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WO 2005/ 048333 PCT/ US2004/ 033411 METHOD FOR
é TINGAHIGH-I{GATEDIELECTRICINATRANS TOR
&M ON PROCESS TECHNI CAL FIELD 5 The prRsEH$2004/033411

'd”"e”“ on 'ﬁm%%rr%l ﬁﬂ:{ﬁd 'IE&H-IPZ:MSEHIE%EE for
evi ces. More pargily ﬁm@A? rodpgéention is
in the field of fabrlcatlon of field effect

transi stors. BACKGROUND ART As field effect

t r ansIESHSIGRLFEHERBT" ), such as PFETs and NFETs, are

scal ed down in size, senm conductor nanufactures have

ut i | i eefesei ingeniiin ds sensiplisi ipe el of spiejeondurprgprica &loserfiqulerly, the present

const ant rove PET 10 perfornance and
PErieasim e '3‘719 t&ﬂq’ F"f‘“%!‘ éfg"ldeeg%ft@?sgt@‘lsrl cs are desirable in

smal |l n%ﬁﬁﬂﬁﬁp%h%e technol ogi es since conventiona

gate IcS, such as silicon dioxide, are too

thi n aneld theYidsesh (EE N subl HFFETRMSFHTE Gre 6346 B in sidSsemiconductor
wel | as other problens, which decrease perfornmance and
n@kialods hive yiliof gdtdigectr rdslomg/elngh dplr.c@b kewmt Ciagh-kooenprove FET

during integration of a hig q$te dielectric into a
Wﬁﬁﬁ§?§@6?h ﬁ%rﬂ@%k?@ﬁmbWS&@§§ma‘H“%”%@ﬁﬁ%ﬁ??ﬁﬁ@%wsmme

corwe rgx? %x dtei c%ncs suc as sx‘l)%on Rm%d% 1&%‘?00 {hﬂlCO e?%%tltfmr]%g}gl&neh% current, as

@éllcémtiﬂg)i@Ieﬁ@%wkﬁdeg&tﬁ p@@o@majn@){ﬁrmh%ﬂr G@Fﬂf’[‘s gﬁw&a:d;ﬁtﬁnlleﬁggaﬁ !)c‘f:'m
layer situated between the gate electrode | ayer

SuhStdzatia of Mhid-kgat Gelete hoproges sidbepgate el ectro d e

| ayer, which can conprise a conductive material such

as pdhysieitomhiangrd fapiretionpr g:hss Reoghprating e bigh-fegate diglesiric, a\&ﬁ? %@hk can be

n_conprise zirconi um oxid haf ni um oxi de, or

Tlﬁﬁbﬂ@gﬁ‘%ﬂ agflf getrodg g g 6i“€’ah dl‘e§?°t‘é“t i é‘tﬂlatﬁ‘ifbe%f’ei?I‘i‘§§?’r"eFleFff?dedaye"

%) F] qug?ateex‘ﬁ g Qate eBQ %gs Th}c_a? e}/egwd lagé‘ilr hﬂ:g #llcjo H %&%ﬁﬁ% ﬁgﬁlai such

1 asma- can amage ema1 e gate st

ds B&J'sl-}'igdn,nagd Mﬁ’%ﬂ&%@le@t@f llybzovmﬁh Qlf1 Bl » aﬁl)rfﬂﬁlto&@éj ﬁaf:ﬁ\ﬂdoxmic or other

hi gh-k 20 dielectric segnents. For exanple, the plasna
iggurk nteddy a@uyalalip ctied tyia@hsnoin aplagna ittghaniberd el e@g tdnring the plasma etch,

mat eri al and can damage the chem cal structure of the

the rigamdcanifampes B pidepalls of thegpte e ingjuing cxgesedpopips e Egis clechodguand high-k

cl ean process is %enerall%/cg erforned on

SuRe-BoT Ve o A AN P REor s R L e o
(B&Qg% e aqexﬁ@rp ?x?l‘tlﬁ 0 ofqg ﬂ?lggd:eletcthue Al?iglgn 55@ e%h ﬁmc,eegst d V!’BFGIQIYP] 'ocess is

stripping o some of the high-k dielectric materi al.

AREHIS heBAkd ¥ the @AY/ GO0 BABVe btk Yowe, thk W& Cledn Blo@sstchiRiso damage
hi gh-k gate dielectric during subsequent process steps
hyrtdkheldicledtrictblh erigping pésotme efghe bith-It dirdecthi¢ ydterikd. 2&litdnatll, ewgen rwo laterally
material and the transistor gate. Thus, there is a

HEagintp e hishd sgle dicleayic duyine wpsequenf HIQpess et ﬁgatmftbﬁpmpen ties of the high-k

nt egrat.in k gate dielectric in a transistor
ddsrPadm g & et e d ic i .

Thus, there is a need in the avt for an effective method for integrating a high-k gate dielectric in a
transistor fabrication process.
SUMMARY
The present invention addresses and resolves the need in the art for an effective method for integrating a

high-k gate dielectric in a transistor fabrication process.
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SUMVARY The present invention addresses and resol ves
the need in the art for an effective nethod for

WOREEE ng a 30 high-k gate di eI ectri c i n aPCT/US2004/033411

fabric t|o

E’E?Il'? fj%é‘b% ! t?ﬁ%%%inip ar y'&c g%i?n At a me md fm founm%a pc?dlse/tfoct tlanms:f%r on a substrate,

SRRQAITRRL inclfelHRER QQ1SIE& fo lﬂth E]ﬂitﬁgw@thg oS ge &hf Eeage lectrode layer
transi stor on a substrate, where the substrate

tingddu ke imghitidghactlc lgbrpbegkds b GeploBaytRing 184 datd aitoaalle Gye@find thBHgh-k
substrate and a gate el ectrode |ayer situated over

titiestria jagphto Rorml galeetedhrvibere hagatestack eppites hash- kgiegrthé;ﬁeg@f;nt situated over the
et ching the %_ e el ectrode | ayer and t

BPETEREHE ShayLrerO Pt (i deaci Ry G Al g e
l%%r%xanr!@ ha% u%rto%d [t [ﬁunk( 1!@& Lu%&-ﬁu ledes aam t5111§alte o%\ﬁn‘ﬁgm oxide

'8 and gate el ectrode segnent

§4dwe eaiee;icnga{eesgm&la Bn B ;giasﬂk:m\dl el ectric segment. The

hi gh-k dielectric segment may be, for exanple,
haf ni AtRordiogi il exbradiani epadBicht] ipatetpd Eihecomisaypaiinthe p nitridation
zirconiumsilicate, or alum numoxide and the gate
ehesE Py buete SeslyiBpritideion trsespol Y sfrioresd b, opgerecditifgne e glasma to
t hi s exenpl e odiment, the pmethod further
BB S B0 107 Fis PR T PGP PO SBP oBBUgpp e oo o
gél&g@rfﬁsn@&ke bi M%mi@&&c s%g%éh& h@RPL ISRk h tRBer Rk ;&w&@lmmc

y, for exanple, 1zing a plasma to 10 nitridate
Shit@wal dxsnpRf Tihep (@ &Elﬁ:g 8t gedelectioitaly @ akdie hjgh-8 SiEBtric layer can be
conprises nitrogen. The nitridation process can cause
prrfoimedye mprocess eamigr, whensghelpiogiss- dkandbpred abe utiiiizeé toge@mafm nitggtibn process on
form an oxygen diffusion barrier in

e @Feéfe%‘rff’*‘éxame[eg‘ﬁe‘ﬁﬁmbof“?ﬁ“f AR Esf ‘é“h‘“?i‘i‘%ga&e'é‘b‘O‘%‘if‘aY%P‘E‘me Aig-k
% févgg %%egﬁ gebfgrme%)m a rst Ipx 0¥ & ha%rll)g‘ a&dhhee stlgp cg per tﬁi 11 ngg e m 1\/\}]1011 process on the

a process’c
Ea!az%ta&r ﬂ)@l%ﬁcd QHQEFB{E rol:c%s c@elm%&’ G’tﬁdx keht&@san a@vaﬁt@é'ef cﬁ) ﬂ]moltzstl@mventlon will
nitridation process on the gate stack, for exanple.
bddon@MRredaig aipfraind thode BBordoia® BiilOih thedrCiter r’fgwiwh@thg‘ato@mg detailed

el ectrode | ayer and the high-k 15 dielectric layer is
preqribtion md decpnparging frpvgtes.pr ocess chanber and the step of

performng the nitridation process on the gate stack
s performed in aPRECRRIRBrONEISIERRANIIGS o pey
Leat ulylgme 131ﬂ31atesda" %nsts%g%%l v%gv oE Jlﬁucme%ﬁmga Bc\énglggly tpa"]smYM éale stack, in

cone  nor e y appar ent those o I'nary
sdrdahce Wity an@nb@ﬁrﬁenﬁ)ﬁ‘ ﬁl@ﬁlesﬁnef\ﬂe@% ng the fol |l owi ng
detail ed description and acconpanying draw ngs. BRI EF
DESCRtiddikl2@GN fiakchadHimrdiAMME NGSenDQ: y riegoit se pdacdddingls tircah@giment of the
cross-sectional view of a structure including an
pRerplaliop. transi stor gate stack, in accordance with
one enbodi ment of th - Flgure 2is a
flowchart corre £ o st eps

JE 10] 3 g
accor ’qu E‘]gﬁe& vl :s%ﬂé%{@&jto %E‘otd f&) fnleg l&‘cﬁg a high-k gate dielectric in a transistor

fabrication process. The foliowing description contains specific information pertaining to the implementation of

the present invention. One skilled in the art witl recognize that the present invention may be implemented in a
manner different from that specifically discussed in the present application, Moreover, some of the specific

details of the invention are not discussed in order not to obscure the invention.
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present i nventi on. DETAI LED DESCRI PTI ON OF THE
NVENTI ON 25 The present invention is directed t

W%F’P{Bﬁwsor i nt egrating a high-k gate dielectrh CJWS%"%/"?’M“

tr ansﬂhc?& %m s in %Q%njes%ﬂ'app%guog (&]%§ §:co n-}mrﬁncf a@lla ‘e@é’%cﬂ?zon are directed to

description contalns speC| ic i nformation pertal ning

h&Qelf &en laﬁﬁp,ln SIARIAL D3 ke Rv@fion, TdWRinRINBS IR LothbrRMER k@I bS thE R @ent

skllleg inthe art will recognize that the present

invewtienire @nspeviligall desdringal st eedoniiirtiar andreempterecifiiafyfibriarnd by the

fromthat specifically discussed in the present

AMppt dredigh-on. Moreover, some of the specific details

8{3 S:: []‘Irggrlen%/}gg% a c(r)ons stectrgnapwewi)gwegﬂ%ggrdtlﬁtg‘%ioc%gi%gr a:1r<l,)95trnp§tarcy) gate stack in
({aHEQ"%QlQ)% c%%gﬂ Herlrt of t-ﬂpﬁesgﬁ Mtﬂg SSu ixcﬂuetl h[ﬁno@ﬁt%gﬁemiack 102, which is

app I cation and thelr acconmpanyi ng det ail

1058 b PbslrAN08 IRt Ghdk@EliRbdd QgediaRbilc sexterpbsandkate clectrode segment 108

enbodi nents of the invention. To nmaintain brevity,

otl e sidepnib 0@ et ebastfmentgate gpck 8 atn inchigegeinteifagip lager @0l in Figure

specifically described in the present appl i cation and

ar%‘atﬁ’dr“”% é’é*r Lf‘i1 Lesip §?g"f“f|“1 Getd sbsstie 135 Yrrrste 15} @Sk an intermediate
qe in at1argls 3 :ocess wtha i3 ut%zeﬁ)m N %TOS%& a&saﬁg\ﬁ‘bp{}%i“ﬁf/wﬁw m%fudcs gate
exe 'Pg S R T T hA R an” exe ary gate

@k@@& in accordance W th one enbodlnent of the

present invention. Structure 100 includes gate stack

102, AsRosh iniFgure $,intgbHa tieiebtd regeashiof i sifraed d@4subsEad B4 sitl ao komprise a

102 includes high-k dielectric segnment 106 and gate

ieifectereedesuaeghréww k98 haﬂandsﬂna&smé?neremﬂqa Greopip siliels, opigninum
i,nterf

(i)x(iﬁe, eIF 1s toﬁzg {hatél?g;l g%hk ? Hccﬁcsdﬁptémed qjovesaircf [rl%leeépﬁ% %h\l\% Esent ?ﬂphcatzop( are
%%ggy s%?ft E*{%mﬁ& gmpc;thcxll @%Qctr‘?’c&' R§I§I crll@tbgen;'pgf}ed mﬁtti{elﬂ&\sgeyt ifention is by

ustrates an ernedi at e O step in a

KBRS lisile@l 1RLRCEHS trfoée@dﬁh-t\ madetr 1bsSnchttohe|d ha@d Bl Gayf odf MIAr example,
PET, such as an NFET or PFET, which includes gate

sthackelediRegmbe | havinveiathidegof Btwisn afpiogipatikly Hi0eingsty pmsi a@d approximately
segnment 106 is situated over substrate 104 and
8P pasisms A s hoyh lq«ﬂ&sreér wae flrcr“tsie SeBRFE Ot ﬂretr‘hﬁrﬁz&%rc%“c segment
ggm ium silicate I rconi um

G urf.rﬁpol%srhc@ s of eX'mH3 %1 dI%cH & seFrhenp llﬁ) cah Iswe a ﬂ(l:la(ucss} of
&‘.\A%Ln%&lrc[xlnﬁﬁ%lymtﬂngﬁ% g@a%%@s(m@a&g 150@ (}Qhﬁﬁ{ms parts of the

present application ar nmerely specific exanples,

Whi | ea@tsh@nodvigdh-ideluabs BibBICdidleitlSoegiait [l @ 28 2516 cl@ode Feprha@y188] can be
and the present invention is by no neans limted to

fohved bysehiad a biphik ficlbdiisdazerhidgatdelediodd l@elt lnip@éverxem gaig pgprocess. Prior
herein. By way of a further exanp

idhe psstck Pleceeé@ﬁem« diglerg il R Y msf‘ ¥ .SL@fénfeéO& a’&f’fﬂ“’%‘f g faver
ﬁﬁ gerffrplfécﬂggr %A?(léhzk duhecfbfg g)?cif- 1¥1 (Ia)_.rqa‘i:’nn a nmfi:n ?O R]r Qr%( IIn ggttc %(t%n d}g)gegs, %1
SEEEA hlg’l-rgc%xeieéruﬁiytnléﬂ; tﬁéjgat@M&{r odgiaﬂhcarkbe(éﬂcl%h EQE&)&&% B8 BN lizing
plasma etch. In the transistor process flow of the present invention, afler gate staclk 102 has been formed, a
nitridation process is performed on gate stack [02. The nitridation process can be performed by utilizing a
plasma comprising nitrogen, i.e. & nifrogen plasma, to nitridate exposed surfaces of gate stack 102, such as

sidewalls 110. The nitridation process can be performed in the same process chamber that is utifized to form

3.
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106 and can conprise polysilicon. By way of exanple,
%ate el ectrode segnent 108 can have a thickness of 20
RG-S %pprOX|nater 500. 0 Angstrons and PCT/US2004/033411

%QPsﬁa%io%% Xe e;!cﬁprgceg JENGSE QT ongimb@d,lﬁ&@sﬁgm&%%m G, be

i'ncl udes |g -k dielectric segnment d gate

gl ARIISEH PRl cikAdfr h&AR ok, [ﬁ@roﬂﬁ@bhhme@ﬁtmm R@erfdrm the gate etch

high-k dielectric layer and a gate el ectrode |ayer,

respe btshokehodimen afer adae gt oduesp hoeds sompfingaste staplol 02 iy @moved from

%gte etch process, the high-k dielectric |layer can be
PITESEF ClpaY “%‘ﬁ"&é‘t H"‘éi”éth‘i@;f e*éﬁﬁocfshaé‘d fut gese P"é%"isr‘sd’a@”‘lleéy*éthc wafer

ctric

m 2 wep c?eaxktool rrﬁle \Izva er c%né); Ismlg nge s%r]c Ilé%ls hen Flccd In an%helax 0Ces3 chambexf %hexe the

%éxdﬁ?&ﬁ’-meﬁ 13 p& H)ﬁne@ bl%ﬁ: Kacg lO@l & Qﬁe e;lnﬁ)dlln@&( Qe ni@ﬂguoﬁ B&e@ @atx Qc pc-n formed
e ectrode | ayer can be etched in a process chanb

Ut kaleis@ikNgp iAmedpleBSMBhEIaG Bch phddest REbebupanshat or  proc ess
flow of the present invention, after gate stack 102

has bé@wmﬁmeE@nmémwnmpwﬁdaﬁﬁ@%ﬂﬁwébé@@ﬂ%§ﬂa@ﬂ@@ﬁ%@a%meml
0 ate stack 102. The nitridation process can be

B‘@?“? “SPYET PRI PETH {j“’e&*“’“ﬁl”ﬁ‘&?ﬁﬁl"%ﬁl PFShRE R ot e repar

d?“%% tl%t [!;M 0£G91g§ %8% acﬁ%mﬁm e &Me%tr @%F F f@d? ?rgélgzﬁlﬁéérlge%%%ghon

ate Stack suc
Blobeksl rgtﬂatgélﬂﬂnlﬂﬁtﬁéa@rﬁoﬁng@@@selb@Lc%ﬁlgn@f(}ﬁeﬂs alr@ull tlﬁﬁutﬁ)@mm is introduced
process chanber that is utilized to form-3 WO
2005Hh 848B33 sRCIt US20 Odn 03341t cageévent sitdespiole 102l dxpget difusion into
gate etch process discussed above. In one enbodinent,
piglek dielechic spamanbige Wl@g@@g@ueé@wcwg Stﬁé r P & raefineat oéthe present invention

rent proc

et B Son Ry 0F P Bt G B 6 EHLis PR T e e
Ri: Q&@r?ﬁ-oceés @an‘?eHﬁJg nﬁﬂp@g hagﬁe% deplarfdtnptﬁe 1&@1‘?{0@ ﬁ}e@ du%ﬁgclma gate etch process.
process, the wafer conprising gate stack 102 is
renov &@elfpﬁl Offand: BRLPIHOBDS ﬁocﬁsﬁ alﬁbﬁ}ienthﬂvhﬂtlbrlﬁtdnsts@l foResE DfTbntinues
the gate etch process and a wet clean process is
pestdrmechesn: tomentipf tansisbr irqesallone Forclaaaln stusehrain Tﬁkiens can be
waf er conpri si gate stack 102 is then placed

HpbPEER suB%tr@te 4 g(? eeﬁfatﬁﬁx@rstackmeqp@ezf ‘ﬁzébe fﬁ lnf(i,zidja(ﬁlft todﬁlcwallb 110 of gate
Qthlgg? ia:a i the‘nDr? anneﬁl foccss l%g‘gll%xmettl as wel as o%\er pbecess sterrleuned C? complete

rocess can

. @aﬂucgﬁkgfasz%rﬁﬁt& L% imredi ately after the gate etch

process has been perfornmed. By perforning the

ni t ri satrd Dhowp b OGBS iiborahl bl ckdnte nshdewalingto bEGmokingabiehe
stack 102 after the gate etch process has been
peseitdnentia; Cotie dipilemélturshwebre lgrueof Prvsbad 80 that wappragen (o a person
utilize the nitridatjon process to repair 10 danm

pipstonivay! Ble B PGP ST 0Y Bt PG b¥e Gapan aEpproaied
Qc}uipmgn‘? §r ma@‘l%(fjsl ats Ln%xqrgiln lth¥ %ijgte 9%. otf ﬁo%vclﬁ d E(g() aq th k%ﬂ[erﬂ)l 109%9‘?1&121&:(% over

rogen s 1At roduced |efec ric seg
4 Q8¢ at@%d a gﬁ&ﬁwoﬁe, IayErIQiﬁlatEH ot/&' @ Fifh- l$ dtid Byet d ke RAWORA o pate stack. For
into high-k dielectric segnent 106 can forma barrier
thaaple, g@dstapl 10Y @hith inbhde Sigh-ladidicenit agnentabs soxaed evar sthisidel 84 Ddgate
into" high-k dielectric segment 106 during subsequent
prteds syl 08 sispel over ﬁgldvﬁ'e@ﬁweaﬂﬁ@ AR6. @ betlieddy @@@ﬁfﬂfely etching the
i nv ntlon t hat e stack canprisin
e AR R R T

conpr A?s%? 20'3,' a%ﬁgldg%n plI)Jgs@ is performed on the gate stack after the gate etch process has been
4

dhe
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WQIHBPdkess.  After performance of the nitri

15 nitridation process can replace nitride that has
been depleted in the interfacial |ayer durinq?the

SHVB (%5()33411
I%[fgrgxgds $or E}tzam%Ie R %‘?& %qtou ch\és? P’%F p@n io‘cl‘mf!:d rcn‘fflélt% Ist§c§\ P REQE ‘?é%tch rocess

ow cont 1 nues 1N a shm mari ner as a conventiona
By 8 hiRdeediAELSHifate@MewalzQ 0 £ %2 WRKQ02. TG ;:3deR can be
regions can be inplanted in substrate 104 adjacent to

gebreed foacknildi the gpagers clean: treis idivadhededd) hegrbtcl pocess. In one
sidewal | s 110 of gate stack 102, a rapid thermal

anyvprdiagnt, piresee ghambepthat |5 éiffg &Y F ot theé)de (i ea dhe W@eeps chpw be@tuﬁlged to perfoz nt the

tretgglgqsﬁgcfsg {;ag ¢ ut1£zatgtH Lcré@gnéigegg%gt: FI& tétep iqg a}g traélswtor ploccss ﬂow is

J()Lt%% tﬂ?ﬁe‘f 1jm ﬁeéegs @tgdfs quu@tno %ﬁ[@tp!l a%sYot ﬂﬁkgg{g rgl%gégl{pg s&gce/dram
one’ enb he present 1 nvention. Certain

:@ﬁ&n@balq Be ﬂﬂgltefd ﬁ@&ﬂdfaﬁsotﬂ@%&at Reasskiefit, sfattts cfbve fohr@WaRGA Lo sidewalls
200 that are apparent to a person of ordinary skill
i1f oftchre stk 102, ardrtheesrpenphtenrocgssiad sps cmeby pecfomsd tg tomplbte Bvisatior of a
nor e substegs or may involve specialized equipnment or
tatiriseh & 285 known in the art At step 202 of
fl OVVCH]aI‘ gs d%giqséd ﬂgove b)gpelfoutmng 1 m1 Ezon 8 C?cessl%ygr §a§e ¢ %IJIS cgsg éh%‘[ét%gent

25 a subStra

R0t Fl@ceg 'ﬁg\hcak ug@tteefle%tdado@ or Lc@s\g Rlrep Bmb GGG, doQur & B ProBtack
gate s For exanple, gate stack 102, which

didaedi aleise thi g it pehc@d. @aditiohaly, sie gren tnvéh(n’s sindatiat @ ehesoMerduces
substrate 104 and gate electrode segnent 108 situated
ovoaen ith Hhhigh-kdiclsttigcstempnt ofdhs gristiek s9 Gat thediodse fofits o hasieh fbgt cail
approprlately et chi ng, t he te ectrode d

HEN HIOGH e ALt ok 45 0p PByE I SR A pEHE Ersh sors
in a Ig%t t?e q%gv% ofch[Ft%ﬁ gt‘%%‘empﬁk et§i§o§1Ben%Q}f"the i et@i%nt itk g:@l elsOfkt various

process 1s e gate stack after the gate
G PLPGRSS foh 910861 the Fonddk &Q@%/cs@,ﬂ &3e3Bon without departing from its scope.
PCT/ US2004/ 033411 perfornmed. For exanple, the
Vibrkdvergettlé Daninphtioc@ssecanidbewipeptitr nieehcon cogat enbsdiracok. 2 pORn of
after the gate etch process by utilizing a nitro
pdieporeigil inghemit prpvldiecpaaizathel ehipers cauidbt eﬂ%f“ f@mtﬂ'e‘ dst "at’é'l?"”l%@”mg from
tggr:sgw%lnétrhle q%?.}ate :t)ﬁ% it (0 e%ﬁe&%@@g eéwgﬁga &P bOfllEngl‘th are to bc f‘,@i]FldCl eg B all
£QeRGL Jhsgtme{]an@ AR BB RS RE RS Frershdl RNE mva{mggtommtd t0 the
a process c mber %a Is different fromthe one
dattic@ar exeh Ry PROGRSS dSHBAMEE), b isicdpbTRMmAn® ref @k de@Ent) hodiBicalions, and
gate etch process can be utilized to performthe
gobstimiiodat iihan doparidg Egrs the sidpe sittlepv@@@; t he transi stor
process flow is continued by perform ng process steps
requf?%%mﬂ%mébﬁﬁ$@t@”ﬁ?éﬁ§?% <gific if A¥igios faprespiion jregpss has been
% source/drain regions can be inplanted in

rate 104 adj acent to gate stack 102, spacers can
be formed adjacent to sidewalls 110 of gate stack
102, and ot her appropriate processing steps can be
perfornmed to conplete fabrication of a transistor,
such as a FIST. 10 Thus, as di scussed above, by
performng a nitridation process after a gate etch
process, the present



invention's process flow can utilize the nitridation
process to repair damage that nmay occur to the gate
stack sidewalls during the gate etch process.
Additionally, the present invention's nitridation
process introduces nitrogen into the high-k
dielectric segnent of the gate stack such that the

ni t rggafMBorns a barrier that can prevent undesirable
| ateral oxygen diffusion into the high-k dielectric
segnment during subsequent process steps. 15 Fromthe

above desCmididdofbr %m?%g P E@fdyeﬂ%ﬁb{?g{s%? teoilh% fsa%ﬁé@t cEi04), said

invention jt is manif at vari ous
be U¥BHFaRdl 0ninrlading wi Ingh-kwee!@mclamrsmmfced b@r@m&awuate (104)

f
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r ef SPBRGENE Beaxft ai n enbodi nents, a person of

ordinary, I t.he art would recogni ze that changes
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r estaid high\kadielbdiris i@ileslt @b§o be understood that the
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in a transistor fabrication process has been

described. 25 -5 CLAIMS: 1. A nethod for formng a
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el endevatie(lllayefsakl gateatLH (m2gr said high-k dielectric

| ayer, said nethod conprising steps of: etching (202)

said gate el ectrode |ayer and said high-k dielectric

| ayler ta‘hé MlefodbIGBLR 1SW ack, .. .. .
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ielectric segnent
ni ﬂeq@mqs&mmt&ms on sai d gate st ack (102) wher ei n
said gate stack further conprises an interfacial |ayer
situat ed between
4, The method of claim 2 wherein said step of utilizing (204) said nitrogen

plasma to nitridate said sidewalls (110) of said gate stack (102} causes nitrogen to

enter said high-k dielectric segment (106), said nitrogen forming an oxygen diffusion
barrier in said high-k dielectric scgment (106).



said high-k dielectric segnent (106) and said

substrate (104). 15 2. The nethod of claim1 wherein

said step of perform ng (204) said nitridation

process on said gate stack (102) conprises utilizing a
nitrogen plasma to nitridate sidewalls (110) of said

gate stack (102). 3. The nethod of claim| wherein
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snitrogen 25 plasnma to nitridate said sidewalls (110)
of said gate stack (102) causes nitrogen to enter

sai @ hi gih& netiteld @tﬁblalm: 2seigramaid it@ﬁbf efoRing (IUZ?1 k48 %ﬁ‘le electrode

for i, ffus arrier in sa
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gat &4 5 aﬁﬁ HOTes i edle sk (10 lbpp@ﬁéglsd dharbeeend process
10 sai dhgmiegess chanber being utilized to performsaid

step of utilizing (204) said nitrogen plasnma to

nitridate said sidewalls (110) of said gate stack

(102). 5 6. The nethod of claim2 wherein said step of

etching (202) said gate electrode |ayer and said

hi gh-k dielectric layer to formsaid gate stack (102)

is perforned in a first process chanber and said step

of utilizing (204) said nitrogen plasma to nitridate

said sidewalls (110) of said gate stack (102) is

performed in a second process 10 chanber. 7



