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WD 2004/ 095556 PCT/ US2004/ 012068 A METHOD OF FORM NG

A METAL GATE STRUCTURE W TH TUNI NG OF WORK FUNCTI ON BY
WEkdokQANs6 | NCORPORATI ON 5 FI ELD OF THE | NVENTP@MUT1v84/012068

present invention relates to the field of

sem conduct or @r ocessing, and nore particul arl y, to

the formatf ¥METHODRREGIRMINC A MEBLE GO TR STRIAY

repl acenent g¥t& WN?H@&F‘Y%%IHH %QQONBW@{ D G: THE

| NVENTI ON I n the integrXCOFPEREMN (10 industry,

conductor, (MOS) transistors have

FIE’{EE%%%’?{Ny fﬁneen formed utilizing polysilicon gate

el agl Erggéﬁﬁnvem y&alJS £8P ﬁmgﬁs&eﬁl@hndn@& PREGHnP GRS rﬁ&%ggmlarly, to the

for use as a ectrode due to Its ther
formptiog jokmgta) éat‘b‘?“?fﬁéqcf ‘i‘sé’§ ”Flfepé‘cemeb‘cﬂasfi STOPSSTIEHANIE%N bet t er

W t hst and subsequent high tenperature processing).
BACRGRY&IND @OTHBINVENTEINIess during high tenperature

processing allows polysilicon to be annealed at high

t edpde attagragd cedud tl§) wndustry goal-oddeauiicendagter. (M) dmmssistors have typically
beenE&fan(hﬁrhm% BolysiRbrySitel e'le@@cﬂess P%le idoh YnaleRal RhsOfekn pr&fg%dlf&nlse as a MOS

ation of atons into a.channel re
gate 8138%?&% é do s el ’e{)%”‘i AaPSrish UicnBPiltcat Fa8reUss i‘séaé‘ﬂ i*Ypgrauent high
temppr@mremtqcakmg)f Paiwlliysi'd rotgietngss poihylsgH ero@mted frawsing altows hdysilicon to be
anneS&5Y hi h%ﬁ){e%dtﬁ?& aQ)Eg §ﬁ|l Joux@é Ang Gleagx r&%ﬁg CIf%lrtﬁé’r]ﬁ:’on‘;i gily{?hcon s ability to block

,st_ruc ures after gate patterning is conple
the ipgiRlABRonS | 9gRe 1208 Pty A rRene! &GP du g c&u% &) e fon implantation
blocldngSipebu@dh bgh®Silicon el ysix@mibwes, fop(hla y8y fdregian godee- aligned source and drain

S Giher i i OlTReal i C&iR
struct Leat Sga?«%e.%}lc §‘r golm (Lnﬂ)%% Qvggé/(grl ESE:Z]yI% V‘POqI%g% QI% ugﬁcts I’ﬁT{)VIg @tlr(%m dls?dvantages
For ¢raple-ipalyglicomigglp elpeoges a}fi’ofP%ii |fr0@dﬁm'g<a1dtecl<é|r@tefl@'baee,wﬁﬁ;ﬁ0m higher
resisQREE &af mast ni¥taC ha@ﬂldm\ﬂﬂhereﬁ)ﬂ:eﬁ(ﬂﬁ;llk&ﬁ@tegsﬂﬁc&&iem%oﬁfate_ at much slower
speenﬂqhaﬁ éatesr%agi? tS a%zglléc mater1alqu'r Cg arl]ly %bmperqsp & I?or?lrls h%l}e{ réagnigelma, polysilicon
materlemﬁep eqemeeﬁewveﬂdamnse& pdisidd recessing inrdgeto fncesese ghsir pryed af operation
to acEpEBIE 1et@s [ ncr ease their speed of oper ati on to

acce bl. e need exi ustr

ot PR B Rt e S Par B P b e deviee
Howepay mgel gateHeaneoy enhstmmahlg@ate@aermmﬂ oxiflatiprsgnahiaad ts tiaecan be withstood

by cﬁb&h&{al [Io &fn%‘étk‘ El@&ro@é@dln@fﬂogsa& 'aQﬂi @H?@ beRLsS c&nb@i‘ﬂs v@fﬂrﬂ)olp@lcon gate
W t hst oo %/ conventional polysilicon gate

clectigflct FRIRERent HnayricoPEd gf‘%"’ﬁ%&% ttys E‘iﬁﬁé“%‘fd t hERGBSCESFAE Prpgoss uses a
disposabtehgapo hndsis Iforaeh wilabh so2&, éhiecipr@desh saps epl agedfienive coatings as in
convgﬁmﬁ BI%&@Sl&EtﬁJe dg%s%léjgaqg%ﬁ%lé‘@t%lcpﬁg @tcﬁ:erdea%)e%xpdo}ng an orlgmal gate

damascene gate process uses a disposable gate, an
oxidg: o FheedisP@iablh Polylison exe isdfhes; rﬁplacgfbatérmetaée% ‘OS%CB‘E)\? & H’Wer resistivity
provﬁé’clitljy-th’e&ifelaemitMXAE coatings as in conventional
%hd%agc” | c@quder-Ehé% lgéeﬁpcg%qggrqecgr?qtl % ?nl%t %‘ tl%l V\%% l‘lC?l§ @/ngh is the amount
tc away, exposing an orl a oxi de. The
of engrgg wy%”‘ée’ﬁm g/lgcitrplpsdiérﬁssqatp@shpg tﬂqb{ﬁllcp@ @?[%d@dﬂ]‘g?ﬂ saxbstrates provide a
workrlertcal)n gatamowthagmsawe taérequaltew\wmrcme@l $hd Nsbtoy meRl, BWE@as the gate
matenzx on a Slll %slrale m sxrab? ch g ﬁ grg L?nonsr’l in c:eor agrl S((:))I'Intol pg] silicon gates.
A EoNducto Paneg RsPOEUEIE hETRsIhr !
This whuceﬁhthq @nttd‘iéﬁﬂamfumgateof energy required to excite
el ectrons across a threshold. Polysilicon gates on
SUMMARYCOIMTSEDSIENGT@®S provide a work function that
allows the gates to be adequately controlled. The use
of Thee¢ @&la,nedddwvenvemicor@sctériucgad #id niFab® bl radkin@Mheasagé Inive@h the gate is
madesblflpﬁ‘lgtgla’(;u?thmgrkm %ﬁllsru?hm)lgto I}QSQI‘Q(?V&LLT_& av}@ghg EMF&ﬁ&bleqmanhep

conparison to polysilicon g duces
controllability of the gate



10

15

20

25

30

35

35 SUMVARY OF THE I NVENTION There is a need for a
sem conduct or structure and nethod of naking the sane
wo eoomiodsske t he gate is nmade of a nmetal, but thECTHO§2004/012068
function is tunable to a desired value in a highly
COIThis @hd @ldr @eedmare) @kt by lemiddi AOBAS GHe P&t invention Wthh provnde a method of

d
fOleﬂ% s%nl%gg)%(opgrtglggrg CO@?ISI% ﬁlg gfp%%gﬁ{‘mlgeae%?‘cu%{){ avxg%/a sdlxstralc with active

regione eReiedolty § eeprickh gndaa %Fﬁr% Beit 816 the shanpel tapdt e"ﬁem Agiclegiiqipyer. The

lcmpt)lti@ gStta PRemAtd fﬁ)q’cﬁman@c@ wixh QGMfo&th H@NJaMGn ehe %%Q&LJ @yee A non-silicon
ons s par at eg me a channel
|

conla(uérﬁplge‘;agﬁ;ver gne(%{)/(gljed e Eeﬁ%fﬁn 1& dWOf mi An Qe metal layer and silicon is
incorglpratng @rtte ihe mletalylesrer Tivertairt erbpdmentsyof glatiaven®@ny permweggbrdtion of the silicon

mclutiég rﬁ\e@meﬁ @@aﬁ§§ea¥¥xe§1h ﬂlsh&n&@m&}@gea?tﬁeq@w Léud%g p]:erLGak a post-soak, or a
dielectric layer. A non-silicon 5 contalning neta al

coml?ngly@rof pre- S{"ﬁé?{‘dd’éﬁﬂ 6‘?'(% élaolflfﬁ cnflhc@ nepls @%tge inyengiqny tg? thi:rgml silane treatment
includ@poBirhattadBntbhide tpdsatd doayiBton asthiBig ne€aRydr S The plasma treatment may be

comﬂi%g%gﬁ’&’[h@'in'alrkg?wl%t%e:hhe metal layer. In certain

I ments o nvention, the incorporation of the
si IThe iBpprporatien efcslisongini the mrete] layer| which may Bempds of Ta, PhiMo, Ru, Ti and Co,

for cm.ﬁ,rcnabwasds Lame dEg'r@aiT BERGEI IVBYhd WAtk EGlQioR opﬂh8m8lﬁlakycr f the recess. The
on of

amOLF[)]?OlI sxhcon 1Rdorpo ateg‘ 1n%cht9c mcleﬂ ?g d' can be coHroﬁcdSlP] é numbcr (():1' dxf ferent »{/aﬁ including

0““10“1@8‘ ‘I*IEVU"E’PPﬂ Oéﬁé‘"‘t lre@@tente n@thcrlrrwélb@d)ésonaolbrbgawovrrteétllwem tncorporation
inclu@$ C(Inh@hl(&eﬂg’&“atn@ GeddQdht Bink,i £,0 Qorﬁr@ﬂh@'ﬂﬂ' sngw rIPeEtﬁlL;nt t@lylﬁfature Another

reat ne

mettp gt FaoIERd BPOH Relooh FREPPARE b Gt SO CEfHFy e nomsicon
contgimigondtdh dnyeretTaé thinagrealre, layeh ithe greaan/thd perqratdge of filidom thal\Willdg incorporated
into Wmerdilay@dnd Co, for exanple, provides a high degree of

control over the work function of the netal |ayer in

t hd "y @eigs¥atedygds arg Asumet by Pther empodiRents ot B B’Eﬁf"‘a‘t’éﬁ"ﬁ"’ﬁt‘”&wh provide a
methbdef fomiiad a haylegatecanic@ua@nieviel doagriding tee mpﬁbéforrﬁ)ﬁg a metal gatc on a
prcctgéof Igﬁel%ﬁaélg?é@rﬁ lI}IQQILlH%IatQQ'Ith QEE‘J b Q(l)rlftrl)lﬂiglrﬁl tPI ng i rﬁ:ggn of the metal
gale-gmount of silicon incorporation 15 incl ude controlling

t hahsiolegify dntl @@ETRMIres] dspits adidvaa@pds bOlht pragnttil@nt®h m@ini@come more
appa{e{)‘tet% en{o{lom%? aee[aq gc%ﬁ:rl?uon %P I!PI Prc%crqelrﬁvgﬁgm %engtglge{] Engc%olnj:: lﬂcgon with the
accompriniRgiavgngsf the non-sili con containing netal |ayer.

The thinner the layer, the greater the percentage of
BRIEH DESCRIPTItMOF WHEIDRB&VINGS Or porated into the netal

| ayer. The earlier stated needs are al so net by other

entbidic nie it s sahématih depaties et crasveftton o awleinsbndprtgvitrdaure, precursor in

acco%%cmﬁmo@&chwfmcegscﬁ .m%mln gate seni conductor deVI ce
nprising the rmnﬂﬁa met a ateo

pr Els‘iﬂfrego‘}ep‘é‘ﬁ H‘etsﬁw‘%‘f‘a?fl Fyg”fer balter fig SRy ﬁ@’f d ‘ﬂ%ﬁaée R’Aﬁ’“f°ﬂ‘° have been
remogédl ane to controllably tune the work function of the

TRl 38 & f&a, f

%Lrg\?agjlepgctse lS D%ruf:tg gggx?@g%%{:hgﬁggbgﬁ %ﬂlaoen th{‘[ Ft%%ac@&@a%ge with certain

emb‘ﬁ'ﬁ‘?eéts O%{W?S@ﬁt“"?“l"ﬁfm the foll owing detailed description

of Figlke 3praesanihe biak@Rtdr GigueRaRlolvals @t defbsitiONpflinGdrd] Gijfer in accordance

with the c anyin raW| ngs. BRI EF DESCRI PTI ON
W“hfﬁgauf‘ﬂée VY?T\?@E Etﬂp‘ifcs)“(mi'gcs 4 schematic depiction of a

cr &gyre §é@t=m®wh®ﬂruaurs ehfigontiuditeothe deppsiiéon 9f empipldtyar ig agcordance with

cenainramb@mrsdﬂn@ﬁcs\é\almcrﬁaﬁpodI ments of the present
entugg Figure |ct the structure of

&P St@)‘%ﬁ"éo 8”“? dyging &SPl o @ H%I%E‘egg‘é‘ﬂ' layer, in

accordance with certain other embodiments of the present invention.
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30 renoved. Figure 3A depicts the structure of Figure
2 undergoing a silane treatnent in accordance with
W@ eoot@933s6 enbodi nents of the present inventi onPCTHFUS0€012068
3B depicts the structure of Figure 2 follow ng the
de@%ﬁx‘etsld%tsqr\e s@ru&ﬁ@@l‘enh@)ﬂﬁ[ﬂ '4@ oﬁﬁ%ﬁg Qﬁgﬁg\ymé’\ﬁmé &posmon f 2 metal on
certain other enbodi nents of t fesent | nvention.. 35
top offhey ppptal lay X ipjeeprianee ‘fll'#é*"@?q"a@tsaf Be ppsemjigygiien-3A after the
deposieisaivs Gk stajcﬁ&tanlglhray efer blﬁhaﬂﬁﬁ&ﬂ' t6l ®IAG Ehe Wefaf'gate
Zgﬁ:&%‘m ?Omgoﬁré)ggtn t Séteob"raga of “Fi guord'eml f%‘nfplre%g’t 13ve§l u;(ra]e
treatment of a deposited nmetal layer, in accordance
DETN@H%ﬁW@%Pﬁ@ﬁE&WI@EMS of the present
i nvention. 2 WD 20%4/ 095556 PCT/ US2004/ 012068 Fi gure _
5 éf@‘pupécf@t {THEntgR Afesrs e2df OB AP gife H’A‘hSr“Siti"gdPeéa‘ gaes in
semiébidd et duowireg It heond@pmi fmpondadiorarwtealsing replh@pmenfmetahgates, the work
t. I C ts
functms égéhﬁ%\g%?ﬁr&rgnﬁp%ﬁlgg g’%%r@eéé {hE u?cng‘}o éetﬂgp rausg?Enr Eéjﬂgrate The present
mvewnp'g priewdas agpnaplp Wﬁ’fkafﬁ%ﬂ“i"ktﬁtcreé‘ﬁ atnaftaﬂ 6?*th'?1§ wiogkt fypetippathy is specifically
tuncd-toQ4l BRiredl BIWOWSThR i LEOERESbyNEErBIneIY 4 Kiladd rédirh@t Mad ontrolled manner to

inco enb0d| (%s_r%\lg t&gtaqlﬁgpr E#ﬂ\!é%rn,?_ﬂééhot?aé Eeeeh\ tdeqor%l@de r\ivEPn a damascene gate
struciittel Heaes ebe mefel 28\ ltagmqup obHthe mntrlwcatoe drovidest theefeaibgityodf modifying the

threshBRd Mita @ Oy kilall GROH QORDY iR &H&ngtaa&ﬁonanl aajuamem 1mplanls This is
conventi opa sem<‘: duct t1 ture usi

adva?,[%gte%ﬂs Sl@%\t E 5 egreﬁs eof V\rg?jﬁm ?rlfh%]fl? e}ngs d&ﬂ%aﬁ %%tuffaﬁg ry\ﬁltgaggrgsmve scaling

ofthp@MsbSpﬂanr@blnn@ate due to the use of net aI on a silicon

S ul@ﬁétnreat@a crIJas@ecesmearHrecuﬂsJa\fmﬁe O QYdr qt%m@e crohjsﬂ@cbédQn accordance
k function to create a neta

W
with F'D‘??S't“%‘ﬁ"ft‘?%ff espng InYGoHQ 17 ‘t’f‘%\f"f‘?f‘”‘iftf%fﬁ}ﬁtéo& ‘P%fe%ﬁurﬁs&‘i‘ fhe grawings are not
necess@lly@prestitedsactBatde i t@me of iyt vo 8izdsor shapeg, tat Isivéd Beerendered for illustrative
pupdsk€at ment in a cont roI | ed manner to incorporate

silicon |nto a net al ¥1 such as tantal um which
had" Biéeh ! de oLt sariritf tl?l # a&“ﬁdﬁ%@ééﬁé‘”@ﬁ‘i dere@t by fopygpipnal doping
techrﬂrtkﬁébceé\ gitd’]&ldmmaias ﬁroh&ﬂh}lﬂltl@l.lsﬁrfa@é of e sybstR&elt Silicide regions 15 are

ide 1 h
oo\ USIE AT BR80T L L o
Pm“ﬁ%‘r“!"é}f’ﬁfﬁ@gaﬁo‘md?%nal adj ustnment inplants. This is
ad‘sadaéragsesw@mslum tﬁmedagroeaﬁ gﬂé 16.1 sackMsf fdy ve AaBNeH any suitable

materiqusu %na% %hgogcl\l}iﬁ?s ch)rrl g'sl el, SIIaco? ﬁxymﬁn gg%ren eliy\éres thseg:e%% IS‘ gectrtc layer

an ne
20 ispraysied eretep plothe eybstrategP e dber @mrcorfdeqtortsmtl@e% F&B‘r’?d]u'@ﬁ bgen planarized, by

chem&ta]rmb@ﬁawcﬁ pra%%wmm fb&xalcpq‘coaro%ma@a mamdemapédment S
(B{ resefr}% n¥ ntlon tln th %—P E‘ h d
deg ¢ F‘&‘F““& HE t &5 (FPREUSHRY S‘E“H%"“ 'é’WS'ﬁLﬁ al il Agiye regions and a
polysigoresigain prjer teppederge tdithcdurcdteghtyity, howaembe pdlysilicon gate 16 may be

remol‘/eﬁla% ﬂeM@ce@byZaerﬁeteQ %atcs Q@@@ﬁded h)lrl;n tmﬁa\l&cnp ﬁ.@éﬁu&ﬁ U\q %E‘)l@cgeaf'lfar however, the
[lustrative pur poses. gure , a silicon

use °§aﬁm Bl rigurs, a*gy m%'reléy F*B@ﬁed‘??s‘ml‘?f“f‘ﬁ'r"ﬁﬁﬂ‘h‘f BT el ipgvoided in the
presectamamh bpmatilaglophingnt of teChadl gale® wnAthg abek faxiialeo ddbsihasalue.

?{]FC‘?.ECOZV Ilhq 91 glﬂ:oﬁ e I%l‘hrag %‘én rcrqgve!i H-gm ‘?‘nlépe} on %Et%cell(gpacers 18. The gate

de re I are or med ctive reglons
OXIdeﬂz is Jepipiey] 'y§rgr1we8c9h w@a*eﬁ@g yghin \theéfh‘s %W gdorgied by ltl%lﬁwrﬂa?rsybstrate 10
and theOdideWalld MBTME) byad Sadefs 18 PN AHCENHIMmEAPoAhe fri3en GREMon, the gate oxide

14 is (r)e)r(doge% ar:!'d4r'eplaccd with a high-k gate dielectric material. The particular materials that may be used in
the high-k gate dielectric layer include ZrO,, HfO,, InO,, LaQ,, TaO,, for example. Other multiple metal

oxides may be used or perovskites may be employed as a high-k gate dielectric material instead of
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Spacers 18 are provided on the sidewalls of the gate

16. Spacers 18 nay be nmade of any suitable 25
worioeny&dmsg such as silicon nitride, silicon oxP@EUS2004/012068

silicon oxynitride, or different |ayers thereof.
convent@ha gdte Dxidel dye follg@ing despipown, bedvant s epundd thdyghe gate oxide 14 has not
peerSMRsty ate 10. The sem conductor structure of Figure 1

as_been planarized, b chem cal nechani cal .

pl JHAFP AT o’ﬁ dczmlﬂ)e stryc (éfﬁﬂrﬁlzé? a peyt %q.pdlmha%ro%ss according to different
embmlmaror &epresdRPOENtSLIN Th airgem 3ANirS kiladEtrdatm@ntQf peHbieHad. €Thls i Sdicated by
arrows Q¥lelrl]r% '38”%41@ sslemtr%z(iat[nenltl (PStC(())ESl rtecrl lélcrtel’é(r)a &V\A Fn{l]y baeCterfc\)/rm in accordance

I'con gat n-or ovi de a

w1thglgtf@10\ymng RarprastRye @d:ssfu@g)if apiindite g})putﬁmmpgralplﬁ éetween about 250-550°C;

POl 18] dowaRRiNe@Rdbut 160 @BNoub 00 F0m! HERVLHenaRde SERMAGEMoRYO to about
60 s& netal gate, as provided for in the present

SSR¥%e&nt i on. As noted earlier, however, the use of a

netRallovged e sreiseps tsikne tparyeny pid@giry 3ol ymeat dayge2d i ghewdarkied within the

rece!sli@ Qrtd‘ 09 nopQ)ff thE la%lexg@ct lgyer ;mlﬁcoh%n@ﬁglp%gss hl@y Een:%lplopng§ @J?)t)su the metal
i nvention y he silane treatnent of the netal gate to

layeg 3 gclh PRSPUST HEPPIRR Y BIYSIEY Vapopdeopsition ThY mgtal lavar 35 3 pds of a suitable
mateZial, tdel apOh, W8] MoCRY) Tyaris, TN hao, lferenammao\'md reﬁdﬁ@amy thivelayer may be
depog@egl BILAHINEENARARSS & artdEioul 11 &% gxamgfé' de 14 is

epi cte Epgure as remai nin thin the recess 22 )
t hai'ihe PE-spaformer ByiguigSAtcaesdhe mevd layer?8 of Hewe 44y to inmrpgrag silicon (Si)
durifght@e Sdp6h@iaml sb Shaf BE med mer bh daSPaGRNS foled ihdludeLyilicdh. NFor example, the

metai%berdZGrTﬁertt‘grmanonttgl 0 n§|l ce;grE SOaPVﬁpltéurg QA mag%e qaélewgl I\E)gl RuSi, TiSi,

TiNgi BNece o) flfrmxemlplal IncoTieentigyenf @lﬁlequlcmngeyﬁﬁtee*forlaﬂusc_tlvmtata depiigd value set
by eS8 Thiflprodidte a Rhedhig 0@ Ak ol if@L@B LF h& mbAYRE thhd ¥l BiBrmed.

Zr@, H o2, |no2, 2, Tal2, for exanple. O her

T Tt of Bt sl B b AT ek BUSRP REL Ty et v
26 iéa@meitqdlpdyfe@larasilfae heagtents. dbet rectad| lagdr 86 oy be thaageme malkrial as that employed
in thie %E&ﬁl@)@r of F&”gu%QAZQQ]ée{ @9 ?aﬁé@ef? ggé Hﬁ%%ﬂés%lﬁlgﬁﬁ provided for this layer.

conventi onal ate oxi de. | ow ng descri ption,
Hovgydy @ietal layer 7 Oa%%’b*i?é‘ba“t/ H‘é‘frp‘ir‘ﬁ’%’ Sé’éi‘f"é“ E%18B-14 has not

bedn FigemaR abostsoal vr gasm3 AlaandeaBBnde piodledtih@csporacdligpeinto the metal

layetojcé Ehe%‘h!al%e?al R 96 Qﬁl‘l‘icr&&r@ﬂ: clorqprktheof F&{eg%%ate%ﬁl%’ anllalr]g'ert % of Fi gure

ferent enbodi ments of present invention.
aA. F'E h@ S PIAmeteys fqr #f@tpres%%kawén%%afwm bg wsedh B £ PR é(?ak *f‘l‘ﬁ“"s treatment.
Parain&ters R b €itheytlashyl tredomat QWECRD chdinbr s @olBAs: pldisreSs beBiren about 2 to

abou‘i AT ! [E%n%'at{lé iscbgn%!md %rlﬁqS@CQ(Lg)-O O@FC?FQ pg@e\( lsbo%tween z%bout 100 to about

I'n accordance wt oW ng paranete

250\8{‘%%‘61’[%95 bepwegihahget 68 ta agouy ) secnpang de I{lme ES@ﬁWé‘?“a?PW @ to about 30 seconds.
Thesd PArMRRIAs aaddbrhpladH Omp Bever, diokiér Ifa}a&Welb ahy\empRPQULithdd Qeparting from

ccm and treatnent tinme of between
thesc%’egﬁ% f)cs‘f"Q'"v%‘? 60 seconds. Fol | owi ng the pre-soak

si ITanemtodignutprelfisush 3/t Bear@@mbiaedyie cerlaincapedime@, jugh that the process

mcln.&i&eanprg Q)raﬂﬁsdww ish lﬂ)sttsbaﬁ( or pBst Bﬁ%&§:a@%ntama@ﬂgtl%ptol@1f nubiB& of silane
A convent.i QCcessS

treat@ﬁ%: cgl;:}&rrln{‘:lﬂ l%'g p%SSCI 1?ngf[’,shtge W%{lof si %%l) él?aPr 6n00§)&r8tﬁ i‘/{léo tﬁe metal layer 26.
This Ut @fectché positling @ ronbyl b iy siodafuncierpdthecrequd $ayéri 20 nprovidine the designer
ﬂexﬁﬁ{y‘?rl seﬂe&ME[he %@rk'f&ct‘i@ﬂ@ﬁu@f a_suitable material, such
V\f. Ti, TiN, TaN or Co, for exanple. The
r eIFéﬁ“Tc\f eShgstthe Sﬁuq“aw’rﬂm 49 ar 4Rylofieyang Beideppyiion @banpipranctal layer 28
on tho @icraB s Eb)ﬂlhttheiﬁlovﬁoratﬁddsd&bm Uthe :0Q1 14yer I8atomprisedfahaeriailthe® is compatible

o BRI SETF L ELAL S SRR By TRLE 1 s

convertignagy é@é%timmt@hmq@onaw rbatemplh@d rie tleppsit they wetal dgyex Pﬁatsuclh@s physical vapor
actually formed includes silicon. For exanple, the
netal |ayer 26 after formatign follow ng the pre-soak
of Figure 3A may be TaSi, WS, MSi, RuSi, TS,
TiNSi, TaNSi or CoSi, for exanple. Incorporation of
silicon changes the work function to a desired val ue
set
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by the designer. This provides a fine tuning of the
work function of the netal gate that wll be forned.
wo moalvdshat e enbodi nents of the present i nvenP@DOS2088£012068
depi.cted in Figures 3B and 4B, the netal |ayer 20 26
depokiior(l e hltverdr {aposiiion,tod elediigles idbr@asigont(foeaippeei tARothek g tabre makrial for the
| as that enployed in
metaﬁ ﬁyer%g@ a(\gfanggg ?%E‘%Jg%%?g{;ﬁ hence the sane
r efFeH@ﬁ'EﬁéhQ‘ﬂﬁ‘H‘éi“a'P ofdeesna éﬁy?f Ciis alF%a"i‘f FZPn @EOEs: Sch ph¢hemical mechanical
planzlrﬁb/t%ﬁ (CMHOléﬁMﬁfrmed tb@reﬁ‘@ﬁl@'mdtaﬁ){a@e[ 3R&POETE (ROMhetNaMBr BIWAd the metal
| Eglor at e rates(i lllccon in Figure 3B. In Figure 4B, a
ayerng GHKBY'P1°aSP . silane treatnent is provided to
ind@ppgwan@w@whN@MﬂadmmmﬂuhemnétawkhmayepfmﬁmM$mec30byam&oﬁng

the Jn{onﬁlof gﬁ@oﬁ'ad&e@)(@{he %@taWa%elr 2b. h@Sreefoﬁzﬁe e n%%&? Fok §1ﬁ9e Qéatments may be
the sane material as netal |ayer gure 25 4A

ot h GETE Gt L S o BIEPEE ARl SRYEE b - and post
treatfifenys 1 b aed. Tiarnutnb@ op BGtmes© akI Igivd @r@fedt be @t ABALInt of incorporated silicon
in thE ﬁ&ﬂ"@&% San RLs, F% e $b k%ﬂ‘é‘u&l'oﬁc‘ﬁmethr ggtment in a PECVD
r are as fol ressure 1 s between about 2 to

abdtito, the f‘BPer"ea‘f‘@ﬁrﬁ‘é\ed‘t‘lh'i*aée nsefige e AmeHsbRftsilisegiongration. A greater
amo@bGLﬂihc%@@co%at&DM@rthd Betd) @lywed iR RQsHger lslbhe 1r@ataIO Uine. Smularly the
treatmenSY%nwerlatttlx% Jf ll%vgll%nséatt{/%te\lgl]\ﬁsa E)vglﬁ%qgétt{le Qm(%lgt %bglﬁonslél%oapo da 1on At higher
empPREge persmanetns ohsikcor emplreraedoridng of rginanyeskill ipghegtrthmsy vary the

temp@ﬁfuﬂ:ﬁ@gp@{dﬁlg 1 utaene&ma&eoy@tdatw utsétaw&btademfrﬁ fun@m;ﬁ haR dean
e S I N ntil on

ope

Fi QUPES ST e TERRC QT 01 P got g, or e
silic@ugderporaagn intaghepnatd s 261 Abis pobelesanphe pgraaderds wheh [thegwork function
may B RASdeg0ak or post-plasma treatment. Changing t he

total nunber of silane treatnents on the netal %/ r _

26 'R HEHEESmPHEATSLHE ¥ty py ERHed RAtEved: ‘?“r?&“c‘ﬂ]?ﬁ*‘o'i“%l @pf forming a
layer withGncbiperataadiliton s anpeided? n this Taihad, lsatspittiakin €ifghre € twhiok follows Figure 3B in
sequglrc§ ‘é'le@&% mﬁcrog?/? rdQ[los&E o&tg' fhe P@fe}(crrtpﬂgﬁg #31%21)%3'9 b?&p&p&lﬁ%ﬁll for example.
This gtep §é’f"f‘ﬁ"ﬁedt‘ﬁ é“”\ﬁﬁ‘tpk’y‘f‘% ﬂ%f‘fi’l'r% N HS'&[P‘U‘EEChaPP"@ SRUECTSY %eﬁlﬁ\ﬂ?s“ g gommercially
availstil¢. UAtshidreanaéalifd ge.pr 1e$he4,eerfmne418>yfaodainm\mfn@1 hrin€al RPOS fok eimple. The

r r

tempglfatuglrlér)] %ggtalgclfggo gv en %?4888(%% tol_%)out ?"C{H‘E\ %thxs ?%o { agro%glp\r%;hé silicon in the
layer2 7 pggfte 'N}tla‘he tnhtaltla)ie%268@'ﬁﬁ(§f Py [fasm ajligipe singe thm;ratprg_mamtamed below
the tglapcrzﬁﬁ«f r@&&ﬁ'ﬁblesﬂld'@h@l' hayranhe Zr&edlﬂig/ l@ewm&hdﬂie @flicon in the layer 27 is
mcoraoralcc? mtj tal ggg rtheorl;lanﬁp g I%I;é I;}S‘Ofess é/oatu{ues valglg%%upeig in quch metal layer
28 lswlenoallcd Plaiy@ln P@@rlztsiu@ﬁglaﬁ physi cal vapor 4 WO

20Qd R aR6GprdLal. i M&gggﬁés%&p@&crlb&ﬁmsﬂlﬁshﬁm inCRAMACalis to be clearly

0Si t] or .electrol ess d $8r§yt|on

onsof R0 5 TR 1 e ShR G Raor g SHER P wken by vy of

limithtgyg.ghe s@@e pGhd peygrs tneenti¢dfeing Hiditgrtavyly e the @pasil the dppoyde G idms.
Fol | owi ng the deposition of the nmetal |ayer 28, a
pl anari zati on process, such as chem cal nechanica
pl anari zation (CWP), is perforned to create the netal
gate 30 conprising the netal |ayer 28 and the netal 5
| ayer 26 with the incorporated silicon. The present
invention allows a designer to tailor the work
function of the netal gate 30 by controlling the
anount of silicon added to the netal |ayer 26. For
exanpl e, the nunber of silane treatnments may be
varied. A pre-treatnent may be enpl oyed, a
post-treatnment nmay be enployed or both pre- and post-
treatnents nmay be used. The nunber of treatnments wl|
have an effect on the anmount .of incorporated silicon
10 in the netal |ayer 26, and thus, the work function
of the netal gate.
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Al so, the silane treatnent tinme wll have an effect on
the anount of silicon incorporation. A greater anount
w@Roogidiseon i s incorporated into the netal | ayBeT/BS2004/012068
with a longer silane treatnent tine. Simlarly, the
treatnment tenperature of the silane treatnments wl|
WHAT ISSdtAIMBR I3inpunt of silicon incorporation. At higher
tenperatures, a greater amount of silicon is
i ndor porAaW%EPd offREMIBE 2 SIPITHTISS SEYEfurq comprising ghe §ieps ofmy
varfymﬁdge, pr&ﬁrsbxerrmeg atstbs@se Cepen ddnneg regidN1 2t Rparfi®@L @ a channel, and a
Work function that
e thlckness of the
netranovlnay@rterm@.rarmgatchi6ntn émmr?e"m%;b Layidira tpgora phdoydewhldyrin the dielectric
layelPo€at er  silicon incorporation into the netal |ayer
26. This rov .des anot her B% mhhéh t he work
£ urdERP R TRy 58 MEB PO PE RS O (UPELE Binbod ment s
of dbﬂwtmgwaml R&am, thegraetal bpiréé;@cd i N Fi gure 7, an
al iRENaLGTRLNGH, A mf@ngbng a 20 layer wi th
i ncorporated silicon is provided. In this nethod, as
depicted in Figure 7 which follows Figure 3B in
sequenc&he acthaly@rclatd 1,SiHetethQRe ep df slcdﬁcpmm'g kitiebnamdlu@est dy@e-soak with
. ; I for
sﬂané@ﬁa‘%%?rg)% %de[g)gigpggﬁﬁlleg& snl}/c%p htal 1%? {al l%:lyglrb()npl oyi ng
standard UHV nul ti-chanber sputter systens that are
COIRTEr CiThé hythoday ahlhqamv&reuﬂh&h@rdf m@dlﬂﬁz@;lné 81kof tulRer lir®ludes a post-soak
w1lh%H—F aftﬁoﬁre de%rﬁsr{t?n% opl¥e neornaﬁff‘eon contamm met%la negl b(e{q\-/r\é)e;’] fag(r)ut
3OOC t o about 500C duri ng thls short anneal. The

Si l4i con Tinp mkdsy &QIalnay 8lherih (hEAGLP m\%rﬁct}attnﬁ Gilan® fudther iRY8Es a plasma
e tenperature

oes a silicide
tmm??“ﬁ%fﬁ?gpﬁgﬂgﬁhr n@ﬁ@°?@ﬁ%%?3?hk§”?%qU|red f or
silicidation. After the annealing, by which the

Si |5| C On ’I'h@mgtn(% olf axif, gl?erémsthe été}%@fﬂ&f?ﬁo?attlﬁgsﬂliﬁﬁ chtxcﬂ?a plasma treatment
t he manufacturin process conti nues

met al ,
a“efwetdﬁ% wf@e BOn SHiCRHORANAR PSR! 19v85 28 is deposited
and then planarized in Figure 6. Although the present
I n\éent I Gile Ql@tﬁoobcﬁgﬂ nﬂ?% llepletﬁje x%ﬁgmkdn cHrﬁMnﬁ;,I fi al layer 26 i cludcs one of
det ai | d, It Is to be clearly O understood that t
Ta, WA RpgTLN\fal agfCoi | | ustrati on and exanpl e only and | s
not to be taken by way of I|n1tat|on t he scope of
the presen n |on lnlt y. by.the terns
of %t he Z\p pgé}rl‘] g é)gf% cl:'lf.l mel?a? %alf\g/%'nfﬁrbi (6 S%Véqg com¥rlsmg?he sgpsr]é%.
PCTrrus2eouriere 56 e aqumforl @ICLAIMED IS: | . A nethod of
“f OfHEHNYy @cSRNE MBEIUGLBD with sIGE W @nEMHAYY luSd Y wbR @urStRRS the metal
formng a precursor having a substrate 10 with
active regions 12 separated by a channel, and a
tenporary gate 16 over the channel and Mﬁthin a
di @l ect FihCmdRABF clal7, whelBITRVRBr b Biall geumgg HeMidd HeBnall Baking.
to forma recess 22 with a bottomand sidéwalls in the
dielectric |ayer 20; depositing a non-silicon netal
containing netal layer 26 in the recess 22;
dGQOSI t I’Iﬂ(gm@th(me(tf Q:‘am2§ erl]het' b&nﬁqghél:onlr(m{&rthgﬁal s@eﬁml treatment time to
i ncorporating silicon into | ayer 26. 2.
contrlig apgHn Y &iliesn "lfP'a‘i’fh‘Fdl‘“‘O\h‘ir"ré‘P@i #tee step of
i ncorporating silicon includes a pre-soak with

temporaX/ dgate %g o tﬂe char%nﬁl g/]tl% 0 (9 Qcc?nc

gate

10. The method of claim 9, further comprising controlling temperature during the thermal

soaking to control an amount of silicon incorporated into the metal gate 30.



silane (SiH4) prior to the depositing of the
non-silicon containing netal |ayer 26. 3. The nethod
w@booslogises 2, wherein the step of incorporati ngPGI/UEM041012068
further includes a post-soak 15 with SiH4 after the
ggplqzl t I.I:Iﬁlg m%&]ocfjcl}glam? R) ?herélﬁ: gg stg o(g:‘t%lln%lll? Eeam‘? 1§lluc4e? ;ylasma treating the
metyl gagcor por ati ng sil ane further includes a plasna
treatnment after the depositing of the non- silicon
con ai ni 05
 Waher iR eRRt el B it P st kg R UG st onsising o
one gf ’Ipl Wsha, Ru EalTemiN andfCoamd Mheeldep@grnuail waatigef of ttHg@netal gate incorporates
Sﬂwagmngkhkgggmpgptaln|ng metal |ayer 26. 6. The nethod
claim1,” wherein the non-silicon containing netal
Iayer 26 includes one of Ta, W M, Ru, Ti, TiN, TaN
and Co. 25 7. A nethod of formng a met al gate
sem conduct or device, conprising the steps of:
formng a nmetal gate 30 on a precursor; and thermally
treating the netal gate 30 with silane to controllably
tune the work function of the netal gate 30. 30 8.
The method of claim7, wherein the step of thermally
treating includes thermal soaking. 9. The nethod of
claim8, further conprising controlling therm
soaking treatnment time to 35 control an anmount of
silicon incorporated into the nmetal gate 30. 10. The
met hod of claim9, further conprising controlling
tenperature during the thermal soaking to control an
amount of silicon incorporated into the netal gate 30.
6 WD 2004/ 095556 PCT/ US2004/ 012068 H. The net hod of
claim 10, wherein the step of thermally treating
i ncludes plasma treating the netal gate. 5 12. The
nmet hod of claim 11, wherein the nmetal gate 30 includes
a nmetal |ayer 26 consisting of one of Ta, W M, Ru,
Ti, TiN, TaN and Co, and wherein the thermal treating
of the netal gate incorporates silicon into the netal
| ayer 26. 7



