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METHCOD FOR | NTEGRATI NGA H GH K GATE DI ELECTRIC IN A
TRANS| STOR FABRI CATI ONPROCESS TECHNI CAL FI ELD The

w@e@smos33d nvention is generally in the field oPCT/US2004/033411

sem conduct or devices. Mre particularly, the present
i nventi on i METHOPFORINEEGRAHING AFHGHAt 4 FE BELECERY
ef fect transi st or¥A TRANRERORKSPARH TN FRAFEPSof f ect
transistors ("FET"), such as PFETs and NFETs, are
scal eg. down; izf; pi ze, seni conduct or manufactures have

i el ectrics having a high dielectric
constgg fwres(aﬁlt Rl @in k' g}nelﬁl@ ih 1R Y Bserdi EohdupB BV BIREDar@di By, the present
reliability. H gh-k gate dielectrics are desirable in
mveatioh isfiraitfidid ef ferigagontobfdhinGécoghse®rssi nce conventi onal
gate dielectrics, such as silicon dioxide, are too

thlnhﬁwﬁw_—é&ult in high tunneling current, as

T RSB e B8 R LTRSS

Q%hﬁfa&&es |h£z£ gtgigeﬁge{teqnelegtlcs ﬂavlﬂé Qﬁ@l%legﬁgc%o&latﬁ t“ﬁglllf” 11ﬂp{:bt/é)ﬁ ER
transi stor fabrication process. In a conventl onal

b BRScS i@ FelidbMBT HpR baIUicREHDE @SB silaFICIO 0 Featirt 51 teahnbibga sikce

gate dielectric, a gate stack can be fornmed by etching

a)ngaattogal gledletertiysl euch ays'@qcon Qippg’{ie,atreMogﬁlakd gy edsdidn Iﬁghéunpeéj&gé:prrent as

situated between the gate electrode |a

S’El’c?é ?t’r‘eaff@’l‘imﬁ “Qlcb‘é?fréaseé%eﬁ%maﬁ?ed’&dé§‘§b‘ht’T‘HEE%aIiI°é” ik @8?“1”’88?8 oeeur

| h
¥ Shr ) o D R R PR BRI Re T T S U

can CQUBleifond i GOR bR brg@ss mb(@ffoﬁhﬂémh@%k £, dieRéiricOd éﬁt@ ktack can be
hi gh-k material, are typically etched by a plasma Iin a

Pk rd BPetdBing dizae bl&iﬂ"&e Nayer bi@weitel dieldil¢ layagpittalté bepteagirratetiainde layer
the plasma can danage the sidewalls of the gate stack,
pde bubbeliain i 23t ewgeefso Fheisgrelecteope leyan Wé‘“‘él%‘éf“%‘éfé‘ copfleptive material such

h-k di el ect
e%%ly%tcew'mgfkg@g@ PR SR ERE W B ) BB RO oother
Ea}blﬁmzi(erlali 10%?%01%@ sn‘ia ap?am&gilamt%; ﬁ-fd@év%rcﬁlrll%ftheﬁnﬁﬁla etch,

fter the gate etch process, a wet

Gk Figktha Bh %ﬁéﬁhe's@ev@%@@&@éa& WacR S h@fe¥Rfdse@poritohia f gitteRctBdeatdhigh-k
to renobve contam nants. However, t he wet cl ean process

dialectrilsg@entba Fa g@mplé) ehe blasgmeak etehi agby@pbHfidno! thpyhighkdicloqyicrrgterdnt 4nd can
sone of the high-k dielectric material. Additionally,
dxoyperaie coivallsiciate af tllﬂ)}ng&kfhﬁlﬁfé“é A5t B SR ESHFGHS KV alfaé process is
g%?grlalleglg%%lgq%fl ?rgté gat? st%c b%e?_]n \l/'éeccl?rkam dlgn s;: ggvi’eygl’”gl%pwsé&c%an prqcess c%n also damage

%hlg glgﬁ f ﬁfpe%l#é ﬁy‘%{rlpﬁlﬁtoﬁ“som-g Iaf"tﬁe hlgt'x Q @J‘algctric Hhatekial) %@gtldnﬂlﬁ tot@y%erﬁ:ﬁﬂ laterally

or "an eftective nethod for integrating a high-k gate
direde 86t iNeinGh-k Batediictebtad Mg idkeqie Plote@atk s @l afi MEEGBrties of the high-k

SUMVARY
dielectric material and the transistor gate.
Thus, there is a need in the art 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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The present invention addresses and resol ves the need
inthe art for an effective nethod for integrating a

whe@hokssgat e dielectric in a transistor fabri cBEtT/082004/033411

process. -1-According to one exenplary enbodi ment, a
met hokedrding i e prppipyempedien. aafetedder fprmiggaf egiceécht sisipr on a substrate,

Sli%glstktg%{%%ugt& in &cg?seﬁﬁné-kghlg#lg ty%?}téla edloneglh% Sl}ll s%%t il a &Ez elléctrode layer

%tga o‘% tﬁecll:igth quleétx@faggr cglln;';rfslégg &éﬁ opé{cﬁi‘hg tt'lehggte Eﬂacggh'e Klyel and the high-k
lectric  ayer, conprises a step of etching the gate

8H&GE RIS oY Sfe siadROvibd e fite@iack konthiiel AtdhikidBledt@)@nert Btuated over the

forma gate stack, where the gate stack conprises a

fbgyhe dod diasleletrbdeismenegnaad bvesthe hightkdidleatripesemerty el he highslt qie&t?téc segment

and a gate el ectrode segnent situated over the hi g

BYER. &% efample, §9éﬁ%%tde hafpjen fh‘l"@‘h Zifeonimepige; f“i"?“&‘mélé‘@‘”ﬁ‘f‘e‘?’i ! ‘Pr‘ﬁ“)?“ oxide

um oxi de, hafniumsilicate,

?ﬁdplééalﬁee{ﬁfﬁ°§g?g8’§ﬁt°a§?erpé) i silicate, or al um num oxi de
and t &gor@%tt@thlgéx%larr}oé}@odﬁﬁmethG@fGrthbﬁ‘corQ&{se‘ﬁ Sdr oA nitridation
According to this exenplary embodi nent, the method

prodeds Biethe 10 FaRK.| The Sitripedibf Bdcest dagbeaerfoirie byl ﬂ)t ¢x@ipleputid S pla@mn to
the gate stack. The nitridation process can be
peiddtaidemds db e gafegiackendanr ik elasmmompliiSZSiniﬁ*ggea %P ’@i@iﬁséont Rgpeess can cause
nitridate sidewalls of the gate st

b‘F%%‘Hﬁe“?b‘Hi)‘Pﬁhé‘é@leﬁ”ﬂ%si’gﬁ’@% A o ng“ﬂlf&&?ﬁ 8?‘1‘“& %Q&Jé‘ diglggiic
(s:e%%ecr’xﬁ for exam %g 'l::he s{ep of &t 1t1r fthe %z!?eeeleg gmayiér aﬁjd tl?el h%ﬁ i( Gllalgctr§ %9&‘% be

n- oxygen di I on arrlerlnte hi g
?éri%llm%@lﬁ Ebr&:es% SRRER tvherd 104 prR%AINIALE: is akb Riligd B er@im Bt ﬁﬁlﬂaﬁ@l process on
he gate el ect rode | ayer and the high-k dielectric
thay-@fstakoftr ckenplp £l bieremBitlinien, tg stpr < eering the gréevioenode laxfrendghethizle-k
process chanber is also utilized to performthe
Aielectric e s onifopyedin @ 85t repgest qﬁ@lbg‘&t‘déheéiela‘é Rerfopriie the %‘gfﬁ‘mo‘epm‘?sﬁ on the

gag{;@i:ekrlrg%%& g%g& z}ffc}a%epr(o%%?e %Tng)&r gthel Igﬁatggse apcp e}%v t%tese ?f %Je ﬁg%nt mventlon will
%‘ecom ‘e 1’&518 Qﬁ)ﬁx@nt %%@Q@&mﬂﬂ@mﬁ Q%e §x¥ £ r@fewﬂgﬁli i@l‘ioWinQ geta‘ilaje

i'dat i on process on the gate stack is perforned in
&s&@ﬁlﬁ@l@a&fnﬂﬁ@ﬁ@dﬁﬁaﬂber & her features and
advant ages of the pr esent |nvent| on will becoms nor e
readily apparent BE (& AVWERGE | in the art
after reviewing the follow ng detal I ed descri ption and
ac co n’ﬁwﬁﬂl lﬁ’@tra&f’ Wsﬁj@‘mm@ﬁa PoReLr oS {iPaIR SHORPIqFfEensistor gate stack, in

ustrates a cross-sectional view
‘l“’rga“?twﬂtﬁ?f? 8?%88“1?%1’%8P‘esentgﬁene(’)r(len'pl ary transistor gate

St aCk lJI 1%95h%@&9%p%1¥1&0 Q{@ﬁpla%rmgd %ﬂkcogfng tol3Be embodiment of the
pr esen% [ nvent| on. Figure 2 is a flowhart

cRh@asRaRdi Nng to exenplary nethod steps according to

one enbodi nent of the present |nvent| on. DETAI LED

DESCRI PTI ON OF T4 PEN] d Tventlon is

directed to rrethodfor |ntedgfrat|n9 19 lé g .
di el eEltelp{eientllq)fenaontledérﬁ%q gotnlﬂho or integrafing ahlgh- gate dielectric 1natran81stor

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

the present invention. One skilled in the art will 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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fabrication process. The follow ng description
contains specific information pertaining to the

WO epbessss at i on of the present invention. One BKI/DEmMA4/033411

in the art wll recognize that the present invention
may b“éle frrpnes Wé‘ﬁ@@ifntuawh%%ﬂmwﬁ‘@v EPHE eI AP 4t directed to

aII di scussed | t
R}% g%?%negt]s e érlv%l FI)OéLC{r mamPa %{ewgll othe egilb(%dﬁ nts c%rl‘le present
inoe\éé?owe A5y RifRalh <a$smpééa%§tu§p$e@at a!palcaamg& ard W spdeDcaBPiBEHHi by the

he 1 nvention. - drawi ngs in the present
g&ghm&ahhon and the|r acconpanyi ng detail ed
description are directed to nmerely exenplary
emb o diigneritsiowo f creskheectionplrdevt df gypxeniPlaty steictre BFIpAing psyenpjary gate stack in
ot her enbodi nents of the present invention a ot ..
&EBENF MNP gmba%@@r 9 BedreF mifeﬁtém prESEHtY B S PTD Al
ar e ot s%rg)tfzﬁ)l éa(t:e s%ckylﬂi 1ncluld 1 h- 1t< c? gecp ¥se%nl:1]e§t 19{ a%§ Eaﬂ:telect ]pde segment 108

grasionye ur e ross-sectional view o
%%ﬂ&ld@\ral}/s 194 ﬁﬂ’(ﬁ& u8dithddE éaﬂ%dﬁgoﬁﬁh RO AR in@Frtia0 @B ds $haikin Figure
I n accordance with one enbodi nent of the present
i1 RM3d BefMden high-k Hielbottte €2gth 80106 ma bulighets 10gastectgt HO Klusdr@@, an intermediate
which is situated on substrate 104. Gate stack 102
Btrraih atchesistohireskss Rovithasis aidigqd jiodors @ Gk preh 28 @rENERR @ BYAT-avhich includes gate
el ectrode segnent 108 and has sidewalls 110. In one

i nent, gate stack 102 can include an interfacial

| ayer {sﬂt%&n m‘c’fh é?lygq H:{i -k dleg&r{cgeg&llnt ﬁ% gsgiﬁlgtgcfjovg SlhYee li]04m1cg£h c%mprlse a

di el ectric segnent 106 and substrate 104. Structure

%inQk dididctts tchﬁis@lﬁfmﬁlﬁ] mdlcﬁ thexmhitee sliicat, @ircSiig{oxidé) zijtodiunBu Bt br@Kiminum
process flowthat is utilized to forma FET, such as
arideNR Efot@inhaRREEh-kiiklkadhs hatdeidese ganethe pake kftbb@@sentA@hcatlon are
shown in Figure 1, hi k dielectric segnent

sierely sesls copeles whils shy %&qb“ digfpatricy ﬁ‘a‘ldé‘é‘hbeéréﬁ?iﬂ %%thed”ﬁ?“b‘ﬁveﬂ“’“ is by
dleleﬁtrlc suc de, fn

26 PR, ?nﬁ?%to ty(e uaee Ii] onfy tll'go(%eah rﬁh kldgllec?r cs men 1one erem Ul%n V?ﬁ' !)t1 a%@tke? example,

um si

néﬂl gﬁelec!rlt sekﬁenﬂgg 9\9 hatfbﬁﬂlcl&@seof Bkltvgzth agprgéin?a e@@@ ) AI%&roms and approximately
nti1oned above and in other parts of the present

Al Angsdbrhs0 AlsedhOw TRFiQlrdy/1, SR eledubde eg@opartp Is Gisiatcdihadr high-lodidieiric segment

hi gh-k dielectrics could al so be enployed and the

pocesdat compriservtysitivan. | By wayof prompite aatpleptiopd seemgnt £ Q§ cnthave g Giskngss of

only those hI%h k dielectrics nentioned herein. By way

éftwﬁ“ PEPHRETY LAt 1 RO P e e %egnent 106
C an hay gaoten%a@k lollhI Iw‘k:n}((:lpl%cﬁu esr%%l['l 9?1 é:l\ﬁggzgrgeg 09 g%h ?;%teﬁltééde%ggngnt 108, can be

and appr oxi Angst
?&?ﬁm l:t&ungh ge l@dle:lectrug@}relean@al dae Elgcggi@laﬁse HRA eyl B8 ghieich process. Prior
situat ed over hi gh-k dielectric segment 106 and can
GORAktk 8@ pRedsy it highQQiRklectiRylayeayh boforn@X arhiBirated 84 @d the gate electrode layer
el ectrode segnment 108 can have a thickness of between
apve DaeiaeahahighGOicletitirye inamamer naﬁhﬂﬂé X e e egﬁh givic R
Angstronms. Gate stack 102, which in g % b i
d?‘aé‘P‘éé‘F Pig'&k elgPie ver 19 B g qeyate oy ure ‘t‘ FBgdn "s"é(’g‘f*?% fmbgipg vtilizing 2
ggsma etch. I té%%u swE)Ypr c%sg H&vﬂg th@prtgt:rg lﬂvehtlog Iaﬁér Eacfets{a&kq Oi 1AYtebn fé}fﬂgd a

te e ayer respectively, In a gate etch

RitReson §roceP fsl p@forhe@ of AR sERI®@. BleGilidRoPHRSS can béRiiddngiby Wilizing a
dielectric layer can be forned over substrate 104 and

tphﬁna@éﬂi;ﬁm@ n@otanoce mltr@ﬁepflasma, 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 utilized to form
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can be formed over the high-k dielectric layer in a
manner known in the art. In the gate etch process, for

wez@spkss33 t he high-k dielectric |ayer and the PEI/ES2004/033411

el ectrode | ayer can be etched in a process chanber by

Gt 97 0?@ thy g’ﬁﬁ oirh pracegdistrsediebp e ieong FbRUP©b BF niffagengreagess can be
r;]xer%)or eg ina d{t]fgrelg rr (%% ham{)etr t\{x% e oneral e. t@e ptro%gss &%b@r) %thz ?ko Iper%gn the gate etch

Heen ation process IS’ per
QRtSs. Bk lémgogl%ent The thQéaE'ét'cﬂ@JcésQ Phe RECRCESDBsifpBRte LK 102 is removed from
performed by ut|I|Z|ng a plasma conprising nitrogen,
ithe @rocess chbimbér Of)2dl tqle@S Mt gate@ichprdckss ghal b @ct elp oo ek iperfdB @S the wafer
of gate stack 102, such as sidewalls 110. The
rirl & vrel adpait b nlhp W@f@éwrié@r&ﬁb@d@l@% i Berptreed iiwnqtfr‘f@)r@em@amber where the

process chanber that is zed to rm-3-
ft?é‘a"l"ﬁ PP ISPEtOBm g PREe P 6@%3@ oRfi e%‘%‘iﬂ%‘?‘&dheﬁ%iffé’g PIPSsss 8"}’@6 performed
be perforned
%nggga QLPQ%¥% 9%%%%%@%ﬁ§ﬂg§ﬁﬁfﬁgﬁ”§ ewone (i.e. the
processy p@xﬁﬁrﬂb@tﬁa nitkidatidn b%&ﬁ td f@ridaR kiflehIR td’b@ga@@tﬁ& 11266 the gate etch
process. In such enbodi nent, after the gate etch
procsdgsheentpbr@rmyvE ftigpresginymiigismycegdioe cap udizkthen@datiog process to repair
renoved fromthe process chanber utilized to perform
tdﬁ’@g@batt ’éayé’ﬁ%ﬁ" gﬁ%@@é%} dyying thy gaxP@é‘th EPEE nAd;S‘F‘E)‘E‘éVs uripgghe nitridation
erfornmed

é)gﬁ;f)sl, xintgogsﬁl is 1&tr0fhé:ed Sn\%qaln%( kﬂigctrlc segfnﬁ nt ‘I:(J6 sa a é eésgI? hé n1tr0ﬁenttl|1,v:@is 1ntroduced

%M@%leﬁgmnt 16’8‘2&&&& B'a@rlep&xatt Ealn gl%htgﬁheﬂﬁ&q§§'§ oﬂyg:en diffusion into
performed on gate stack 102. In one enbodi nent, the

mmhk&é&hk@ﬁmﬁ%Hﬁeﬁﬁgﬁaamham@eﬁ&@kﬂeﬂaﬂﬁmgﬁm@nﬁma@&mﬁ@%mmn
i medi ately after the gate etch process has been
prerutiiresreede stdl comerising pnmltm;gciql lagsr, where thedigr facigh laysr @@eréﬁss nttréﬁe the
nitridate sidewalls 110 o ate stack 102 after

ggorprRtes ﬁ?“d??@%eé“%?at B 8??“ artrp la*el fapipl ygs F%%fm oB e process
inve ntAlﬁglrber or alrnga%?é%mt Jia%ﬁ/ pr%%gg th I lséntzixgleét 19 s tgtllsgs[o} pqagls H(QV continues

process to re cur to gate st
102t R 4s Q@on&ﬂﬁo@al @Jnﬁgﬂ)r RbLG Q&S FoAMipfeJ sORRkitaM regidﬂé rcénﬁlg

the nitridation process, nitrogen is introduced into
hihiate&in lib@ilae Claraiigrers © gnesntk 100 acesan e fo@sdiddtagenttdrdlewalls 110 of gate
nitrogen that is introduced into high-k dielectric

Stediritdnt raf@ler 0 pnfabireppsgcap keypprfoapediapwgl! apadhsr P5deesy Bt required to complete

.undesirabl e |l ateral oxygen diffusion into high-k

- dePERER T sy EhT @ Tte durlng subsequent processi ng

ste ps Fi él!ll‘QZ ﬁ&vs%’ﬁ@x?a%r atlr% an &Q&law n%ﬁl@d’gncol‘dﬂg %Qhe! e%odhﬁﬁl‘bf the

util gate stack comprising an intertacial |ayer,
\M%?eﬁt@nvt:dﬁ@l BRI dEtas bd FeathrayheVe b&R BRIV bk FBGwIRAE 200 14 are §phdent to a person
nitridation process can replace nitride that has been
deplietyekill inthetut eFor axtngpitef aatcp ady conaiyt @f oncluy mioms gubstdpeocr gay igvobrt hrialized
process. After performance of the nitridation process

teﬂi,@)n‘ﬁl?t agpserialy, WW |mdlﬁ: ag. At thﬁ?@% (gtﬂ@ychaptizg(b é@@ qulegw ic layer situated over

é?lnues [ m | ar ventlg
C)

ﬁg §Itd &Igat%ﬁ]estéogglgyerf SI‘“S‘\XF ov e hlégl% dla(fctl iC Eger ar? eé e7d &o f01m a gate stack. For
e?a%'plg ré’ac‘ce &a@@log %hlcmh@&th%g k hlgec§fd &Jn@ltog sn'!th% o@cﬂ!u%ﬁﬁ@ltm £n9 gate
gat e stack 2, spacers can ornmed adj acent to
Sledouatdmsnt lthmﬁtfed @gahgh-sliaciic éEQQent 186, Ean pé formibd 6 fappedpriately etching the
anneal process can be perfornmed, as well as other
eriodasse Bieed the gl diskeerid lyerdp nibikie alafnzmlyich io a tdtegish pypees.
transistor, such as a FET. Figure 2 shows a flowchart
i || ustf &P P?ﬁ‘ga nifF{datisperpprest Ay TRt H‘Eﬁ‘ie gl ok afene 215 igfipeocess has been

enbodi nent of the
e
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present invention. Certain details and features have
been left out of flowchart 200 that are apparent to a

w@ersoss3sd ordinary skill in the art. For exanrxtEUSB)04/033411

step may consi st of one or nore substeps or

PO %eﬁaé@iedhq njteiatiop BT FAB At PEGTMFTeeh 81 S 02 o4 g ﬁﬁwfh process
t
(Ly ué fméng ta mr;r(():gelr asmaS to glelfia%e st%ew&fls 116 (9 \nge s%c 10% 0[9% n1tr1dal£]ca1%1 0Cess cfan be

yer

Férfgl%'é& ﬁ)qj g(allnﬁé’ ﬁ"lrthe §e{rJe Hx@(teg @hafal\fe?ﬁmat ts Iﬂﬁlzail t(gﬂ%rf&m @de Ezltc%%fq Frb&ss In one
ayer are etched to forma gate stack. For exanple

go@m&k, @ GiscedsQimbamthhi Gllifferar® Frohti@Sonk{i. g ihelprossh@ery dtilized to perform the

segnent 106 situated over substrate 104 and gate

gdicesh prode cadgwitirt to b@Rmsthaniddatéod proseesr AtpiegPiokhedinmsistarraedsetlow is

segnent 106, can be fornmed by gproprlately et chi ng

f‘ﬁ@m@%’t/ éer@“é‘@tp’foﬁfé?étel’sé%ﬁ@’ied | ﬁ‘b‘"‘p{eﬁ a“ﬁ‘ft?j frPcaipn e PRI Surcelaain

regg anl%X1 {anted in subsgaéiop ldJ%cSerq?o tes(% ck OQ aacegs can e%}rrgela adjacent to sidewalls

I on proces

p@rot' é%{em I@r]antl t};ﬁ‘er %‘bﬁlaﬁ %%ﬁmgg\;teqaﬁfan l;etﬁ@fogﬂﬁ 8 c&ﬁp%té fabrication of a
process has been -4-pertfornmed. For exanple, the
RinkistordbadhlaOI FEPr ocess can be perfornmed on gate stack 102
after the gate etch process by utilizing a nitrogen

pl asnEhus es difrussed Baedy gy far@waﬁ Pl@d@"wocﬁé%f'éf @ﬁtﬁ“é% PSS, tygpgesent
nitridati on process can

P et R TURPE R G PP B b R g oo
glﬁe%#g %Srglg E}L alill e&( (8&:?5? SAddl idhal rﬂ?e p%@ﬁrﬂlkmmx il Enggeg%%oduces

erent fromthe one (i.e
RiE- QLS8 the RanP@dichritledntchiz Bk chi@stRRfubiakpMId rhﬁag@adnﬁs a&)ﬁrﬁb that can
process can be utilized to performthe nitridation
pleGoi@sdssiraid latgbl @pyeR@Bsion g teh@nk fligtchic sepnatdets sﬁbbegwtlps)cess steps.
conti nued by perform ng process ste required t
conpl Bpa the pbgyripsepgen of xpofer 1 pogipents E‘e @Y@ﬁ‘i‘?ﬁ ft) manifes hat various
source/d ain re ant ed

I O i..n
gal]nggeé fap ? Lged 5%{ tmgvlemf:rglré%(ﬂaefwepts o{gl)e 883I§e§t 1r(1:v5nr%10 w1 ?ctleﬁzgt élg fr om 1ts scope.
meg&xe Qﬁlle'ihg m%ngo%\ﬂ@ lbée§ degzrl&tl W%&lﬁg Ieﬁfelfce goQg‘tam %ﬂﬂdlﬁl&ﬂe‘{person of

appropriate processing steps can be perforned to

clafR adiBn hedrvotidtetopiize Ot cRindes @NSbeSitae in foSLiaMNdeAS witholt Eebarting from
Thus, as di scussed above, by performng a nitridation

pe et 88l e bdoperof e ig@ttion. éﬂl@dﬁSC@B@@(@g@ary e@rﬁgiingpteg ot pe considered in all

i nvention's process flow can utilize the nitridati

g e BB Tt e e Sgafiate o e
i%tgo%llér e§emdﬁ‘y emLO%]ﬁ‘lerRSrdeS@I%C(¥l eréin %attls capagle (,q ml?m Qeagasn ements modifications, and

resent I nvent at’i on
RlbQeRSE wat%hﬁd%mmmets&&g% 1h\)axtti@n t h e m g h k di el ectric
segnent of the gate stack such that the nitrogen forns
a bar e methbiertr ia@nting b Byteltgate ticlebes infaarhisigor fati@tia proaxsyhgpebioen
diffusion into the high-k dielectric segnment during
desbbelquent process steps. Fromthe above description
of exenplary enbodi ments of the invention it is
mani f est that various techni ques can be used for
i npl enenting the concepts of the present invention
W t hout departing fromits scope. Mireover, while the
i nvention has been described with specific reference
to certain enbodi nents, a person of ordinary skill in
the art would recognize that changes could be made in
formand detail w thout departing fromthe spirit and
the scope of the invention. The described exenpl ary
enbodi nents are to be considered in al
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respects as illustrative and not restrictive. It
shoul d al so be understood that the invention is not

WO povsHes333 0 t he particul ar exenpl ary enbodi menP&I/US2004/033411

descri bed herein, but is capable of many
rearrangenents, nDdlflcatlons—4§#§ substitutions

t hopt d I
\./I.\Ah us, O{J met EO% rtl% Icl Pogforrr 1% a ﬁel{] Ieeffﬁxé[ ?rzan@ %or oi}]a it(xg]s?rate (li]() g:;%d] sgngttrate (104)

inauc%gta Bi@ﬁ'@ biSitcRE la§e@§ﬂ:ﬁéte@ &led 28 suQJtrE’c@?@tﬁ arld a&w&%&ﬂade layer situated over said
descri bed. -5- . A method tor formng a

hibiek delefit e, saﬁcrmsa @hpkinowpofsubstrate ( 04), said
substrate ( 04) including a high-k dielectric |ayer

Si t uatierihe (0B paidszale elecsadbiater aid @idéﬁ:g@lﬂ?iel%fﬁid laygr g & a gate stack (102), said
el ectrode | ayer situated over

peyer (et e S s B et eGP sty
?lg‘cltrgdegat gn};@!)iﬁ]sqttugte%g er a1%¥1 l[kkﬂpe(«j,tblt?'%én%nnlogﬁ k dielectric

e st gate stack
( 102) per f6RNR (Zoﬁbﬂxgld@lonmr@as ¥ seli @le@sdriog. segment (106)

situated over said substrate (104) and a gate

el ectrode segnment (108) situated over said high-k
dielectric segnent (106); performng (204) a
ni t r i dat i o?H1e mths@é@?mblnwhglalp éfldcj“élf ¥ reforrine (092 nitrigatiompppgess on said
€2§eos2f)>k (é()%F c(?mﬁr stmtlll in a|1 pgars]ma tcr) Igtéle Iéegsm%s)vst/naﬁsglal%{ff E & ftg srta{érllc @ %), said plasma
Q%%g%gggggﬁlses utI|IZIng a plasma to nltrldate

ewal | s"(110) of said gate stack (102), said plasma
conprising nitrogen. 3. The nethod of claim 1 wherein
said step of performng (204) said nitridation process
on sab.d gafhe m@b@@f@la(nimﬂ?reie a@ﬂsstesof m@rforrré@éw)tsajd wirigagion PSO&¢S€I°H said
hi gh-k dielectric segne & nitrogen formn
87 HRY Y@ RPTIET BB é%‘drfi‘gé d‘i"*‘ﬁ"“%‘?gﬂe’?ﬁ Y-8 HHoeP &EPRS aé‘ Brygen
?Etgshon %ar 16(' 1n salz hl%hq-( dleg\ctrfc s%{nenq IB% r f 0; g: Sg s Sb;:l I'elai(lj e eE f SZ;
|nclud|ng a hlgh k dlelectrlc Iayer situated over said
substrate (104) and a gate el ectrode | ayer situated
over 8&ai d Ringhvdkor thintihgaditin-bfgectitangigivr,on § aubsthati@e4h) gedh substrate (104)
conprising a step of etching (202) said gate el ectrode
fralydire adistik dielpedic kv Hitdted dicetrid etrtipie (DR g g%tetfleﬁt@ﬁqﬁyar sgjgtegover said

tack (102) d t tack (10
St T @ye§é§4?%w9%ee§e§g S5 00t GO e e
(ilel,ec c layer 0 ﬁm% gat séagl% @(?‘2 % gaglgggtersriaglg %og\gn:lsglggklu%-ﬁrf%?ﬁg%e&n\éQr(l06)

lgiﬁlla.t&g)v& QQJ ke (|l Oa)?aqd Dte elRBEE QEMINNT0SE DAY ov@r sBibl hifH- i dotBlsegment
process on said gate stack (102). 5. The method of

clos)i said thetdiibeiny charstaiized lyt ep of perfornming (204) said

nitridation 2pr ocess on said
performing (204) a nitridation process on said gate stack (102).

5. The method of claim 4 wherein said step of performing (204) said nitridation process on said
gate stack (102) comprises utilizing a plasma to nitridate sidewalls (110) of said gate stack (102), said plasma

comprising nitrogen.
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gate stack (102) conprises utilizing a plasma to
nitridate sidewalls (110) of said gate stack (102),

W@ 2008/04833% ma conpri sing nit rogen -6-6. The rrel’(tmﬁsmf)4/033411

claim4 wherein said ste erfornln (%204 saij
e onegrBB L E e Gy o Rl G b Bstuoces on s

%a %%%398 &) La se?xﬂ]:oggn tosegtL:ranIﬂl&h( dliglegélc%lag%%&t &1'0@, gﬁ? Iglg(gg'ltformmg an oxygen
sal trogen forning an oxyge I TTusion

RS boerribrih s&@hlgl lhhe@ﬁncksegﬂieﬁl(l@@t ric segnent (106). 7. A

met hod for formng a field-effect transistor on a

substrate (104), said substrate (104) including a

high-k dielectric layer_ situated over said substrate

( 1 04) 7a nd é m@‘é‘tdéor &reipg %ftﬁldéffefc‘d";?‘élﬁt‘”sqnﬁ E}‘é‘ttrétﬁ (184631 bsfrgge (104)

1rfcgd1 Ch,;ﬁlh die lft%' er Sit%¥26e ro{/er aacl su qvls %1%% & erléct“?odg] layer sﬁua% over said

a er ah

h‘ﬁg&ﬁ d%le(ﬁlc%g GLif rh&holi M‘E&sm& gepg Ggrma g ate St ack (102),
sal d gate Stack (102) conprising a high-k dielectric
S e gIe Bikchifg1£00))saiate diadredd 129d¢ @1d sScEtigh-kSldb@dcnAir & forihQ4dte MR 1@), said
gate el ectrode segnent (108) situated over said high-k
dhte-‘rt@ls (102 eomprisipere th l(dle@@tyic semiltdl Ofpaituatedsverafid sEbpe)(104) and a gate

r|S|nq si dewal | % |I|2|qg 8204 a nitrogen
ﬁleﬁ@?ﬁafe%n ﬁ‘P%) st §f’éﬁ h&h biefesapoeen 06 FAdpte gagk 60% SAtgrsing
%%g%‘ﬂi$8 8. The net hod of cIa|n17 wherei n said

t|||2|ng (204) said nitrogen plasna to

Ni tri dat8e 66 SnicdeHh@WMakchithidah Bld sREwa81 ©) GHd@arSiREK02).
(102) causes nitrogen to enter said high-k dielectric
segnment (106), said nitrogen form ng an oxygen

diffusion barrier in said.hlgf k dielectric segnment
(106) 8 9. Themehed Heim Gvhetinpinsie ofidrngi(H e Hrostefgsrsfto nitridate

ai d te el ectrode
iRy 20 e Pl R ot Plster Seatorrog e R Sy S0 said
oo REEP AR okl B Rh 88508 LNATR G AR APAAS O3S
utilizing (204) a nitrogen plasma to nitridate said

sidewal I's (110) of said gate stack (102). 10. The
nmet hod. of Theaicthod pf eidire? ehervins@d stbp sfte@jinad£02pid brterslget(o@0&RPr and said

- said gate electrode |ayer and said high-k dielectric

|h§§ré rhebe%rwflamrmf@ausw ggtaft@k élPZaefueer{OmQ)n aprgceﬁé?aﬂlbﬁr (FEEPr9opPs ghamber

first oce r..an
gelﬁ% L{tll}%étg Her%im asguljr%eptooutlhzu'ig O% ) tm ro%en %ﬁ%ma to al rldatei an% su?ag/jll{s gl?(% of said
%gg%%gagﬁ_itack ( 02) is perfornmed in a second process
amper. - /-

10. The method of claim 7 wherein said step of etching (202) said gate electrode layer and said
high-k dielectric layer to form said gate stack (102) is performed in a first process chamber and said step of
utilizing (204) a nitrogen plasma to nitridate said sidewalls (110) of said gate stack (102) is performed in a

second process chamber.



