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R e f e r e n c e s

O- rat ing co nd it ions. I n add i ti on , such a m odel ´ ho ldd inco rp o-

rate t he stat ist ical natu re of ox ide b reak d ow n . A stat ist ical m odel
fo r ox ide br eak down under constan t vo lt age str esses has been p ro-

p osed [ 1] , bu t a m ore use- l m odel is one under constant cu r ren t
su es es. T h is i s bc ause charge-to-b reak dow n can be m ore easi ly

o btained Rom T D D B (t im ed ep ndent d el¤ t r ic b reak down) data

under constan t cu rr en t str es s ì . I n add it ion , i t has bÄ n show n
exp r im ental ly that t he T D D B d istr ibu t ion is sharper With co n -

stan t o m ens , t hus d ow ing m ore p rc ise evaluat ion o f ox ide

b reak dow n ch ar acter ist ics [2] .

I n th is b t ter , a rel iable sta t ist ical m o del f o r ox ide break d ow n is
develo - d a d ex- m en tal ly con fu m ed - F ® t an int r insic b reak -

dow n m od el w h ich a n p red ict the in tr insic ox ide li fet im e at a

Ï ven Ct- Ten t dem ity is der ived . O x ide b reak dow n, how ever , is
usua l ly gover ned by defect -r elated ex tr insic e- c ts. T hese eff ect s

are inco rp oratd in to t he in tr insic m odel using the effect ive ox ide
th ick n ess r educt ion (A î ) [3], M w h ich al l the br eak down-causing

def. . are phen om eno logia l ly rep resen ted by the reduct ion in
ox ide th ick ness. F rom the cxp r im en tal ly deten tUncd A î r d ist r i-

bu t ion , it B show n m at t he T D D B of ox ides f o r any cu r ren t st ress

levels and m y ox ide areas can be ren- - p red icted .

f n f r M d c * r e a ý ± W H M a u - I t h Ä b Ä n s h o w n t h a t t h e o x i d e l i f e -

t i m e i s d e t e r m i n e d b y t h e t i m e r e q u i r e d f o r t h e h o l e i n f l o w i n t o

t h e o x i d e t o r e a c h a c e r t a i n c r i n d v a l u e [ 4 ] . n e i n d u c e d h o l e

d e n s i t y 8 i s p r o p o r t i o n a l t o J a - r , w h e r e J = / 4 E 2o r F O E - -Y i s t h e

FH O wñ lkÙewÄ rP -N ow rdd dd£ Ihk¢½ÇmedÜ ihmm1nmYn 1 ( FÂ L M c u r r e n t d e n s i t y w i t h c o n s t a n t s Å a n d B ;

a n d t h e e l Ä t r i c G e l d a c r o s s t h e o x i d e ï y a n d a Ä F H / E m i s t h e

h o l e - g e n e r a t i o n c o e f f i c i e n t w i t h a c o n s t a n t H . I n t h e r a n g e o f ï y

o f i n t e r e s t , E N c - T e n t B d o m i n a t e d b y t h e e x p o n e n t i a l t e m , a n d

£ e i n n - n Ä o f t h e F . t e m c a n b e i g p r e d . m e n

QP X e- (B+ H)/ Em . z = (e- B/ Eox )1+H/ B . t (1)

From eqn. 1, t ime-to-breakdown × Î has the following current
density dep t1denÄ :

t B D X (1/ J ) 1+ H/ B o r ln ( t BD ) = h Id u n + h (2 )

w here Al = 1+ (H B ) and h is a co nstan t . T his exp l ici t ly show s the

linear relat ionsh ip betw a t ln× Î a d h ( 1¤ that has k en show n
exR HIne n - - [5, Ì bu t no t analy t ical - . I f f -D at one cu r ren t den-

sit y , and the num er ical v alue o f Al w e k n ow n , the above m odel

can p redict the ox ide l i fet im e at any o ther c- Tent densit ies. T he

v alue o f Al w as exp r im en tal ly determ ined by m easur ing in tr insic
%DS o f 110 A tu ck , p -t® É M 0 S capacit or s at five d it - ren t cu rr ent

densit ies o f 7O, 1M , 2M , 5M , a d M P mA n d - F ig. 1 show s the
resu lt ing f -D dem u - ¦ on ( 1/ï . C lear ly , 1n ( f² and Id u n have

a 1inc¤ relat ionsh ip and R om the slop of the l ine, Al is est im ated
to be 12 74 . T o con f - m the aÄ ur acy o f th is ç est im at ion , F -N

cu - ens were rncast- ed f or thc M m e M 0 S capacito rs, and fr om

£ is 320 .8 M V /a n was obtained f o r the v alue o f B . T h is, along

M £ the rep or ted v alue o f 82 M V /q n f or H Ì , í ves AI of 12 56,

conf irm ing t he aÄ uraq o f our Al est im at ion .
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A new breakdown model for gate oxides under constant a ment
stresses B proposed, which dr a t- relates the oxide l ifetime to the
st- s current density m d md udÄ £ e statistical nature of oxide
breakdown using the d a tive oxide thickness. I t is shown that
this model a n reliably prd ict the TD D B of oxides for any
Cuma n stress levels and oxide ara -

f n frM ad on-- T he im p or tance o f gate ox ide rel iab£ ty canno t be

overem phasised - A s gate ox ides get t hinner and th inner , m e-

b reak dow n bÄ Oft- s one of the dom inant fUd os that determ ine

y ield and rel iab i l ity of M O S circu s . A rel iable ox ide b reak dow n

m odel i s needed that can prcd ict the ox ide l ifet im e undo no rm al

E L E C T R O N fC S L E T T E R S 2 OM J u n e 79 9 6 V o f . 3 2

D ap er- -eb red break ± V-J- m o- f.- n e m odel der ived above is not

su ff icien t f o r p red ict in g the ox ide l ifet im e in real cases, Ä i t does

N o . 73 12 4 1



¾ n ot include MIl t- nÄ s of var ious ox ide def- B w hich can su bstan -

t ial ly sh or ten t he ox ide l i fet im e. O ne sim p le so lu t ion is using t he

- eff c t ive ox ide th ick ness m ethod , wh ich regards t he inn u- - e o f
any li fet im e-shor ten ing def c ts Ä the r educt ion of t he ox ide tu ck -

ness that causes t he m e m ou n t o f l i fet im e reduct ion [3] .

I f f-D f is denned the in t r insic l i fet im e o f ox ide w it h t ick ns s î x
at a ú vcn cu r ren t density 4 and f ¯m Ä t he def- t-related li fet im e

or the l ifet im e of gate ox ide M th a Ä ú o n w ho- th ick ness is 7%
= Ì s A î , t hen usin g q n . 2,

w Ä uscd fo r our est im at ion . T he m easu red T D D B fo r ox ides M th
arm of 12, 1OM and 42d P fIrn2 under t he st ress cu r¤ n t density o f

l M m A /O- , and the resu lts of p red ict ion fr om eV IS- 4 and 5 using

the ex ponen t ial Gt f o r õ A î J arc show n m F ig . 2. T he ag reem en t

dc reases f or larger ox ides, bu t consider ing t he d iff erence m sises

betwÄ n 12 and 42d U LIftF such d isag ea nen t m ay no t be g vere at
au . C lear ly , th is show s t hat w it h our app roach , T D D B u nder con-

stan t cur rent st resses fo r ox ides w it h arb it rary g a s can be relia-

b ly p r cd icted -

h (tBD,f) - ln(ó D) = h h (J /̄ J) (3)

where J , is t he local cu rren t densi ty m the Ä ú on Ì £ ¸ . . I n eqn .
3, J a d J , ar e b oth E N cu- - n den sit ies a d , again ip o r ing m e

¯ ¦ dependenÄ , p ropor tional to F W& x and F U r a , resp c Ove- ,
w here E £̄ i s the local el¤ t¤ Geld co rr esp ond ing to J ¯. A s E x a d

E £̄ ar e equal t o Y. T. a d Yä /( Tm¸ 4 T. ) , resp d ive- , w here %.

is the mi tMl v oltage ap p l ied t o ox ides du r ing th e constan t cu r ren t

st - SS, A T. can k exp ressed Ä

On¤- ,f) - ln(² )] ¤E¶ ¤É
* T O£ .X - x (° 4Ü

)

h B

Em at any st ress cu rrent densit y can be easil y ob tained f rom
m easu red I -V character ist ics o f ox ides, an d t h is along w it h %m
determ ined n om eqn . 3 d ow s the deter m inati on of A T. d ist r ibu-

t ion f rom TD D B d ata . F u r therm ore, onÄ A T. d ist r ibu t ion is
kn ow n , T D D B at m y o ther st ress cur ren t densit ies can k p re-

d Ë u d u s i n g e q n . 4 .

¯1 OÌ
. ¤ ¤

Conefw ion -- I t has been show n that a sim p le stat istical m odel fo r

gate ox ide break dow n un der constan t cu r ren t stresses, along w i th

el f - t ive ox ide t hick - ss, can rel iab ly p red ict T D D B character ist ics

fo r any cu r ren t st ress levels and ox ide areas.
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Fig. 2 M easured TD D B and rendu q° redid - ±

V , A , sol id l ines: fo r d i ff erent cur rent densit ies of 5O, 100 and
l oomA/CIt¤ for 42000pm 2 oxides
O , ¢ L O , dot ted l ines: for d iff erent ox ide areas of 12, l 0OO and 42000
wn2 at l oomA /Ctr¤
Shapes: measured, l ines: predicted
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