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I' Introduction and Vgsd)V. Nole that the dominant lcakage currcnt at thc
. The reduction of drain leakage cxnent at zero vgs has measuirement bias is I1,q1. For ihe purpose of comparison,becl a ma.ior concem in CMOS device scaling. Hor janicr th" 4l1s in rt c t*o dcvicqs arc normalizsl to havc thc samc(HC) stress induced.drain teakage 

^c,uncnr _dclrartarion- has .-oniil poin, in Fig. 3. Th" 30A ;;;;; dcvicc shows ar€ceived much aueodon rcccntlv ll-31. Thc Hcsfcss cffccts pJ*"i ru* dcgradalion rale in thc enlirc sx.css pcrmd. Thcon drain lcakage curent are iwbfold, intcrface trap (NiJ fiJJi r""ro. ii.tou 0.a, which rcfl-ccrs rhc t,t;1 growth rarc.generation and fixed oxide ctnrge (Qo) crearion. Nir.can il; h_l;rh;53A 
"_rOi, 

O'"""i, i"-iir, exhibirs a two_

hTir:qili.i:ff ;*i1iffi :Lffiil**i:f:";i:*"l;r,xlft it"r;,imi:r.iJrki.)ill;cunent (IrF) and Shockley-Read-Hall generation .current ;;;;1""r". In the second sragc, eox creation bccomcs(I5x")' The closed-form expressiors for, thcse leakage iit"t*", 
""0 

1111 shows an acccrcralcd degradalion. Thccunents wcre dcrived in our nrevious ::\l]ft,19 -"* roJ"i"l r"*ro from Eqs.(lr) and (r3) arc shown by rhcshown in Table l. The Q,r, ctfect on- drain .leak-age ;iid i,"* in the figure. The exracled eor powcr factor isdegradation is rhrough rie modificarion of g:^li.:"{"!: 
"i""r'b.Zr. 

Ir should be emphasized rhal allhough thc two
fl:th3:rtily;lt"*TSiflio"iio: ctarge results in an iiiil", r,""" the same.iniriat desradarion rar€, rhe drain

ro{lntrHf k.":m,s:i',l;''l*,1*nrrh"['lifri:f [{fi*lrr{,:#*"**;.;
"ff ffrr#rt*****i$:,,j:lttl*rlTiFHi*f 

i;iHldt{111il*1['lf htvries wilh a gate oxide thickness
oxides (to"<40A), Qo, generation is ncgligible bccause ;::.
lrapped oxide charge can easily esc
work, we intend .. compare,," fiEJfi*1dllil't'LT li.l,'1::'iffi1."""'rTJ:;i"lljjjl'*Tljllli#"#*3.:;
leakage curent degradation characrcristi"r i" "-vOiftil 

due to a small amounl ofposilive oride chargc (or intcrfacc
with different oxidJrhicknesses,

2. Device Characterization incrcascs draslically. The enhancement ot thc IBn is wcll
The. test devices are 0.35pm n-MOSFET'S with fiued by Eq.(12) wirh n2=0.25 (sotid line in fig. +;.

source/drain extension. The sal€ oxide thickncsses are 53A, Furthermore, our modcl shows ftat IBB and IrAT exhibit a40A and 30A. the gare widrh is l00pm. ff," 0."i.., ,rJ liur'A-ip.nO"n.". The dcgradation rates arc worscncd at asubject 1o maximum subslrate cuncnt strcss al v8s=2v and so;ti"iru.ru." ri.ro. ro i"iiry our'.no"r, *" mcasurc urcvas=4'5v. The pre-srress and post-srress l,1-vri in a 40A t"" ai rttree oiffcrcnt biases,'vas=i.iv,' z.ov, 2.5V anrtoxide device q9 slo-Yl in Fig'I. Various driin.lcakagc vir=-lv. The rcsuli is shown in Fi!. i. apparenrly, rhccomponen$ at Vps=0V in thc strcsscd dcvicc are shownln Isi-dcgradarion at Vds=1.5V is mosiscrious, as cxpcctedFig. 2. Is is the &;in-to-source subrhrcshotd lcakagc currcnr ilJ," ii" modcl. Finally, we would like ro mcntion that 6cAId is the stress induced leakage current oblainca from the degradation itraiac,*itii"r- r"-irr" i'oA 
"o"i.l" 

dcvice arcdifference bctween the pre-sress and posl-srress cunents. In siriilar r.,o ttrose in ttrc aaiA ;-id";;";' '
calculation, \1 is 1.4x10126m-2 and AL is 400A to lit rhc
mcasured data- The dominanl leakage mechanism in differcnl 4. Conclusion
ranges of Vds is also indicated in tlrc figure. For cxamplc, Wc have obscrvcd a strong oxidc thickncss dcpcndcncc of
tlre dominant leakage currcnt is Ins for Va"23.lV, Irrr for hot carrier slrcss induced drain leakagc dcgradaiion in rhin-
3.lV>V6">1.8V and so tonh. Since Inn is alfcc1aa oni" Uu oxidc n-MOSFET's. In ullra-thin oxidc (30A) dcviccs, rhc
Qo, while 11,11 is influcnccd by borh N;1 and e.,, ,r".un drain lcakagc dcgradation is attribulcd moslly 10 intcrfacc
characterize rhiNlandeo,induceddcg.ia",i*r?p*rr"ry lfl.ffiffffiilt##'*fffir.;'#J'""fl$"itrffii;lby mcasuring Is3 and I1'r. 

using a rnrnncr gatc oxldc (<40A), thc hot carricr slrcss
3. Results and Discussion induccd drain lekage dcgradation can bc much imprcvcd.

The drain leakage desradation in rwo diftercnt oridc lllT. Wang ct al., /E EF. T_ED, yot.42,p.738, 1995thickness (304 and 
-53A) -rlcviccs 

is mcasurcd ar Vds=z.sv iii i. ir.1n^", 
", " 
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Fig.l Pre-stress and post-stress ld-Vgs . Stress time is 3000 sec.

Table. I Mechanisms of hot carrier s6ess induced drain leakage

current degradation. Te and Th in Eqs. (l-4) denote electron alld

hole tunneling rates t3J.Ge and Gh represent elcctron and hole

thermionic emission ral.es. AL is the length of the Nit region.

Bit in Eq. (6) is delined in IlJ. E is the Si surface field.

(a) Nir -assisted drain leakage currents

rrn <'wJoL 
lu"nag"p 

N*ffi dE dx (1)

"**lorlo"nor"oN"ffiat Q)

k'{ollt"nog"pN'ffia" (3)

A la=t..*,,1J'n+l'nt{a' 
Ib"nag.n 

Ni,(G"+T")dt ck (4)

(b) Qox induced drairt leakage degradation

Ins* Eexp(-B/E) (5)

Irnrc Nitexp(-B it/E) Gef[l]) (6)

Iss(QoJ - Ien(0)exp(a"uQo*) (Reft7l) (7)

Itm{Q"*) - Irnt(0)exp(crrrrQ'J (8)

cren=B/(€ riEz) crrer=Bi/(e riE2)

(c) stress time dependence

Nit=Atf t Q"x=A2f2

(i) Nir dominant

Ins(t) - constsllt

Irnr{| o" Nit oc ft
(ii) Qox dominant

Inn(t) oc exp(oorAzf')

Ir,*t(D o< exp(otntAzf ')
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Fig.Z Various drain leakage current components at Vgs=0V.

The dominant drain leakage current in diffcrent ranges of Vds

is indicated.
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ln(I) * too(Pq. (t3)

'"rft"J
1st stage

I ". to'n(Eq. (11))

\ *1- carc.a I ohx=30A.
Ni, | ;;;=;;Almeas'

o to'=304 -l meas.o tox=53A J
calc.

o

ln(I) * to"1eq.1tZP

I - constant (Eq. (10))
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Fig.4 Stress time dcpcndcnces of the Inn

mcasured at Vds=I.5V and Vgs=-3.OV itt

30A oxide and 53A oxide n-MOSFETs.

o V*=1.5V
Vgs= -3.0V a Vot=2.OV
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Fig. 5 Thc Inn mcasurcd at thrcc diffcrcttt
biases, Vds=l.5V, 2.0V, 2.5V and

Vgs=-3.0V in the 53A n-MOSFET.
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Fig. 3 Suess time dependences of thc Irnr
measured at Vds=2.5V and Vgs=OV in 30A
oxide and 53A oxicle devices. The two lrar's

are norrnalized to have thc same initial valuc,

rr)l (tI) l0)

(I): Ins (I[): Irer
(III): Irn (IV): Isnn

alo @q. (a))

Ins (Eq. (5))

- 

filgas.
o calc.
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