of the SRAMcel l under Stuck-on/open f aul ts

Transi stor Stuck-on Stuck- open

bi t� bit
�

bi t� bit
�

1 � � NR1 L S 1

2 faul t-free faul t-free

3 L S 1 I L S 0

4 faul t-free faul t-free

5 L S 0 I L S 1

6 � � NR0 cb L S 0

Consi der stuck-open f aul t i n transi stor 1. Thi s f aul t i sol ates node f romthe bi t l i ne.

The writ e operati on i s not a�ected because of the si gnal recei ved f rom b i t. Duri ng the

read operati on, the bi t l i ne i s pul l ed-up, whi l e theb i tf uncti ons properl y. Thi s suggest that

observi ng thi s f aul t depends on the read ci rcui try of the sense ampl i �er. If the desi gn i s

such that the ci rcui t responds to the vari ati ons i n bi t l i ne f aster than that of theb i t, then

thi s f aul t appears as stuck-at-1. The sense apml i �er may cause hi gh IDDQwhen both bi t

and b i tsi gnal are 1. Simi l arl y stuck-open f aul t i n transi stor 6 can be model ed as stuck-at-0.

Stuck-on f aul t i n transi stor 1 connects the bi t l i ne wi th node . The behavi or of the f aul t

i s dependent on the l ogi c val ue of node and the rel ati ve strengths of the si gnal s and i s

thus termed i ndetermi nate. Thi s f aul t can cause coupl i ng between thi s cel l and other cel l s

through the bi t l i ne (cb). The same i s true f or the stuck-on f aul t i n transi stor 6. Stuck-open

f aul ts i n transi stors 2 and 4 cannot a�ect the f uncti onal behavi or of the cel l . Stuck-on f aul ts

i n transi stors 3 and 5, not onl y change the f uncti onal behavi or, but cause i ncrease i n IDDQ

due to the path between dd and ss when the f aul t i s acti vated.
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The behavi or of the cel l under al l possi bl e shorts i s al so exami ned. Resul ts i n Tabl e

2 showthat most f aul ts change the f uncti onal behavi or wi th i ncrease i n IDDQduri ng the

wri t e cycl e. Some shorts causi ng the cel l to be stuck-at may be dependent on the transi stor

dimensi ons. Shorts i nvol vi ng power nodes dd and ss Wi theach and nodes can enhance

the IDDQdrawn by the cel l .

Tabl e 3: Behavi or of the SRAMcel l under possi bl e i ntra-cel l def ects

1st . no e 2n . no e bi t� bit
�

ect

ss word R I wor unaccessa e

bi t L S 0 I ne ow

bit L S 1 I ne ow

dd word � � NR0/1 I wor a wa s accesse

bi t L S 1 I ne

bit L S 0 I ne

word bi t L S 1 I cbw

bit L S 0 I cbw

bi t bit � � R I cbb

dd L S 1

ss L S 0

L L R I

word R I cw

bi t � � NR1 cb

dd L S 0

ss L S 1

word R I cw

bit � � NR0 cb

Concl usi ons

In thi s paper, we present a detai l ed exami nati on of the SRAMcel l . The resul ts showthat

a l arge f racti on of f aul ts cause i ncrease i n IDDQ, whi ch suggests that current testi ng can

be very e�ecti ve f or SRAMs [ ] . Some f aul ts may not be detected wi thout usi ng IDDQ

moni tori ng. The cost of testi ng can be reduced by desi gni ng the memory array f or hi gh

current testabi l i ty. The resul ts presented here can be extracted by consi deri ng def ects that

a�ect mul ti pl e cel l s. si ng i nducti ve f aul t anal ysi s, or usi ng i ndustri al data f romactual
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f aul ty chi ps, probabi l i ti es can be assi gned to di �erent f ai l ure modes. Thi s can be used f or

optimi zati on of test strategi es.
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