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A * reqM m--, mode, qU a- £u dcs under cong anf cw renf d resses B proposed, wh c* d reeé rd a gs

me oU de fgem - ¤ me stress cw ren® dens- , and md udeB u m f- af m U re qf on de breakdown ud ng

me qÂ d ve oU d- m ch ess- ± is shown ¤ d ¹ B mode, can reOably pred¤ ´ ¹ e TDD B M orad a -- ° °

´ r any cw renf d r ess feve* aM on de area -

N T RO D U C H ON

~

T hc i m P ru t- c of gate ox i dc M iam i - cannot k ovcru np lu g - d . A s gatc ox idcs gct t hi nner M d

thi nner , thei r brca dow n bccomes one of the dom i nant factor s that dcta t tune y icl d and rel iau n ty of

M O S c i rcu i ts. A rcl i ab le oU dc b reak dow n m d cl i s nccdcd t hat can p rcd¤ t the ox ide l i fCHIne under thc

nom a o- rat ing cond o m s - In add i t ion , such a 111d cl shod d inc¤ p rate t hc stat ist ical natu re of ox i de

brca dow n - A sta ti st i ca1 m d c l for ox ide b rca dow n under thc cord ant vo l tage a rcs- s ha k cn

prop scd ¹ , but a m ore US M m d el i s one under the constan t cur¤ m stresses. T hi s i s bc ats c char - -

to -- ca dow n Ä n k more casi ly obtu nd f rom TD D a u ntcd cpO lden t d ia m ¤ bra k dow n) data u nder

thc constan t cu r- nt su Ä Ä s[2] . In add it ion , h ha k cn show n cxp r i m en tal l y that the TD D B

d ist r ibu ti on i s slu rË r w i th constan t a u ro us thus al low i ng morc p rec i sc cv aluati on of ox i de b reak dow n

char- - n sUcO l . D a d op t- a rel i ab le stat i sti cal m d el fbr ox ide b rca dow n u ndo - thc constant

cu r¤ m st resscs i s the goal of th i s pa. r .

I n t h is pap r , m i nt ri nsic break dow n m ode1 i s der¤ ° n s t w hich can p rcd ¤ t £ e i Im i m ic ox i de

l i f eti m e at a g iven cur¤ nt dem i - - O x ide b rca dow n, Io w a - , i s usual ly gow n - d by dcfeCH ela- d

g u m s- C. C ¤ - T hcsc eHc ts are i ncorp rated i n to the i ntr i nsic m odel u sing the eHÄ Uve ox i de

thi ck - ss rd ucn om a - x ) [3] , i n w h ich d l the b reak dow n-causing dd ¤ - arc phc nom end o× a l ly

rcp rCSCI¤ d by the rcduct i on in ox i de duch e ss- F rom thc cx pcrUng ual - dcto m b- d AT o x
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distr ibution, it is shown that TDDB distr¤ ®mots for any current stresscs and any oxide areas can be

reli - - prcdicta

II . N TRINSE BREAKDOWN MODEL

I t has bccn shown mat the oxide l ifetime is dd o mitted by the t ime rq ui- d for the hole inf1ow into

oxi de to rcach a certain cd na M um - n e induÄ d ho1e densi- , Qp, i s proportional to J -a -r , where
J = ,4E 2or e- - Eor is the Fowler-Nora tei m¿ -M current densi - w ith constants A and B, and the

d ec¤ ic ne1d across the oxide, Eo x , a d a Ä e- H/Eq is the hole-generation cÄ m d ent M m a constant

H . In the ra ge of Eo x of interest, F-N a u - nt is da tum - d by £ e e0 0tu tti - tcr¤xn, m d conscquern- ,

E2o x tem can k ignorcd. Them

Qp Ä e- (B+H)Æ f = ( e- B& ) l+WB
n u/ , ® ¢

f

From Eq. 1, time- -bra kdown(tBD) ha the fol lowing c- rent dem i- dCÁ fd - - e:
/ -¢

r-D Ä (1/ J )1+H/B or ln(fBD) = ç h (1/ J ) + *2 ( 2 )

w here k 1= 1+ GUB ) M d K2 i s a con stant . T hi s exM ich . show s t he l i near relat ionsh ip betwÄ n 1n (tB D )

and l n ( 1Ç £ ì has k en show n exË ri ma m- [5] , [6] . H tB D at one cu rrent densi - M d t he nu m en a 1

v a1ue of k 1 are k now n , th e above m odel can pr edi ct the ox ide 1ifa i n - at m y oth er a u - nt da mi ti es- T he

v alue of k 1 W8 exË r im ental - deter mi ned £ m casw ing in t r i nsic tB D s̄ of 110A £ i ck , p -U * M O S

capaci to rs at f i ve diHero n cur ¤ nt da mi t ies of 70, 100 , 200, 500 , and 1000 m A / cm 2.

/ (
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Fig. 1. hm im ic oUdc tBD s̄ under cons¤ m cur¤ nt su ess s.

I n ordcr to ens u e i turns - brca down a d not dcfC H elatd breakdown, capacitors wi£ £ c sma1l

a Ä ( 12p n2) werc uscd a d thc larc st tBD W8 S lc tcd n om 10 to 20 a mp s - Fig. 1 shows £ C

Ma m - tBD deP In a - e on ( 1/D. O a r - , l n(tBD) a d ln( 1/D havc a 1ina r Ä lanonsMp m d Hom me

slop of the 1mc, k 1 is csUmmed to k 12 74. h ordcr to conf¤ m the acct-rag of uns k 1 esUmm on, F-N

cur¤ nts wcrc Incasured for the a ne M 0 S capaci tors a d n om £ is, 320.8 M W cm wÄ obtaincd for me

value of B . Thi s, d ong m m the Ä portd val . £f 82 M V/cm for H [7] , givcs k 1 of 12 56, Ä m m Ung mc

accurag of our k 1 ca in- non.

CURRENT-DEN SITY DEPEN DENCEI I I -

T he m odel der¤ cd a- ve i s no t suIn d en t fo r prd ict i ng thc ox ide M a i m c i n r cal Ä Ä s Ä i t dÄ s not

inch½dc m e i nn u- - es of v ar i ous ox i de defbcts, w hich can substant ial - shor ten t he ox ide M eUme. 0 nc

sim p le so lut ion i s usi ng t he CHa t - e ox idc th ick - ss m ethod , w h ich rcga ds £ C i M 1ucnce of any

Hfa n ned - rt cni ng dcfÄ ts Ä thc rcduct- n of the ox ide t h i ck ncss that cats c £ e San - am ount of l HeUme

rd ucUon [3] , a d i s schem at i c cm 1anat ion i s show n i n F ig . 2 .
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T -o x

TSubstrate T

Fig. 2. Scho naHc cxplanation * r cHbd ive oxidc thinni ng.

H tBD ,I is denned the intr insic l ifa i n- of oxide wi th thick - ss To x at a given current densi- J, and

t B̄D the dcfbct¤-d ated 1ifeoff- or £ e 1i fa in- of gatc oxide with a rcOon whose thickness i s

T o x =To x -ATo x , then using Eq. 2,

lnO. D.r ) - ln( fBD ) = ç ln(J ¯/ J ) ( 3 )

w I- - J i s t he local cu r¤ nt densi - i n the rc¢ on w i th T o x . I n Eq . 3, J and J, are both F -N cur ren t

dcnsh ies and, again ignor i ng the E 2o x dcp ru - - c, p roport ional to e- WEar and e - WP m , resË d iv e- ,

w here E ō x i s thc l Ä al elect r i c f ield con esp nd i ng to J .̄ A s E o x and E ō x equal V o x ± o x and

V o x /õ o x -AT o x ) , respect iv e- , w here V o x i s t he i ni ti al v o1tage app l ied to ox ides u nder the constan t

cu r ren t st ress, A T o x can be exp resscd as

( 4 )

Eo x at any st ress cu rrent dens - Ä n be casi ly obtai ned f rom mcast- cd I -V character i st i cs of ox i des

and th is along w i th tB D ,I Predictd usi ng £ . 3 a1low s m e dcterm i nat ion of AT o x d i str ibut i on f rom the

T D D B dam - F ur therm ore, once AT o x d ist r ibut ion i s k now n , £ e T D D B at any othcr d ress cu r rent

dcm in es Ä n k p red ictcd using E q . 4 .

T he accuracy of the above HId el w as eval umcd by compar ing the resu l ts of p redict ion bascd on the

1110dc1 w i th those of acnml m easura no u s- Fi g . 3 show s t he m cast- d TD D B n om 1 10A tu ck , p 0 Ë

M O S capaci tors w i th the area of 42000FLIt12 as wcl l as £ C resul ts of p rcd ict ion - For the m eaSura t- n t , 20
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San- lcs for each cu rrent st rcss l cvcl w ere random- sd ¤ - d n om a w afcr , and thci r t -B D -s w cre

m cast- cd m d the ra n t i ng cum u lativ e f ai lure p ra na- w a ob taincd . For th e p r cdi ct ion, AT o x

d ist r ibu t ion w as obtaincd n om the m cast- d TD D B at the stress cur ¤ nt densi - of 100 m A /cm 2, M d

c d t o p rcd¤ t TD D B at 50 a d 500 m A /cm 2. A s a n k S n f rom thc n - r e, the p redi ct ion ag rccs w cl l

w i th t hc actual m easure- - nt i ndicat ing the Vau dú of our-approach . T he sl ight d isagr ea t- nt i s bel - - d

duc t o not su g - - n t San- lc rmo da s-

Oxidc arca = 42000 pm2

4 -

.
.

(S) O»¢¼¼ d» OÒ ýý g=u

. -

- - - : rcsuns of prcdiction |
* :500 mA/cm2 ¤ :100 mA/cm2 v :5O mA/cm2 |

100 , , l , , l
101 102 1@

tBD (scc)

Fig. 3 . M casurd o utm an- faut-re of on dcs undo din g o H cur¤ nt strcss s and £ C rcaUts of

prcdiction-

I V . AREA DEPENDENCE

In ordcr to O ahu - dcpd u ct- c of thc oxide l i fa in- on the oxidc a a , £ C dcf cct do tsiU

distribution should k known. The clunula- c fai lure * rca Mas , or the a nnum - c prob¤ i l iu mat

oxidc brca down Ä curs k fore t B̄D, P(t B̄D), Ä n k cxprcsscd as

~

( 5 )P (f āD ) = 1 -
[ 1 + A ¤D ( A% x ) ¤S] lB

whcre A is the oxide arca, D(ATo x ), me o utm an- a Ä do tsiU of on dc dcfc t con c. £nding to t B̄D ,

and S, £ e cluster ing factor - ] . t B̄D of m oxide wi th ATo x Ä n k dcta mi l- d f rom Eq. 4 M d iB

OUtm an- failure p rco ttage a n k da m n- d n om £ . 5 U D(4To x ) is known. In omer words, from
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E q. 4 and E q . 5 . thc T D D B f or arb i tr ary ox i dc arcas a n k deta m i ned i f D (AT o x ) i s k now n . I n order

to ven - th is under thc constan t cu rren t st res- s, thc T D D B fb r lu ge ox ides( 1000 and 42000p m ¬ w ere

me d ic- d usi ng D (A T o P est i m ated n om the gna t- d TD D B data of sm al l ox i des ( 14 4111% a d

COlt- arcd w i th the actual m ea$ 110 110 18 . F or th i s, the TD D B data wcre m easured n om 1 10A d u ck , p

U pe M O S capaci tor s m m the arca of M ILIt. undo the a - ss cu r¤ n t dem i t - s of 70 , 100 , 200 , 500 , and

1000 m A /CIt. , and f rom the data m em D (AT o x ) w as est i n- - d using q . 5. T hc v alue of 0 .65 f or S

w as uscd f or ou r esti m ati on but £ e ea ct v al ue of S was b und not to grcat ly d Yc t ou r Hna1 resul ts.

Fig. 4. M easured cumulative are da m o of defÄ N ATo x ) for 12FLEY- oxides a a n1m uon M AT-£ x

M d the k st cxp nentia1 Gt.

F ig . 4 show s t he exp rUng ual - Obtu nd D (AT o P as a n xm u on of AT o x and the best cn n nen tia1

m . T D D B under t he stress cur¤ m dem i - of 100 m A / cm 2 fo r largcr oU dcs p rcd ictcd n om Eq . 5 ts i ng

the exp nen ti al Gt f or D (AT o x ) i s show n i n F ig . 5 a w cl I a the resul ts of ac tua1 m easurements. For 12

BIt t2 ox ides, t he agrÄ ment bc tw Ä n prcdi ct ion and mcan n o t- nt i s, as exp ctcd , v ery ga d si t- c D (A

T o x ) U- d fbr predi cti on i s obtu nd f rom the San- dau . T hc agrÄ m cnt gcts w orsc for l arger ox ides,

but consider i ng thc d ig . -cncc i n sizcs k m ¤ - 1 12 and 4m ou lt- such d isau ce r- n t m ay not bc e v e-

at al l . C lear ly , tM s show s £ at m m our app roach TD D B undo £ C Ä nstam cu rrent su ess s fo r gate

ox idcs hav i ng am i - au g a s can k rel iab ly predi cted .

, - ¢
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(S) 0H©û» Oµú Äú ¢̈U

tBD (scc)

Fig. 5. M cast- ed cumulative fai lure of on dcs m m diHero n g a s a d the rcsd B of pred cHon-

C O N C L U S I ONV .

It has k cn shown £ at a simplc sa un a 1 md cl for gate oxide breakdown undcr £ C consu nt cur¤ nt

strcsÄ s d ong with thc eV- 1- c oxidc £ icb 1css a n rClu b- prcdictcd thc TDDB char- - n sUcs for any

arbi trary cur¤ nt strcss lg els a d oxi dc g a s-
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