METHOD OF FABRI CATI NG A NI TROGENATED SI LI CON OXI DE

LAYER AND MOS DEVI CE HAVI NG SAME TECHNI CAL FI ELD

100011 The invention relates, generally, to MOS

devices having thin gate dielectric |layers and, nore
particularly, to the fabrication of M3 devices having

ni trogen-containing, silicon oxide gate dielectric
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net al - oxi de- seniNDMOH DEVIVESI AUENICSAMEqUi re very
thin gate dielectric layers that have a thickness on

the order of 30 angstrons or |less, and that exhibit

TECHNI(Rak &gBL.Durrents. Recently high k dielectric
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(EQT) is a nunber used to conpare performance of MOS

t ' s having a high-k dielectric layer with the
B‘@ﬁm@e of MOS transistors having silicon dioxide
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[0003] While high-k dielectric materials offer better capacitance than silicone
dioxide, these materials are not compatible with the polycrystalline silicon commonly
used as a gate electrode material. The electronic conduction band structure of
polycrystalline silicon does not match well with high k materials. Accordingly, a
metal gate structure is required in MOS devices having a high k gate dielectric in
order to fully realize the potential performance improvement. Fabricating the

required metal gate structure is expensive and requires advanced metal deposition

technology.




[00041 In view of the difficulty in incorporating high
k dielectric materials in MOS devices, silicon

di oxi de continues to be used as MOS devices are scal ed
to smaller geonetries. As the EOT of the silicon
oxide layer falls bel ow about 20 angstrons, it
becones mandatory to reduce the oxide | eakage current.
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. 80QC.. In U S. Pat. No. 5,861,329 to Yeh, &asm
is rpqEcslsts rempve FosrFmmRpralupnindhesd defigass in t@e@n@ | lesers Hence,

include nitroge amopi
posfHN ahiRefiol Ak REABIR RS RPEDTE R IehREET i TR e
def&at and\hnp@w@% b8 iegrfthew di scl oses a RTN process in
which the nitrided Iayer is formed on the sidewal ls

[0087] t he g%ﬁV@lzétprlucarm referankid distlo®: plesna nitodatBorlBdedkkds. For
examplg %1 elt*’ataho g 128 1995 D%Bﬁlslget al. discloses a remote plasma
nitridation process for a gate oxide. A He/Ar plasma is used followed by an anneal in
oxygen at about 800°C. In U.S. Pat. No. 5,861,329 to Yeh, a plasma process for
forming a barrier layer is discloses. Gases used in the process include nitrogen,
ammonia, nitrogen oxide, and nitrogen/oxygen mixtures. U.S. Pat. No. 6,225,169 to
Chew discloses a RTN process in which the nitrided layer is formed on the sidewalls

of the gate structure, while U.S. Pat. No. 6,162,717 to Yeh et al. discloses a high




3 density plasma process in which the gate dielectric
becones sandw ched between two |ayers of silicon
nitride. [00081 U S. Pat. No. 7,176,094 to Zhong et
al ., and assigned to the instant assignee, discloses
the formation of a nitrided-silicon oxide Iayer by DPN
and PNA in which the PNA is carried out in a 1:4
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interface region. Nitrogen is introduced into
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. plasma.. After | ying the nitrogen plasnma, the
mhggP?BgﬁueBkgﬂg$§%§ﬁQQFWPG?FﬁV%r i s anneal ed. This
process is repeated at least one tine to forma
nitrogen concentration profile in the silicon oxide
SUuMMARYric | ayer. The nitrogen concentration profile
i s characterized by a binopdal distribution, such that
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fabricati nfg a sem conduc
opposite the interfac

e region. Nitrogen is introduced into the silicon oxide diefectric
layer by applying a nitrogen plasma. After applying the nitrogen plasma, the silicon
oxide dielectric layer is annealed. This process is repeated at least one time to form a
nitrogen concentration profile in the silicon oxide dielectric layer. The nitrogen
concentration profile is characterized by a bimodal distribution, such that peak
nitrogen concentrations are situated away from the interface region and at least one of
the peak nitrogen concentrations is in proximity to the surface region.

[0011] In another embodiment, a method for fabricating a semiconductor

device includes forming a silicon oxide dielectric layer on a substrate whereby an




device includes formng a silicon oxide dielectric

| ayer on a substrate whereby an 4 interface region

resi des adj acent the substrate and a surface region

resi des opposite the interface region. Nitrogen is

i ntroduced into the silicon pxide dielectric |ayer by

applying a nitrogen plasma. After applying the
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| ayer includes formng an Si ON l'ayer on a substr
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pmf‘ﬁ?‘@?b%%ﬂ&ﬂ%ﬁ e or dance with an enbodi nent of the
invention for varying DPN annealing tinme; [0015] FIG
5is a plot of total nitrogen concentration versus DPN
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Lth an odi rent of the invention; [0016] FIG 6 is
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[0014] F1Gs. 2-3 are plots of oxygen and nitrogen concentrations versus depth
in SION layers formed in accordance with an embodiment of the invention for
varying DPN annealing time;

[0015] FIG. 5 is a plot of total nitrogen concentration versus DPN annealing
time for SiON layers formed in accordance with an embodiment of the invention;
[0016] FIG. 6 is a plot of the relative location of two concentration peaks
versus DPN annealing time for SION layers formed in accordance with an

embodiment of the invention;




enbodi nent of the invention; 5 [0017] FIG 7

illustrates, in cross-section, a sem conductor

substrate having an Si ON |ayer fabricated in

accordance with an enbodi nent of the invention; and

[0018) FIG 8 illustrates, isn cross-section, an MOS

device including a gate electrode fornmed on the Si ON
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characteristics of a bi-model distribution. SiON layers having a bi-model nitrogen
concentration profile provide improved performance characteristics when
incorporated as a dielectric layer in an MOS device. For example, MOS devices
having SiON layers fabricated in accordance with the invention exhibit reduced
leakage current compared to MOS devices having dielectric layers of the prior art
having the same EOT. Alternatively, MOS devices having SiON layers fabricated in
accordance with the invention exhibit lower EOT at comparable leakage current.

This is significant when compared with nitrogenated silicon oxide layers of the prior




This is significant when conpared with nitrogenated
silicon oxide |ayers of the prior 6 art in which
reduced | eakage current cones at the cost of higher
EOCT, or alternatively, reduced EOT cones at the
expense of higher | eakage cyrent. [00221 A plot of
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used in which substrates are subjected to a plasma atmosphere in a conventional

chemical vapor deposition apparatus. Further, parallel plate plasma deposition
systems can also be used to introduce nitrogen into a dielectric material. Preferably, a
decoupled plasma nitridation (DPN) process is used to introduce nitrogen into the
silicon oxide layer. In the DPN nitrogen plasma system, inductive coupling is used to
form a nitrogen plasma, rather than subjecting the substrate to a direct RF field. RF

power is transferred to the plasma through an RF magnetic field that generates the
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silicon oxide layer. In the DPN nitrogen plasnma

system inductive coupling is used to forma nitrogen

pl asma, rather than subjecting the substrate to a

direct RF field. RF power is transferred to the

pl asma through an RF magnetit field that generates the
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nitrogen plasma exposure time of 44 seconds. As indicated by a comparison with the
nitrogen concentration profiles shown in FIGs. 2 and 3, increased nitrogen plasma
exposure time results in a flattening of the nitrogen concentration profile in the silicon
dioxide layer. A comparison with the nitrogen concentration profiles illustrated in
FIGs. 2 and 3, with that of FIG. 4 shows a marked flattening of the nitrogen profile in
FIG. 4, such that the distinct bi-model concentration profile is much less evident,

Accordingly, increasing the nitrogen plasma exposure time results in a more constant




exposure tinme results in a flattening of the nitrogen
concentration profile in the silicon dioxide |ayer. A
conmparison with the nitrogen concentration profiles
illustrated in FIGs. 2 and 3, with that of FIG 4

shows a marked flattening ofgthe nitrogen profile in

FIG 4, such that the distinct bi-nodel concentration
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aémmex@esdlayia{eishme@@ﬁr ast, the oxygen concentration
rofiles of FIGs. 2, 3, and 4 show very little change

005t he BiGshilusicplss armdottdtrmbirogen dvoe earses mtm@mpﬂasﬁlae
o A S B AT B R P
wif Q@R6&HMER: & (BENNRLHAGES A s sHo@ﬁ%ﬁﬁg\Aﬁth@ Wt I@ 5 the total

enbodi nent of the invention | near
nitB&enmlokd Ber @sestﬂwéh umm &iszn@mltmggeplasina exprireases AMcbi‘dmg

i ncreasing nitro ure time. Accordingly,
the tial AROHNC ol LT ﬁP?%‘éﬁé‘F il PorIdios Ay e B Isngieemwith

with increasing nitrogen

mc‘fiie éﬁgég%ﬁgﬁée%éhr%&%g%@gl FIG 6 is a plot of the

{O(QSE}H ial @GS ersenset bfthtRpattaMdifi@akcdihtth®8eMpeak nitrogen
concentrations in the bi-nodel nitrogen concentration

copiestrpliensip g Pi-mRdelsiifrpgyncongpaikdtive trafiberwidlinghe silicon

o e L TN R TR

thd H1g bg@ﬁﬁesm expiale Mink 1 /IeRes %g%ﬂk hﬁtdg%ﬁ%oﬁé‘&%ﬁons become
l ess spatially distinct and tend to nerge together.

leswmlaf yutelidtienct drel teod & mengrugetber. Hisy w@dn thentotdh@mount of

lico 0; ide | a e i ncreases th exposure tipe, the
nitFigeh G ORI T BNSnGEEa e ! BHTuSSIe Br-ghgoen profile

Ch&%@g%g&&gpé@ge‘,ﬁt hi gh nitrogen concentration, while

nei ntai nin ively large nitrogen concentration
[0029] t he sTb laclmnvcda bighdetreger aarentidtion, Mbeletnedistai diay 8
sur ingly discovered that the desirable bi-nodel

relgfi e btjé%fﬁ Mgheeheeneendationitdhe pibgen dioxide wrkre.ithomventors

r e ou eat ed n|

o A 30 SR, U, LR S e
dlsﬁ PNAbn ik shieug f@xl’t@la%ﬁﬁh% ptr@serx}%@ R ?H r@eafhitrogen

particul ar theory of their |nvent|on he i nventors
plapap cspesurhidlowed post nitridation annealing (PNA) Although not wishing fo
be bound by any particular theory of their invention, the inventors believe that the
nitrogen initially introduced by the nitrogen plasma is weakly bonded within the
silicon oxide layer during the initial nitrogen plasma exposure. Subsequent
annealing, however, creates stronger nitrogen bonds, which reduces the nitrogen
diffusion in the silicon oxide layer. Accordingly, the formation of stronger nitrogen

bonds and reduced nitrogen diffusion as a result of the annealing process combines to

fix the initial nitrogen concentration profile in the silicon oxide layer.




nitrogen initially introduced by the nitrogen plasnma

is weakly bonded within the silicon oxide |ayer

during the initial nitrogen plasm exposure.

Subsequent anneal i ng, however, creates stronger

ni trogen bonds, which reduces the nitrogen diffusion

in the silicon oxide |ayer. Accordingly, the formation
[0030] st r oneaccnidanogeith doerdbodident edticed ventisrggenocess is

di ffusio .ag a result of the annealing process .
carfigi BrHBsVigh nftragep peintiodpee infy thesgisenctidsiayedn amwlying a
- ' [ i, OXi |-aver.. 0 n
P P ol b S B [ B PO RO ot iRess of
introrlocias sittsgendagorthesilioul okRleWyegAnd iahxﬁ&asﬂiﬂ% th@silicon oxide layer
. introduced into the silicon oxide |ayer by applying a
is repqaFesiEfesst armRmE 6p foiied bbwodeheitiopeycersengtiorcdistribution in

ad T | o o ; o
e B R R ARG
corR¥hieRidnd¥Riated awh e PRR! 8% ifferfa6a i(ﬁﬂ?et%fb&?tﬂe%ilfi&fn{que layer

bi - nrodel nitrogen concentration distribution in
andgthp isglestragex iadé whayeeat. ledfh enSbilelpayle nércaee cohamaationd Zeéocated
en .concentrat.ions Siﬂijat ed away from

. by peak nj
in it b e IR BEEUREHUE Ry <8 1 66T caurdbracayarsults in
a to@a[lqliﬁ'ggerrsd&%t{tﬁftl%n ARk é’?’ﬁ@&ﬁoﬂ& a?@ls%)fh &é?ex'%ix}a%ut{)% BKabout

nitrogen concentrations 1s |oca Ee roxi
25 tthenis s hiaogeotind, meorsipréfenibl@uboet I ayMout Thmidve Mitkden.
rocess results in a total nitrogen concentration in
Fw‘ﬁ}?@ @P IREHHVORTAgEsS tagts irndi@T of amisrablygilous [ § & atsou R0
anggtg‘oﬁn omc %nitrogen and, nore preferably, about 5 to
about” 8 atomic % nitrogen. Further, the inventive
[00Btlocess Tlﬁaﬂrﬁeﬂirlg"pl@ﬁesﬁ@_gﬂifmﬁb@fc%h@éﬂ Sutab @kt ARG in a
~about 20 angstrons. %OQS 1 The anneal ing process Is
nitrpg@t drispiyere and pelgaghe Gnallavasalinigrirpies liypérforaned in an
ni t rogen .at ntnscghgre ?nd at Ibe&st the, final annealing .
OXYSrEEREGINLE ALIPBRTEY [} ANGAMOGLIRSDR-SEBHEBHH yngre nitrogen is
g k 3 1 | y | . :
P ) R R P prRlRitaE contain
smadt @pounihef extdee. dihtmityegenah nixsphenbng amaphé@isapplenehls the
amount s of . ox The nitrogen in the annealing

. . ygen. _ . . 1. .

nitr %%@BHQ%I%ESM%W@W% tq Horperate dgErscnin theubeeropride layer

t ' r itr in the.silicon
BT B ASPEBELNS T TORFILN I Rl FRRpto s
in ableastethe Analangeincans & refigatay PREANRT 8, 48RS IRIRI(N,0)

| east the final annealing step is preferably provided
atm[gwlﬁrehi Theyigrogx pyiee (PrReDces axyassphdicals iTHe sificanourgde layer
thatloa)%/ gglié%a %légeef‘f'ciﬂxlxgheennirn%%leg %(l)r?dihg p}o%%sssxk/!thi%otge gl)l(ilccd)g oxide
fayer during nitrogen introduction.
[0032] The inventive process repeats the steps of introducing nitrogen into the
silicon oxide layer and annealing the silicon oxide layer in a number of repeated
cycles. In accordance with one embodiment, the introduction and annealing steps are
repeated at least three times. The repeated steps, however, can be carried out from
one repetition up to and including any number of repetitions necessary to achieve the

desired nitrogen concentration profile in the silicon oxide layer. Although the DPN




that are believed beneficial in the nitrogen bondi ng

process within the silicon oxide |ayer during

nitrogen introduction. [00321 The inventive process

repeats the steps of introducing nitrogen into the

silicon oxide |ayer and annggling the silicon oxide

| ayer in a nunber of repeated cycles. In accordance
progegstundribe EMopioresstcanthieeatintaoidd ot e aandyiap health 6time, in a

te re,. repeat at least three tinmes. The repeated
predirBE e R GHER T BN 1 GG OU B APOU Hseconds and e
PNASABLL!iO Bt bl RRGLbA YdoRg. any nunber of -

repetitions necessary to achieve the desired nitrogen
[0063hcent rah¢ diveptiad ploeedstuither inkdreslBe®XicdBbl 81BN of MOS

Al though the DPN | | 10 process and the PNA process
deviggs ipavidgle thedate dislgcwinlayyris fatvipatedngingshg plasofa ttifridation

' . rr ed .enbodi nent N process .is carried
and ol BisGhi-SaETBRiry 1S 7 TR Gestuc e lor sibsirare
40 BaVing adilReh dxale @O RuFCRIBES g%%g ihVERE :
pr olc%ss1 furt r}fere éf:ont errpllat eg lt heo‘?ég ri caa%glﬁg%lb%fﬁ?fégg% of
senfevidvstorisnbsttite A0t Reefgably, diliebe okidedayeaayi@ris femed by a rapid
fabricated using.the plasma nitridation  and annealing
thoisFe b BB SS b aBGT Y e Ehecy 44 e a Lemperature
] . vi - siLi : o
o G e SR G APV i e G B8 s
prefefalilf casenl @ofichuboor 26 sashdat hdd. skiledlietabdry wil kédoghie
oxj.de layer 42 is fornmed by a rapid thernmal oxidation
thapypilieusexile laysrscgangici laemed BY sther atasesgs puchos winyerticar! a

the{r@%@%‘i%#&%g Fuft e?%ﬁéﬁg?é@%i@ﬁ% %ﬁ%@f %@g'gglgﬁegge%%he :rlazp(l)d

€ rapid
thefhgioridblon peadess BebcAYEd by AR RUEMBRArEROMES FERIS Sapid
skilled in the all will recognize that silicon oxi Ae

therragl exédagian peeanicsenssdn by usthier fopnodessesideuaperat.
{Oogtﬁnvent ional ther m&‘rl oxi dation. Further,. those )
i 11 ed PHCPHEanss Wik AP CHRSAUREH L g ertinn, pipnegn is
intrbB@iBht Xl GRLd P LS
P 20 RO PEb PRSI R o S e
PreGaublp ¢haisiedgeroplasmmispilovedud oxXDER grayss cézied pQ024Mbolin30
.accordance. wi.t h_an enbodi ment of the_invention, _
miljipry @Bg éR e?@C“Y%fB?@é}W@é at b 289 Magien Tog ngeodeaydasnapispy

BRI ISR A0 Sy B USRIy G BT g 7
secandls. Athoadekitled@th the art will recognize that a nitrogen plasma can be
provided by various types of plasma deposition systems, including PECVD systems
and the like. Further, although particular preferred DPN operating parameters are
described, those skilled in the art will recognize that different operating parameters
can be used to infroduce nitrogen into silicon oxide layer 42,

[0035] Following the nitrogen introduction step, a PNA process is carried out
at about 1050°C and, preferably, for about 5 seconds,

[0036] In accordance with the invention, the DPN and PNA processes are
repeated to form a desired nitrogen concentration profile in silicon oxide layer 42. In

accordance with one embodiment of the invention, the DPN and PNA processes are




mlitorr and an effective RF power of about 200 watts.

The nitrogen plasma is formed by introduci ng about

500 seem of nitrogen into the plasnma system for about

7 seconds. Those skilled in the art will recognize

that a nitrogen plasma can he provided by various

types of plasma deposition systens, including PECVD
repeyietidosa taaldfitheelsukessiFe rdpedtional Tiofigh PRy isicatiar out in a

referred DPN oper at i araneters are descri bed,
Sulf%%'@ §l€1|1tF‘P%Hi 4%10?@1@?%?& i Lpast fheclopmiPA dreartied paicingt
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harnhganlﬂobgeabmtlmﬂgﬁﬁmﬁm step, a PNA process is
carried out at about 1050C and, preferably, for about
{00§7§;econd9nCF ouBen Orirried@mt; rddn oiragientted befarmams$ioon Jayer, a

sl Tae A B aS RESTE suthEr b PO SRIT s 42, [lsetectrode 48
is i%i‘ﬂn@@ be@)é bsithds a Eﬁte c‘?&%%ﬁg%%& iaMohfy Qf‘%c@ﬁ@%‘li@%ﬁ fa

t he |nven i on, e DPN and PNA processes are
pattepeatand a%dnnggptcmbal Tfost kkided ﬂuﬁxeesswubapmmﬁtletthalnﬁlma ous
ri ed out subst anti al |

dlf?r%*?%lj@ﬁ“%‘ﬁ 588 BRAFS! ta A ealeiSiradhd By ae megerials include
po@e%raﬂ%@ahcw léﬁlactérg AHEOr AL O&Qprﬁatﬁtsm)c‘f’cﬁégeﬁfd thyr&e

ntive process ces’ an avin

Fuﬁﬁﬂ' piteabauiodd 28 ang bt faired HyO03M pi@h@&s&it'nﬁ&@%l@&idﬁﬂlmé
yer 42 is nrtrogenated to forman SiON | ayer, a
CO@?@r émér hedlileco dddigonallys yareus kindookitioven kiipguphicagoegsses and

ctr de 483 formed by
“’fcgl“g}) ?éégégs ;h%gbaf@%(g %{% ?té?‘ileﬁﬁg onto surface 46,
[00381 | owed Aliyer %atc%c‘h%ﬂé‘ URGs ﬁﬁﬁ‘le&téﬂiun&: REQALBandlN@8En region
skllled in the art wi |l appreciate that numerous

52 didf foemed in mleﬁn@cwrcsahsttmf: d48efuttberf svurceg/dtagn ettentiomdazions
ese als i.ncl ude ol yc stallr silicon,
(n Shok R Sy THb b P 1 S eSS G E hied B Sntgh e source
{
and e beggc”{sa?ii%e‘%?“ﬁ%?l&??% e £, B AE AL TBEe |
cothpéreentsAeltht Martatrhysistmas4. olmsackoridacodvitk migwmvention various

chrth raphr c processes and etching processes can_ be
adqjdarpl Compeperty semalsp é@f&kw@te@sro fwmge MQp @éYICg,a?tUeh as an
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1nt§%§t%ﬁ cﬁg‘@é agpgcﬁgér gr‘ aefo U% Ot?r 111'2 sﬁ@% gra ol 54
adﬁufatgbﬁusly goulEe/16 %d&a@é(érﬁﬁéit @ﬁd Legk T ( not shown)

can al so be fornmed in sem conductor substrate 40
[0038] acent Thes,itHe agpareatghat there has been described in accordance with the
various embodiments of the invention, a method for fabricating a nitrogenated silicon
oxide layer and an MOS device including the nitrogenated silicon oxide layer that
fully provides the advantages set forth above. Those skilled in the art will recognize
that variations and modifications can be made without departing from the spirit and
scope of the invention. For example, additional processes, such as surface cleaning
processes, surface activation processes, and the like can be incorporated into the

inventive fabrication method. Accordingly, all such variations and modifications are

included within the scope of the appended claims and equivalence thereof,




and drain regions. The elenments illustrated in FIG 8
represent the operative conponents of an MOS
transi stor 54. In accordance with the invention
vari ous additional conponents can al so be fabricated
to forman MOS device, suchjas an integrated circuit,
a mcroprocessor, a logic device, and the |like. MOS
CLixldMSi st or 54 advant ageously di spl ays | ow | eakage
current and a | ow EOI. 100391 Thus, it is apparent
that there has been described in accordance wth the
[ for.
| YRR BRI £ Bl IS L ONRE e B TR0y Sl
a) MOSflenng e sllﬂ@h @dida:g:hélbanml&y@@@mad&% gtk [ HePdh 0 1ﬂﬁnface
| ayer that fully provides the advantages set forth
regagbiesidey pdigecns khe subgirpls ande sarfaceurddion wsislgndpeosite lag
int grl a{tlions and nodifications can be nade w t hout
it Fgﬁﬁ fromthe spirit and scope of the |nventi on.
b) Forlrﬁ%ﬁm&'n 8 niREetnt ih@NAk sDICAR BRRRIIcRHSH 187 ?gfé@n a
cl eani ng processes surface activation proc S &hd
nittdgen [pidsenacamd be i ncorporated into the i nventive
fabri cat.i on nethod. .Acco such vari ations
) anquisdl g D MBS SidS ARHCTEYeR A HsiD DI Jeer R plasma,
and he appended cl ai n8 and equival ence thereof. 12
CLAIMS: 1. A method for fabricating a
n| t repgetmeapseh)rndg) dt Rhstaineitind ay @FmGOMpOEE Bice@ration
rmng a silicon oxide dielectric layer on a
pl%d%s&Wﬁtsellqw/ﬁ@%élﬂﬁhah%ﬁrmleyqﬂace regl on resides

d f.a
o0 SEERe BRI AL D DR SRR R b5
dishidutiogefuchthf peble nfidges @BncntdBo fkaahiitcs a{)vﬁy SlonPbhe
applying a nitrogen plasma; and c) annealing the

intesifacecegionandet Wasicsetof itlee perkartragereconapptationg is ineproximity to

ih mtrog dDI asma, and repeating steps b) and c) at
QSUHEC ¥ i me to forma nitrogen concentration
profile in the silicon oxide dielectric |ayer, wherein
the nitrogen concentration profile is characterized by

2. dhbinatioebo! clainst ywhertinasepssy ahd tch atovidak nitidgengentaining
concentrations are situated away fromthe interface

si 19%?@36 SARPEEINEEReYL Jipcabout 2 étogseakﬁw AitEqesgen

concentrations is in prOX|mty to

3. The method of claim 1, wherein steps b) and ¢) provide a nitrogen-containing

silicon oxide comprising about 5 to about 8 atomic % nitrogen.

4. The method of claim I, wherein steps b} and ¢) provide a nitrogen-containing
silicon oxide comprising an equivalent oxide thickness of about 10 to about 20

angstroms.

5. The method of claim I, wherein at least the first annealing step is carried out in a
substantially pure nitrogen atmosphere and at least the final annealing step is carried

out in an oxygen-containing atmosphere annealing in an oxygen atmosphere.




the surface region. 2. The nmethod of claim1, wherein
steps b) and c) provide a nitrogen-containing silicon
oxi de conprising about 5 to about 25 atonmic %
nitrogen. 3. The method of claim1l, wherein steps b)
and c) provide a nitrogen-cqgtaining silicon oxide
conprising about 5 to about atomc % nitrogen. 4.
The nethod of claim1, wherein steps b) and c) provide
a_ nitrogen-containing, silicon oxide conprising an

6. dhaiehehe! Jaiyd, Vheekneysabng dissitconexide dislsatriclayer
r . claim1, wherein at |east
Corﬁﬁg&%ia&s algl%ﬁggﬂﬁ\lﬁg@é{g@%pﬁ%ebarri ed out in a

substantially pure nitrogen atnosphere and at | east
the final annealing step is carried out in an
7. dhy geshebaft clpim ﬁgwg@mm‘@ﬁbngm@aﬁ@ glihes phiarecooymeTses
._.atnmosphere. 13. 6.. Th thod o laim 1, wherein
e BRER Ry e el il TenienaretoebeBra aysr
conprises annealing in an N20 at nosphere. 7. The
nmet hod of claim6, wherein annealing in an N20
8. dhemsphet ef deinpt | wherein formadcsitigomuyige digiediic alysr tdhprises
g$§isilicon oxide dielectric |layer. 8. The nethod of
rapéq dieRnel O IO8 G the yRsHg e ngn|axedion i mesriiers eurprising N2O.
| ayer conprises rapid thernmal oxidation of the
substrate in an oxidation atnosphere conprising N7Q
9. The Fieghatedthaginof, whakn dpeth@r &R 1) QRE I LAEpaiaREpling
and c) conprises repeating steps b) and c) at |east
stephpleasidiq) weteastitbreethaesnet hod of claim 1, wherein
appl ying a nitrogen plasma conprises applying a
decoupl ed plasnma nitridation process. 11. The net hod
10.0Th& hRtiod of | Dihd Bl hg phi | : ing
O P PSR AR LN applying o
deaoupled gpdasnpl mgdatioopradessit 7 seconds, and wherein
anneal ing the silicon oxide dielectric |layer conprises
anneal ing for about 5 seconds. 12. A nethod for
L1.F 2R heptdang iﬁﬁft‘&}?&&éﬁhﬁ&dﬁ%&’ B 08B S Gic® oxide
formng an silicon oxide dielectric®layer ‘on a
dickubrat lapdrecontreisebypEipingnt nbaaeplasagifenmboas? de&snds, and

adj acent the substrate and a surface region resides
wheyggbaocalingde silicon oxide dielectric layer comprises annealing for about 5

seconds.

12, A method for fabricating a semiconductor device comprising:

a) forming an silicon oxide dielectric layer on a substrate whereby an interface
region resides adjacent the substrate and a surface region resides opposite the
interface region;

b) introducing nitrogen into the silicon oxide dielectric layer by applying a
nifrogen plasma;

c) annealing the silicon oxide dielectric layer after applying the nitrogen plasma,

and




interface region; b) introducing nitrogen into the
silicon oxide dielectric layer by applying a nitrogen
pl asma; c¢) annealing the silicon oxide dielectric
| ayer after applying the nitrogen plasma, and 14
repeating steps b) and c) afyleast one time to forman
Si ON |l ayer having a nitrogen concentration profile
charepetiénd steph H)yand diat lastadnedisé td fouhi 0r810NIIyet haling a
. the eak nitrogen concentrations are situated awa
mt@ﬁswgwntfﬁfﬂ%? PEide claipeiprizgddbyat bi-ewdel digtridubpn.isyeh that the
I at | [.Sg.) roximty to th
P P L G Rt o Bl M B sttt apdeast
ondShONe lpaylenitrokdn cIm@niretifeds of pRlxahy 12 iheWu@fa8é fegion; and
applying a nitrogen plasma conprises applying a
d) decBuplieta prigshstinie phdee SEMN fpywstess. 14. The net hod
of claim 12, wherein annealing the silicon oxide
dielectric layer conprises annealing in an
13.0%XKE Bt il i i Lai, Myv;
R AP B i R B i P Biying
a déepyppted Povmpa nisedatmnneatdsag i n an N20 at nosphere and
i ntroduci ng oxygen radicals into the silicon oxide
dielectric layer. 16. The nmethod of claim 12, wherein
r ' % ) . ri - ati f.eps
4L FRERIHRE SRR R R TR B E P e g RS o
corhiffiésch iansdalianne ah bRYeSL-emthigingCambkgdrout in a
substantially pure nitrogen atnosphere and at | east
the final annealing step is carried out in an

e i ni.ng, at.nosphere.. 17. The net.hod. of cl ai m
15 SN RO s, SRR Gk e AL e bts Sicdesrs Py
conprife9 asdaling oM aH AL © LMBEHHPE 8nd ﬁ@l@dﬁciﬂg‘tg&?geﬁ fdjcals into the
fabricating a gate dielectric |ayer conprising #orm ng
siliggm stidpudiclepyrér lager.a substrate, whereby an interface

regi on resides adjacent the substrate and a surface
region resides opposite the interface region, wherein

16. U6 mlefdd! AY%EAmMNBS bt K LehhEati
characteri z egfngy a“gﬁeﬁéggg‘fp%gﬁg% ?t?g%ﬂq%{}daé)sb&w {Sgﬁepg&tmg
steppegland) bt logenhieo nioesnt aat whasipdtdest theatigdasaing sepis

the interface r elgi on and at | east one of
carried out in a substantially pure nitrogen atmosphere and at least the final annealing

step is cartied out in an oxygen-containing atmosphere.

I7. The method of claim 12, wherein forming a gate electrode comprises forming a

polysilicon gate electrode.

18. A method for fabricating a gate dielectric layer comprising forming an SiON
layer on a substrate, whereby an interface region resides adjacent the substrate and a
surface region resides opposite the interface region, wherein the SiOn layer has a
nitrogen concentration profile characterized by a bimodal distribution, such that peak
nitrogen concentrations are situated away from the interface region and at least one of

the peak nitrogen concentrations is in proximity to the surface region.




t he peak nitrogen concentrations is in proximty to
the surface region. 15 19. The nethod of claim 18,
wherein formng an Si ON | ayer conprises: a)
introducing nitrogen into the silicon oxide dielectric
| ayer by applying a nitroges plasma; and b) annealing
the silicon oxide dielectric |ayer after applying the
nitrogen plasma, and repeating steps b) and c) at
| east one tine. 21. The nethod of claim 19, wherein at
19, ig%tnqﬂr%i ¢fiqlaim bhidireindogniag ansSiOAY layvecasuprises:  a
sub Lall [ n_at npsphere and at | east
) ¢ hotFoaar P e TP SRn A RN E G P B pBhe o
niteXy@ekse@pi@l ni ng at nosphere. 22. The nethod of claim
18, wherein formng an Si ON | ayer conprises formng an
b) si rntealpes theomhronsixide disgtriclayer aftsoapplghgathomitcogén plasma,

itrogen, 23.. The t hod of. claim 18, wherein formng
m’dﬁpgﬁ 5¥g§§Paggﬁ%gF@§§(¥@FH?%g an Si ON | ayer
conprising about 5 to about 8 atom c % nitrogen. 24.
The nmet hod of claim 18, wherein form ng an Si ON | ayer
21.c6hpnietes! dfalanmiy), arher&h @GNdastytae fingannghlimg segis\catr®satout in
qfide }hickness of about 10 to about 20 angstronms. _
a substantially pure nitrogen atmosphere and at least the final annealing step is carried

out in an oxygen-containing atmosphere.

22. The method of claim 18, wherein forming an SiON layer comprises forming an

SiON layer comprising about 5 to about 25 atomic % nitrogen.

23. The method of claim 18, wherein forming an SION layer comprises forming an

SION layer comprising about 5 to about 8 atomic % nitrogen.

24. The method of claim 18, wherein forming an SiON layer comprises forming an

SiON layer having an equivalent oxide thickness of about 10 to about 20 angstroms.




