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METHOD OF FORM NG ULTRA THI N SI LI CON OXYNI TRI DE FOR
GATE DI ELECTRI C APPLI CATI ONS BACKGROUND OF THE
| NVENTION (1) FIELD OF THE I NVENTI ON 5 The present
invention relates generally to sem conductor
integrated circuit proggssin% and nore parthuIarhx
POEGIHRD R FERYING Yid RA JATINCERAE QR R ERITRIDE FOR
DESCRI PTI ON GRAPRIIGRIAFTTRAE HRYEIGAEIQESric is
per haps the nost sensitive conponent of nodern CMOS
devi ces. Requirenments of appropriate dielectric |ayers
i ncl ude hi gh Bﬁéﬂ%@@@ﬁ@“%ﬁBangﬂH\”ﬂff%F?ength, good
di ffusion barrier properties, |low trapping densities
(1) FIEandOF GWi H it €ENGdOAl st ates. As devi ce di mensi ons
decrease there is a correspondi ng need for thinner .
JRE @rrl BETIoR rolly EPRCTER Rt R Ry UG (TS HE FGcuit processing
and mo?@?ﬁﬂ‘éul%‘?ﬁ? f shé hRoen. 1@2&3 peMadiINgsyi@ate dielectric
structures are needed that neet the nore stringent
(2) DERERIETIeMeOFLRISA ABIn oxynitride | ayers are used for
te diel.ectrics in varjous technol ogi es .15 and
e Pt Hhten F haRelt Dod oai Exranae: of rRufit cmos
deviced)G8IquirbtLh of TSRO 281th8: NOFE O BAARELRh dislctirie Mreakdown
oxynitridc layers, which are essentially gate oxide
strength,ageerlsliforivabairiey pritertogelnw thepinadeumitesaand low interfacial states.
s aoi bR Eel Rt HL 0GBl O LBYPTR At gyt
layers. COBRNLY, abh@fer®dntdibbetge Mmaeatiribfart gatiefel ehRaty iggte diclectric
interface to act as a penetration barrier. For
structujep gtcaireded that IPREShAMOKT HEngwHh ESHIERENMSN of nitrogen in
‘Sﬂfeco%a(%x?/llgll-igé Fas/te:rs' ste lu?é/de Forgé\t{pz&efegg‘ic!s R %éﬁ(ﬁfsecwd§qtetcﬂﬁ)logies
pol'ysilicon gate is requir t o prevent boron
and it ipegRtiatia0 theirNist palgettendinal o nedaregutd. &d optimieahe performance of
~ dielectric at the dielectric/silicon interface for .
siliconj qrepdndedicssivdtiahces cocndtlly gaerqade kpesctantapgs rrogen, the
amount emarcﬁ).\ﬁ%tioﬂto?ﬁlr&ﬁﬁogéﬁeﬂl ki Hayd istof @Al LG el § ke BRative to
intertace owever, ~the n|t¥ogen concentration needs
have a logbeodcentrdted dinicezchoeanticlgaridiclogen intsrfdette iapteastaapgnetration

barrier.%‘lrig‘ @H:rclr 121?1?]\3&8?:}6 ;geea%%g?:ﬁsglglgﬁ %kpﬁf@é{é@ ﬁlr @g%g‘gcl diélXCth%ycr at

the int&%@@ QAL h&?siHE&{ bli€id reqdina tgitp%vngﬂttfoi-&a yRukAicReNitrogen is also
I deal , Wt he highest concentration near the

requiredan ethdidedledtie jat thatdeldcaieesilieon ovierfadsutor sngreascjighistance to hot

. _concentrati.on _near. tﬂe dielﬁggﬁigl Ihicon.-nterface N
carrier 3ﬁfgctga %@rlg}tpéovcc ARSHAcS HyalRy- Af the {/evéeecrﬁi_;cr? Al nelpgez@gc however,
the nit@ERO S TR &1 ndelietd BYRRt@BinBE M6l Mech hibpravedicoBhOasls giving
for achieving such a profile. o , ,
rise to decreased channel carrier mobility and degraded reliability. A bimodal nitrogen
concentration profile in the dielectric would be ideal, with the highest concentration near the
gate/diclectric interface, a lower but still high concentration near the dielectric/silicon interface
and a moderate concentration in between. Preferred embodiments of the invention provide
improved methods for achieving such a profile.
Tuning the nitrogen concentration formula to achieve improved performance is at times
denoted Nitrogen profile engineering. Several approaches have been proposed. Gusev et al.,

concentration profile utilizing thermal processing. Their approach involves using NO/Oy/NO




i0

15

20

23

36

Tuning the nitrogen concentration formula to achieve

i nproved performance is at tinmes 30 denoted Nitrogen

profil e engi neering. Several approaches have been

proposed. Cusev et al. J. Appl Phys 84 pages

2980- 2982, 1998, resent a net fo
gasses SARMISGAN DESHEHEIAET o PSE 1185 PPafrg 2D Hariralo%, extended

[ TRel, NG 0ce
the mctRB(? g@gﬁs ggs&%lnﬁﬁarfe&%ggxhgd ‘g}{%g\{gﬁl Hé{)lpg{(}%ﬁél”ghc;g Ploccss
scqucm&@ usm@gé@ W3261nd 3BQasd99%he exbienaedf Dulyeame oohdisTieBys on the
ied the affect on the it. en concentration

dlffm%F}&fFP’Iabm&"f(%HPle fasier o8 SURGLHERE TR NG imnd N:O
gasses. %ﬂ@se%ct%&ss% !m:ﬂl% Lechnt, QH %zﬁfthc%ﬁgmﬁmana_ alstdicsit to extend to

relies on fterent thermal nitridation
thesﬂmhénamﬂﬁffsmupsmdﬂhmhendmﬁ®en@mmtﬁmtﬁmgeWOQQUﬁgesumcmﬂmUMI

profile BB 7oA PR PP RSt 1 DS OHOT SR Rl Titplietetric

layers. €Xtend to the sub 1.6 nm EOT range and these methods
cannot fine-tune the nitrogen concentration grofile
Ooheaoftreaes fmmﬁlep;tﬁbnﬂm@l@ﬁ‘wﬁ @la]asmawt@@eﬁpibéﬁﬁ@ gt alatli. §nPatent

6,136 6ﬁ thB\élgﬁ aé)?%,malnlitﬁg { %Wﬁﬁlggé%r infro ucn)ég nclm il 01% concentrations of

nitrogef itfal idRbbiPBratddriafdt arebxiat idycfdoxsfonﬂ@taaﬂinde 15)3/06 all 8f, Hbfhce of the
provide a plasma nitridation nethod for introduc

substratpo s priTtet entdorititet aki erds Patent fip{G.6Lkrhe mathofl és PhotSuitable for
ncor po X el 9% f

oxide ift)éers S El%ﬁahag)ogﬂﬁ ggglcgf Nﬁﬁe&%{ ls (T gfa% %tgldhttq(e d&) infroduce

mtlogebyleam ox@le @llm butlhdd. reRaidinibn Gnd ]1@11(&]]1’45, stebetdrﬁtﬂhhdc ile mtrog,cn

not suitable for oxide |ayers |ess than about Z%m
concentriek profiiey heat plsmagindgeeds mﬁﬂéés‘ﬁlé HEgE ]d‘lgtr? dgteet densitics.

MCFadHQlt EOQUCE s MatdnPB81 01676 Ui o QX 1Ay 'pl()Wegl('lfx e@d8asma method for
e- oxI dation and annealing steps to'stabilize the

mtrodumng rnogegenlintc omoe nltcrlaycro bspigod ighehasheallowptrasnmatiord aoegy than
damage, and redHce interfacial defect densities

nitrogoFAURBRALEN H11D Megsn Tplls i 2 6B CEIE AN S far pggeen in

the oxnﬂ’@}‘?@& %%9& Q(I)@S(mh@%(mq)aft&ﬁs NI&tHQEHEd 19 Kkt LOYEDr Nimi ct
Into an oxide layer. Using a gas having | ower

al. plowxdmaz;atth@chuemrcgﬂy apflpghimizadtrimgdal Hivogandenpatiaban wiathe for thin

dielect & gen results in a steeper concentration profile

1°e°¥% Hi*trogen in the oxide | ayer. However, none of the

ahoyet Rat end spatMaFaddens&t digdlose Krahilg @tmladcm REefNicbosing the
et 20 al., provide a met hod to achi eve an optim zed
silicon ﬂ_ﬁmb@amtrﬁgm syennies neesiinariBesPhesfly Ifeny apilich mitride layer, then

tyal 8 5
0x1d1211(1j¢ ?0 o%nré %(1_)1}:(%%’% 1étr§:gllf|§y§gnU]%a)}/)gtrelelt g;(gggf)%gg tlﬁed% CQ (P., gnd .8,

Patent SI5|917 O’sm tbalycﬁf cttad,, Mdath ﬁmelm)dsarftfahnﬂngg;llannegaldsng: izing SizHe U.S.
here to con nitride | t he

Patent é)??b?aﬂoﬁgzot%/oﬂ 6?%9atosAP<ft%rf3to&yﬁwsladfé?swawfymths.anﬁmﬂcctive
coatmgp ﬁﬁfgptfoéne%6§$19§3512ﬁ, OKQﬁﬁig?tfoﬁlcxamﬁ]%d sﬁcon source. U.S. Patent

Application 2002/0009900 to Tay et al. discloses a silicon oxynitride layer formed on silicon
by rapid thermal processing.

Conventional process flows used to tune the nitrogen concentration profile in dielectric
layers are shown in Fig.1. Region 2 is a silicon region, which could be a silicon substrate or a
silicon region formed on a substrate. An oxide layer, 4, is formed over the surface of the

silicon region. Nitrogen is infroduced through the surface of the oxide layer, 4, from nitrogen
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25 Patent 5,597,754, to Lou et al., teach nethods of
formng silicon gates utilizing SizHb. U S, Patent
Application 2004/ 0145029 to Acetutu et al. shows a
silicon oxynitride antireflective coating Iayer

formed using SizHb or Si3HB, for as_ sl
containgg egies: 9, &1 UsaAtEeprhesp phg edbs G5 005T obest00 By thermal
nitridat®h @l‘lrchdds rﬁ&?éut%ysi‘ll hm%@w QX %MHakdnk g%lb%Y¢rsct19§ B0 Qfsuitable
Silic y rapid thermal processing. 30 Conventi onal
unnodgnmﬁesﬁnmmesluﬁenht@cmawaﬁﬁm@nmiUMm@Emn¢bnmengmavnmﬂﬂwmon
e profile in di ctr X are shown
profie R 0PI TEOR SEG o, "HREEh CBUiu € & WD Pl the
pxoccsssééaﬁ&{c%t ﬁa Rhich otidr| daSQN st @400, f@h MRAn@Nd&, SHP RS BdRlitions of
oxi de layer, 4, is formed over the surface of the
anncahsg Isepo I nsee oﬁrldemlon rh@g dpeii stuiling pedo adlamehy oigtherhd nitridation,

paﬁrcuglgﬁtagﬁﬁﬁleﬁgoi%ﬁgf %%uu%g Yo c{oH%dnéra{ nfl ntrltrlg %D(r)]?/(’ea%t/ﬁd in the oxide
layer atOké d@reldadi@dtric Titérface aﬂurﬂ@g ﬂl@ﬁ@tr@éntcbﬁécﬂmbnorﬂplbmdﬂt dl@Mation of
whi ch, as pointed out by Nm et al., U S Patent

the plassnasn@amwrs ke ey ongreflenptiu DpaBY e, deforsaemigiont ehamios in the
nitr 1dat10nt prgccsg%“?rd?ffcrc ét{lg%e%%%%ta%im 2{5 g[?erc[ggl E (ﬁ' e&ﬁ;’ngﬁt hl‘?x%lg&h Eona in the

gen concentra tuning IS cto

plasmald ﬁd‘d &aﬁ@ﬁigﬁ&hfﬁmﬂl{}t hagasuatio l]hﬁﬁ@ﬁi,ghﬂdﬂiﬁkhlcaﬁcﬂg@ Nﬁtld‘ﬁﬁ radicals,
the 5 process sequence, in which other_gases, such as
usuallyoi, neldHelk &mche IFuHER, DU iEYE N CBHBTY b rE U o TRHHRARS hye to be

made i tt(?ﬂﬁ of? h@%ﬂ?c@tbﬁgfflgﬂ% pg&llir%?% *P(?Qané\?euﬂh@g% n%@ntratlon é)l()ﬁ

ernative nit ation, part
tumngﬂhﬁhﬂdhmmvmﬁmnmﬂmmnn@nhmx@encmnseﬂhﬂamkonswmﬁumhbkegémm for

| ocali zed in_the oxi | ayer he gate-dielectric
instanct, ﬁt&é}&f %?ﬁ"ﬁ?fstaﬁg s 1 B g P@ﬁm&r i ygprove the

tenabil itY. @{)&J@\?é’?tth% Qfstit 15\@(:9&(?&%09%’6?%@&%&% RASWRICAVIENs a primary
probl ematic, however, due to contradictory behavior in

objectivhef tho iiniehtidd@tpronidpr ocess for different nitrogen
cont ai ni ng species. For exanple, nitrogen ions in the
pl asma do not have high diffusivity, but usually have

hi gh ki netic eQﬁﬁﬂX&AﬁNk§ §ﬁ~ﬁ@@ﬁﬁ§ usual Iy do

not hi gh ki netic energy, have hi g dlfoSIVIty
Thus conpron1ses hgﬁe to be n ter h
S IBETY SIPHSHEC BRFISIBY RSN g Pé{b"lﬁ‘b‘ei‘/ iy t'maa cturable process

for fablg@anﬁﬁ b Latd @h @ft@fheic@trlct HRE ABthes? PR APSHMENE BY §11sf‘ﬁ‘1\O@nhon to
en"made 1n terns of plasma source control, such as,

pmv;dcf mr ultis thmggam@ekccmlsumgl mupree@l cmﬁnsfd lirakage andmpbidity, which is an

|t|o of hel | .to r.ov pe .
excaliighrer Py o SiisVapof aif B sTReT oo SHauBbT BaR gt fber primary
objectitdTRf Q¥ %ﬂ%ﬂﬁon foQtrovibé & Mdilod Br BbBEATRIY gat®BicRLhiV@iItBR nitrogen

the invention to provide. SUMVARY THE | NVENTI ON -
concentration profile that is optimally tuned so that there results improved leakage, mobility,
boron penetration and reliability characteristics. Yet another primary objective of the invention
is to provide a method for tuning nitrogen concentration profiles in gate dielectric layers to
obtain a bimodal nitrogen concentration profile, with a large nitrogen concentration peak near
the gate/dielectric interface and a smaller peak near the dielectric/silicon interface, that results
in improved leakage, mobility, barrier penetration and reliability characteristics.

In contrast to conventional processes, a thin silicon layer is formed over an oxide layer

that had been formed over a silicon region. Upon nitridation most of the nitrogen will be

concentrated within the thin silicon film, while some nitrogen will be situated near the oxide
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It is a primary objective of the invention to provide
a readily manufacturable process 20 for fabricating
an ultra thin gate dielectric. It is further a primry
objective of this invention to provide an ultra thin
ate dielectric with inproved channel .| eakage and )
silicon ey yLHEWHIVER(iQTS s DX T | oAUy PT dPTIIBS HoPBRpdal nitrogen
concent?ﬁ%ﬁhﬁ*@ﬁ!k%thaﬁﬁl'é@%trég@rc%}{@éﬁtr‘é@&ﬂ A lnkhine bhtelafol 4@l fterface
urther primary ~ objective of the invention to provide
and a amatiet hedk frear ftl‘&bdietﬁatricﬁgii(amg:att@fastb,eﬂm_t:trq:siubs \m tilpaved leakage,
ITIObi]itj?,Lﬁ?%lp : g%ni-:t%;g]?)%t%ﬁtg pgltxa{b gﬁ r%{lgrfail:tlﬁgﬁ,tlgg géd hlieg%ﬁ%—:gtr}gaelolb}/ectivcs of the
inventidPRke labli¥ved2S boron penetration and reliability
characteristics. Yet another primary objective of the
Anmetioid o foinging o gtodiakstide lsethisdlisdrsed uhiengetiod rrogwnises the

oo GREFR BB S Pl Bk Sul P BERE SobHTE? s voon
which gitd AEIREIRE hieQgBA ABEARENAK BkideRs Reakd bedithe duffices. A silicon layer
gate/dielectric interface and a snmaller peak near the
is formgidepexst thecwsile ilewn. inmélriflalee pravass ieparferned; fin optional high
I.nmproved. | eaka Fljity, barrier penetration and
tmnW”?Q%?@Bﬁﬁ?@fa%ﬁgg%%gggFg ng. 30 In cgntrast to
conventi onal processes, a thin silicon layer is forned
over an oxide |ayer that had been forned over a
silicon regBRIEF DESCRAPTION&H DHEMISAWINGShe nitrogen
wll be concentrated within the thin silicon film
il 1 &R afVih i QBSRINY fokmbBe 8inkHaiedhaRear (N ecRKbden, Bere is
silicon interface. The invention thus provides a
shown:met hod of foaming a binodal nitrogen concentration
Fi 1<$ro£ileiwgkhl§ large nitrogen concentration peak near
18- RS QALY GBI T i nterface and a smaller peak near
Figs. 2 bh@3 dh@b aghddesd sdcbide@ntol thi Bivbag®,. that results in
i mproved | eakage, nobility, barrier penetration and
reliability characteristics and therefore the

obj ecti ves of Lhvent | ( jeve nmet hod

of fonnpﬁgcgl%tﬁﬁ“&ﬁ%'@Ejﬁvggﬂg§é$E$®§éﬁ@@% d. The

met hod conprises the following steps. A substrate is

piwvi2dedl Ravivsitnisineasen flowgi wwaerdounteaafitpdstinpedimsnts of the
vn§ 0 O ATLE LR LI ER L2 49 5 SERFE Sy ve o
silicon kabsmad @vesilitdercgiinddnhay el a shbditaty. i/dadiionigpegdessioised over

erfornmed, An optional high 10 tenperature annea]iqg.

the sur t:cégf ﬁ;ﬁy;:lw@n BeF oD Eﬁéépplgﬂ%@p@gg@pp{?f@qe@/l@ﬁgec mologies the

oo FEAUHDERLI 118, SERATPNN N 19 LA B o s 1
Angstroms. This oxide, preferably, is grown by conventional thermal processes, of which the
ISSG (in-situ steam generation) processes are particularly recommended. The oxide may
have some nitride within it, about 0-5%, which had been incorporated using conventional
methods, for example RTNO. The next step is crucial to the invention. As shown in Fig. 3, a
thin silicon layer, 8, is formed over the oxide layer. Preferably the thickness of the silicon
layer is between about 5 to about 15 Angstroms. Formation of the silicon layer can be
accomplished using standard procedures that result in thin uniform layers. A preferred method

is LPCVD using large molecule Si-containing sources, such as SipHg, SizHg, and SiuHjo etc.

Also preferred is forming the silicon layer, 8, using a plasma source with Si-containing
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Fig. | shows a conventional process. 15 Figs. 2 and 3
show a process according to the invention. DESCRI PTI ON
OF THE PREFERRED EMBODI MENTS Figs. 2 and 3 illustrate
process flows according to preferred enbodinents of
the invention. As in conventlonal process flo
speciesy ggfihoy PHj-singisyig 4 playng 8} e, siligan @ eoRRY bg,glsgibutcd in the near
strate or a silicon region formed on a
smia“’méoloqucggpm oxide layer, 4, is formed over 20 the
sunftadeioaf sttfevisich iic @onvegbed. plEﬂi’sqapiplLisGﬂt}i pﬂf(bxmed over the
recent and future CMOS technal ogies t oxi de | ayer
oxide layer dkisds ergferredreplprlinpeits ﬁ?{ ‘6’[’8”119“ BAk g@qcélnag“tcr f}]ﬁ:e?/ 11econ layer 8

is fom%:%nggl’cgeth@gﬂﬁ:ggl{%)’/e? AR ﬁb%ttﬁg AIsT f&qﬁtm% ' %vhlm could be

pref erabl i's growt by conventional Thérma
intr odupccbeiésas bg anofalinfiic h ntth@cnicﬁ@@n(nugmtmotsp;hfset eamy mtrogm containing
t
N o N TR TR —

con(,cn@aéc@ th%Qcm@% RSB 'f&ﬁf?ﬁrrﬂﬁf BlcaficHabNgr GONY:am 1a98als with the
nmet hods, for exanple RTNO The next step is crucia

9111(,01]1:1‘%101]&62 [ ﬁh@iﬂrg@mnc,&gtl gmvvrf nlmogiqngthatgts ngcdqquar dicl gatediclectric

iterfagep iy BAGRE BT RO Pl Payeh W Eoset b aBRtiteisin the

dielectfi® aBDRWic1d&ribRORbA %ﬂ&-fa@%ﬁﬂidr&ﬂc@fcsls%c@ kd h&todrti@Yf¥ects and
can be acconplished using standard procedures that

for imprexel tntqrface ualityrik ke rpfragfensl heke phehigopet corsenigrion; g limited
since séglcas{%fgélasn Icéuﬂé&? c%?leggﬁ)lbqlty a{ucf‘ 89@3&1% J&gakﬁﬁg{ &3 ’nats 8&4& The

preferrb @ bikho@al tdigogdnl te&Bntr@@r profile wsihng varyp ha;ﬁrrmﬁaumuen near the
with Sl-contalnlng 4 species, such as Sil114. In usin

gate/digleginagngrfasupndes 18Vves bensidt biek spageBtian stear B digiackncsilicon
inter f'l&bﬁtﬂﬁ%ﬁh]ﬁ&{ }ﬁfﬁu% 7?6991' Al odi AUEE o’f’lthc"\lﬂnhﬁhdat i on

Ven I Onal processes IS usual |y
ﬂéfcfooa’i aedo opesnstihetheaxtridetidiayeccsdes. Nstridatiqr afvéd bedccomplished

embodi nent s of the i nvent | r f or ned r the
using N{oopaBiig ajepagNEAOn Gpifbalst Sergeoratel By Aypein @ NO-

(@nm“@&£§ﬂﬂ§ Rgettering region for nitrogen, which could
introduced either by annealing in a

ot rtiog eamcoaffnatrmmimggmazt MS$-pivdaieingr atimpspicta Bgeamnealing gasses that

piOVld(i? g]? ! %:tr%{‘j}g F(P]lﬁii ﬁwgr@%q,%g 9@5&2{‘ S¢ t t |1ocg)}n%fmart]io¥a<; OFR" annealing

condeﬁm ‘é@ﬁ&ﬁ)@ﬁd@@ tcpzfnymfttfa@@z%@cs\/\fd&ﬂcn@bﬁ Qh@@ud'kﬁékﬁd)f meaditiédhelayer, 8.
interface of the oxide Iayer 4 with the silicon

For anneqingngasses INABND/Ahgenesshisenemparhiaresdfetwpen aepar Y0RYE dpd about
100 RIS P B S LR B R R RSP s
to 157 KExHIRE. 14 §iRge silicon oxynitride layer results with a bimodal nitrogen
distribution. High nitrogen concentrations are formed near the surface as a consequence of the
tendency of silicon to getter nitrogen and a smaller peak forms at the interface with the silicon
region 2. Tuning of the nitrogen concentration distribution can be achieved by varying
annealing conditions and the thickness of the silicon layer 8.

Nitridation could also be accomplished using N-containing plasma. This option would
have the advantage that it would be cfficient to combine nitrogen plasma nitridation with
silicon plasma processing for forming the silicon layer. For the case of N-containing plasmas

the source that provides the nitrogen could be N, and included in the gas should be Silicon
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dielectric at the dielectric/silicon interface for

i ncreased resistance to hot carrier affects and for

i mproved interface quality is also forned and here the
nitrogen concentration is limted since so that

conaineerGaeetShanel, AT LI Ly and degraded s drion

need toHeldIAGRR (6 ABGEN & ﬁ&ﬂh@ﬂapﬁl@if()g«lz@ccy}'ictzlhrcﬁlo\/l%(YF i \ghlch depends also
concentration near the 15 gate/dielectric interface
on the tncknasd owde sBubndaydr] 8. hhlg;helcmm@gm rertdenmatimwametthige surface are
ric/silicon chi ev

. i.el f. [
oty Skt SRR AORENTY] BT DRG0 | B Mo G ar Vg e SiHe

temper zQ\WcL ﬂﬂﬁn foott i(hg th 'abéﬁtd@t)q’@ Rre EP&@E&@SA sNgtd dilkadnl RRnitride layer
coul d be acconpli shed u3|££ cont ai ni ng pl asma.

results With i kwamﬁdmmmldia%tn%@(mel b@trpwr}smubyﬁla@m@a|f@rﬁ§d| fgar the

surface a?ﬁnaeg?*](‘:’g‘g&ﬁﬁﬁcn gp ﬂ@a e (ft%hﬁlrfﬁ %11100tn 0 %(Ft'{er mtf%eg a%l & lsmatler peak
forms a8 8RS 8&rthbadith BlOViiee khienni trogen coul d be N70 NO

NH2/ Q2 or N2/ Q2 or conbi nations. The anneal i ng

dorfatiend hich EEPPaYFONICAN S Yoy 1o Boyeer @%%@t a fapsiture of
about 1%60%%11#%? Eggaga%n@/a%@%gi% as?,]g g{@gﬁ{c’ahf? qeg%E]rVg% to repair any
damagcbﬁia‘f\&ﬁﬁldab@»tﬂ oQBed andthaboisr pI&df@Q(igjfe{ntl Quingtrben gatepdielectric

to about 15 seconds are appropriate for silicon |ayers
qualitypet ween about 5 25 to 15 Angstroms. A single silicon

RN ﬁ]% I QAnhiBY Rhs E@éluftyatrﬁcd%ﬁ)h%}%um M@éscpﬁcdﬁggg eference to the

distri utlon g nitrogen ‘concentrations are forned
preferrdieanbddimestarthace!, aswdl cons@guentky dfost kiilled @n d@n{rytb@f Variou%

silicon to ter n|tr gen, and, a smal l er peak.for,ns

changes, fs R, ik A0 (o TP cswrth%wcp?laais oyt Wﬂ.ﬂn@*d&@pc of the

inventib € nitrogen concentration distribution can be

achi eved by varying annealing conditions and the

t hi ckness of the silicon layer 8 30 Nitridation could

al so be acconplished using N-containing plasma. This

option would have the advantage that it woul d be

efficient to conbine nitrogen plasma nitridation with

silicon plasma processing for formng the silicon

| ayer. For the case of N-containing plasmas the

source that provides the nitrogen could be N2 and

included in the gas should be Silicon 5 containing

sources such as SiH4. Plasma conditions such as

pressure, power and duration need to be adjusted to

achieve a particular nitrogen concentration profile,

whi ch depends al so on the thickness of the silicon

| ayer, 8. Higher nitrogen concentrations near the

surface are attained for thicker silicon |layers and

for higher power. For plasnma sources N2 and Si H4,

6
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5 tenperatures from about 20C to about 300C are
appropriate. A single silicon oxynit ide |ayer
results with a binodal nitrogen distribution. H gh
ni trogen concentrations are formed near the surface
as a caonsequence of the tendency of silicon to getter

What ig¢lpinddiy and a smaller peak forms at the interface
with the silicon region 2. An optional high
t enperalghed ah fagling g 2aicskiclednc HOW Buripsif%dr med, at a
gg(m?c? Bgt u%)%sﬁgte Illagm bsg ﬁ{:%é P%ﬁon@ tﬁﬁ‘tdcéqg{n\} %gf f?%d%?gwr())g{ \thich gate
any @aﬂﬁ@ﬁuihﬁﬁob@dk@ohﬁN@h@CﬂUﬂkﬁdht@aﬂﬁ&mpmuoﬁhumsNﬂwdb
processing and to i rove gate dielectric quality.
mhlleaﬂﬁ@‘?ﬁWéHﬁP6W3‘éé‘ﬁ@éﬁ‘%%F%lcularly shown and

IAEL ARG 6ENRAGRTLD of ey JREG! RELGA. embod ment s

ere e un rstoo ose skilled in the
dstmihpatilican logsovet Saidhandgdsydrn forn1and deta|I nay be
made without departing fromthe spirit and s

Reealipg sat SUHSITatE WG o8 Py HREE (glVliTllmA]tnTgt ﬁaaglbclc nitrogen

form n&oasa%tgﬁm@!h ellaﬁ&t BAC shiaYlid & MRF | SHdgEin RARAV hsHdAlng in a
a substrate having silicon regions that contain

sur f acétsogepatmwdpihete igaceomplisbbd by nsing Mol NG, BH/O; or No/O; as

di sposed wherein said silicon regions are silicon

hkmelW§“¥§“§HﬂW8% P-wells forned in silicon reglons

form ng an oxjde | ayer over the surface sa

il i caﬁwﬁ%ﬁm@” Claggy ] yhfger s %@Hﬁp‘a%wtq Iayé%cavévb%faf

oxi de | ayer; annealin sald substrate in a nitrogen

dont ailhierigetbad of Ghaient whsraipspidduldemicgiogyere ragkp of a silicon
Subgtla§a|d silicon | ayer and said oxide |ayer wherein said

anneallng in a 10 nitrogen atnosphere is acconpllshed

gour z ]% 1'5'2&&?('1] Npﬁ‘éztlﬁlog W }c?({ﬂq l\l%ﬂ,]o(]%n@c\;]lély(gl: 1tﬁr X manal y grown oxide
layer. substrate is a silicon substrate. 3. The nethod of
Caiml wherein said silicon regions are regions of a

i i come 1%9@%3 r(ﬁt@ldllﬁ'ﬁ Gherkhe sﬂ@tcﬁﬁgslfét‘l @ ltayer is an 18SG

wherein said oxide layer is a thermally grown oxide
oxide layer.

6. The method of Claim | wherein the thickness of said oxide layer 1s between

about 7 to about 15 Angstroms.

7. The method of Claim 1 wherein said silicon layer is formed by a LPCVD

Process.

8. The method of Claim 1 wherein said silicon layer is formed by a LPCVD

process using big molecular sources.

9. The method of Claim 1 wherein said silicon layer 1s formed by a plasma source

with silicon containing species.

10. The method of Claim 1 wherein said silicon layer is formed by a plasma

source with silicon containing species in which hydrogen is absent.
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| ayer. 5. The nethod of Caiml wherein said deposited
dielectric layer is an | SSG oxide |ayer. 6. The
method of Claim 1 wherein the thickness of said oxide
| ayer is between 20 about 7 to about 15 Angstrons. 7.

Toe TSR S A WieLel Bt GO AU LBy s

atmospMEE Sl v 8@ fhosi b keMdul 8y &cohds. formed by a LPCVD
process using big nolecul ar sources. 25 9. The method

‘P% A gl | Hher g @Eﬁﬁ' f ShdrkiGOfe! @pLrabdicfQr oRg a@Mcﬁmg in a
pl'asma source i con contal ning species.
nitroge hienaypbdro b lm‘twédlmhmul SWherabbut KA0UCsi i con | ayer | S
formed by a plasma source with silicon containing
$peci esmethowbf tlimhyds ggedid&tabiaeatcomprisihg: The net hod
of Cdaiml wherein the duratjon of said anqealln q ﬁ
ATiBEeR SURPHES BHENE STkcopeicqivan Al gentag sy lagsdupoqgvhich gate
Secong}:t: echifes a;rrgﬁ) H@EE & 8w @h Thild M&)‘heﬂeg]ohpgre silicon N-wells
tenpera ure of sard neallng In a nitrogen
atnnspﬂﬁnﬁ?m&ﬂb&Mw&ﬂnnabmumu&mﬂmto about 1100 C. 5 13.

A et hod of gfrn1n gﬁ e déel rlc | ayer
ESHPPE &1 Py e BBLY Y Hz_f EbSk ekt & HRAEAY S | i con
%&9«119 2 5108t 1.90NRL Baig Wk fRGSRUPON whi ch gate
dielettrics afe to be di sposed wherein said silicon
negiabng saidesubsthdte on a Hisegdnscontmulhg reﬂPHwe“htlB th onlmacdlcﬁ mitrogen

silicon re ormn oxi, de ver
urf agBo GRS SREen I DRE GRS 8 Gt B Gp el in g givosen
| ayer ;Qy¥&hheRiidaehHeish@QVSF usiAdRge! Ny 1eil/d, sHRSiT,als@itrogen
in a nitrogen containing environment to introduce
nltrog@ncv$ﬁwb sai d S|I|con | ayer and sai d oxide

a nitrogen atnosphere is

Bost ‘Hﬁ‘%%ﬁé@”ﬁvpﬁ%‘l 53 NO, LB 02 or N2/ R as

n| t ro S urce a
gf%e method of Ccknm ??whu -ein said substrate is a silicon substrate.

15. T h.e method of Claim 13 wherein said silicon regions are regions of a silicon
substrate.

16. The method of Claim 13 wherein éaid oxide layer is a thermally grown oxide
layer.

17.  The method of Claim 13 wherein said deposited dielectric layer 1s an ISSG

oxide layer.

18. The method of Claim 13 wherein the thickness of said oxide Jayer is between

about 7 to about 15 Angstroms.

19.  The method of Claim 13 wherein said silicon layer is formed by a LPCVD

Process.

20. The method of Claim 13 wherein said silicon layer ts formed by a LPCVD

process using big molecular sources.

21. The method of Claim 13 wherein said silicon layer is formed by a plasma

source with silicon containing specics.
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15 perform ng a high tenperature anneal. 14. The

met hod of Cl aim 13 wherein said substrate is a silicon
substrate. 15. The nethod of Caim 13 wherein said
silicon regions are regions of a silicon substrate.

. The metho f.,C ai 3 wherein.sai d oxide |ayer |

2% nenBEITY NGt b S e s gy @ iSS! Byl By Brasma
source @hBisMcbd cvhaimgigkpsakdindepios hi@dgei glaBedi c | ayer is an

| SSG oxide layer. 18. The nmethod of C aim 13 wherein

bhe thiekness of cB@hd 30¥hd6in! (RY Bliralisn BEIA@ERncaBRROW a hitrogen

to about 15 Angstronms. 25 19. The nethod of C aim 13
atmosphirenebeiwsai abosi (it amuk a§ eeconds.f or med by a LPCVD

process. 20. The nmethod of Caim 13 wherein said

sitl i camclmydodid Caimed bheaeil P&/Rmpracesst waid nginbilghg in a
. mol ecul ar sources. 21, The method of Caim 13 wherein
nitroges FIposPRetcdphetaeFboE Y9G iorRbauhY! Og %I asma 30 source

with silicon containing species. e 22. The net hod of

@bai mThs mkardediClatm d3 sihicreso prifl Aigdrtempeigreranncalis performed at

oM th silicon containing species in
?gggﬁ ?g absent. 23. The nethod of Caim13

erein the  durati. f i,d | ' it
S oo e tion e GaidEn 2 St B s S econas 5
2fovidile MMRIEeSe AfavEpadiMok3raphiRk ahdl ddigiid emPRicatupbe afich gate

said annealing in a nitrogen atnosphere is between
about ddde:ttic aboube 1iposed wixgeinThig idemoggions @rcaiihyopgN-wells

wher ei n.sai,d hj gh tenperature.anneal is performed at
a tenﬁ@@%fh?gg%ggﬁ%%ulS%ﬁﬁﬂfgy%gf A met hod of formng
Fo@ahe aflbelde Gyl 6vdralyesur eapf da8d £ifconl@gphovi di ng a

substrate having silicon regions that contain surfaces
dporngaistisoydver ovir épidoridedayeir e t o be di sposed

%%&egnnl\}%%inghﬁhé ip?a%ﬁxartgth?&?uc@rﬁn@éclni iGN Wchs layer and said

oxide wherein said N-containing plasma uses N,O, NO, NIz or N; as nitrogen

| as
a temp%ﬁtlu(r: ; zi})g

sourees.
27. The method of Claim 26 wherein said substrate is a silicon substrate.
28.  The method of Claim 26 wherein said silicon regions are regions of a silicon
substrate.
29. The method of Claim 26 wherein said oxide layer is a thermally grown oxide
layer.

30.  The method of Claim 26 wherein said deposited dielectric layer 1s an ISSG

oxide layer.

31. The method of Claim 26 wherein the thickness of said oxide layer 1s between

about 7 to about 15 Angstroms.

32. The method of Claim 26 wherein said silicon layer is formed by a LPCVD

process.

33. The method of Claim 26 wherein said silicon layer is formed by a LPCVD

process using big molecular sources.
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25

and/or P-wells fornmed in silicon regions; formng an
oxi de | ayer over the surface of said silicon regions;
formng a silicon |layer over said oxide |layer; 15
using an N—containing pl asma to i ntroduce nitrogen

0L B AR SE PRI SRS ST s

source With'sQRLA coB@IHiGEHhecidd. The et hOd of Caim 26 wherein
said substrate 1s a silicon substrate. 28. The net hod

g C gi Mém@%md n%%%ﬁdr&hcs%m (&8P L@G@f&ﬁ"@ﬁ%ﬁf lasma
a SI i con substrate. The met hod ai &
sowcemh@ﬁdkmn&an@nmmgﬂmckayewhwhhadﬂ@gmnﬁk$gﬁgromn oxi de

| ayer. 30. The nethod of C aim 26 wherein said

deposiA sdtididelféahiihe a leaelicleSrianybSSmprkigde | ayer. 25

31. The nethod of O aim 26 wherein the thickness of

svatp\adlaguadauh%agﬂ@rhawglgo@{lwef%naﬁdmt Gonian gRges ppon which gate

Angstr -

i1 contrgafare 155 TREAOD PhethAoll SReARERRRD giiflon Nwells

met hodndfor Q’erlmfaﬁnwmrsdldnnsqun§| li con | ayer is

formed by y A iPCVD 30 pr cess ). mol ecul ar

JeimEean O5iskayeTKer iRt HHCEP @liﬁl fein said

Sﬂ)n{nﬁlﬁgﬁ sHR%R Tayed o QARG ¥ lﬁ%&l asma source with

n contai'ning species. 35. The nethod of C aim 26
wisegeimnNs@inthiging iptomal ayetrodgcforoga iso seiplsdsma layer and said

source cont ai. ni

Pyl ogatta dhpahe N ESHe R HRrROE SR aY gy & nirogen
di el eGhfyices, | ayer conprising: providing a substrate

having silicon regions that contain surfaces upon

wiei fohmigatdvigldicaipentyricesnct.e to be di sposed wherein

said silicon regions are silicon Nwells and/or

B7wel I'hefroethadof Glash Bb eodrraiegiidasystrate is a silicon substrate.

38. The method of Claim 36 wherein said silicon regions are regions of a silicon
substrate.

30, The method of Claim 36 wherein said oxide layer is a thermally grown oxide
layer.

40. The method of Claim 36 wherein said deposited dielectric layer 15 an ISSG
oxide layer.

41. The method of Claim 36 wherein the thickness of said oxide layer 1s between

about 7 to about 15 Angstroms.

42. The method of Claim 36 wherein said silicon layer is formed by a LPCVD

process.

43, The method of Claim 36 wherein said silicon layer is formed by a LPCVD

process using big molecular sources.

44.  The method of Claim 36 wherein said silicon layer is formed by a plasma

source with silicon containing species.




form ng an oxide | ayer over the surface of said
silicon regions; 10 formng a silicon |ayer over said
oxi de layer; using an N-containing plasma to introduce
nitrogen into said silicon |layer and said oxide

S N e T R W e

source @tA8AIcon 12511’{31711115-”?)@‘31%{11@1@11c@hy@o@hﬁs%ﬁ@éﬁ@er ein said
substrate is a silicon substrate. 38. The nethod of

% ai mrjg i %ae(afrt I9A% @6%&}4&&@ Buill ﬁgohqeﬁpa@ﬁué %9109P§ peffofned at
l'icon strate. . The met hod Claim 36 wherein
atmnmsmmduﬁkmdetﬂw@éﬂ i's a thernally gromn oxi de layer. 20
40. The nethod of C aim 36 wherein said deposited
dielectric layer is an | SSG oxide |ayer. 41. The
met hod of Cl aim 36 wherein the thickness of said oxide
| ayer is between about 7 to about 15 Angstrons. 42.
The method of Caim 36 wherein said silicon |layer is
fonned by a LPCVD 25 process. 43. The nethod of O aim
36 wherein said silicon layer is formed by a LPCVD
process using big nol ecular sources. 44. The net hod of
Claim 36 wherein said silicon layer is fornmed by a
plasma source with silicon containing species. 10 45.
The nmethod of Claim 36 wherein said silicon |ayer is
formed by a plasma source with silicon containing
species in which hydrogen is absent. 46. The net hod of
Cl aim 36 wherein said high tenperature anneal is
perforned at a tenperature of about 1000 C. 5 ti
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