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WO 2005/ 109493 PCT/ US2005/ 013240 DUAL-' METAL CMOS
m TORS W TH TUNABLE GATE ELECTRODE WORK FUNCTI ON

OF MAKI NG THE SAME 5 FIELD OF THE PCT/US2005/013240
| NVENTI ON' ThepggesgiiaLichvett Aks &Idtegntionkbesfi el d
of sem conduct or f abpirgat kemomNgorREeNpabi cul arl y,
to a fabrication gApeesEoD OFMANGTIHEGAME f erent gate
netals for NMOS and PMOS devi ces. BACKGROUND COF THE
I NVENTION I n the sem conductor industry, it is
FRGhelf THE BBENTEY e to fabricate NMOS (N-type netal
oxi de 10 sem conductors) and PMOS (P-type netal oxide
sem donBEGEIOT IR iHlE & T fild peisediria IPBSH®) nd more particularly, o a
fabgibdliagRScess ieBp@GARY Bt Rak me@RTE SNdY GIaMIY REGESSI Ng,
the NI\/DS and PMOS threshol d voltages are

o’lll IF@E d by a conbi nati on of channel
ants and se ive doping of a polysilicon gate.
I t ' S 91@@&1[1&)'11(!!1%&1 ﬁnﬁﬁsﬁ?td }é%ofnﬁﬂlfqésh‘ﬁ)ﬁc pgabh&% Iﬁl‘t&b?%ﬁ%’ metal oxide

vol t ages for I\/D§ evices ess ective for
SUFPEEEN) o6 PMSSAF R e ose spremistg deveﬁﬁawﬂh%%f%%rn“g‘aeéold voltages.
Ilmn@mll’mhﬁﬁfﬁﬂdt@rﬁocm thel RMISS $ho PHOR aM&htb(Eetﬂtages are conventionally

CQSS cﬁlbgggb bma?o of c z%nﬂel 1mp n‘s 2&1& fseleca d%% Sg cr)}e p%? Fon ﬁgf ﬂ is generally

clffgtivg|in gh!Séﬂgtth‘aWFI@tdo‘iogaga?r for RYPRubviaps buafiesy foaﬂed fop YWM{}pSydevices. To

oetc@m aﬂseq)tomeg aiuamewrrg&@tmnmm\emrp M@ﬂ% mslktf)@ @fNe bb& provided,
IS extremely

b o el o Sl o 1 WHCHRO ™ et t he
met alFradingnaietlem g8t opsistprs epenimallp frbiidaed byl dry ectidyi off mg@k @ metal capped
wih SleﬁﬁlEJnl & for %fbht@SDﬂ/ &%&E ozol)ﬁélg S Icl}ﬁe Jlf}fellnglﬂnrgeas %95 difficult to ensure

st op on 't oXI
ﬂlF‘dEeSmf‘éifl d@.ﬂfcgétaw Wwefévo%rthfe*g‘aarfawata ﬂelael ic, f”r‘i%?set%?teé’é‘ﬂ%l T failure to
st@0the ﬂ@r@:ﬁa&ﬁdh& @)ﬁ(@@ﬁ 1€ty MNthe TodNESsicr ﬁ.bsbl&cﬂiﬁham areas, thereby causing
nencoy aaE»,%g e[ln,in formng netal gate transistors are

exacer when attenpting to inplenment dual netal

gat eT@ﬁmbéﬁms anrguisstin forming geat gtk tabriaes arserederbpfed wllen attempting to
nr@léﬂahnl mﬁztl allletag adie C@@naﬁé’eﬁi@(ﬁ% e{iﬁ BhSd BMofe, AR Ink-ab IR Ha@tal gate CMOS

n e

function h vol
Bk 0 BB ROk o, ARG LS ENLESHAl G vl BAgES: v vudiions
appyaech forr farvsigsba] gaie Sramtors s adi eadita ppllicab Bl évrmmg fled metlggate CMOS
nddals metal gate CMOS 25 transistors. It has proven
desirable to provide ful |%/’SSI |icided gates in order to

sup p%l has propgrclesiable to neeyide Sl siligided gaggs in ﬁfﬂ@% SYPpiEss e drive current lost to
poljeiiteatdepnion tifent Howk@ney Bioyiding ffly QNitidkdrgte felabttoyles to suppress the drive

cuﬁér!t tﬁé ggrg 250\%0 tr%iglf L&ﬁcg?eg’onﬁ 269 g/pi e(?&?icefsn!ell %E 1) (ﬁ% Eabl& c{xangcd For

current or 0 he con

exingie P@e&hme@& sifipifiqtiopef terppbisilipanspiy cletiadng eHNMPS devices and PMOS devices
WIEbf;Hmé @,suﬂﬁfeﬁ\thdjdrﬂ@ cifrkdhd tos® tol JoBkitlath ideyterof eﬁ"etl@ However, although the gate

- oY RSB EROEGoule MU CR B R R i e s

detieps twilt mvp ol ypdésirktdomord &pk@ni dihis ebfcere limits Howelnimess of fully siliciding the
2@ kb By foRGmBBE S1d PRARGEYQI R of BhicdliR MRl ces wi |

have a desirable work function, the gate el ectrodes

for HermNotere dEnAteR oGRS With Ayl S&ﬁ““fﬁ’rﬁﬂ@%ﬁhﬁ% |ingluiphg non-uniformity
of fhel siididacidn, an?l’hicsaoteﬂiﬁuenr 1ﬁ1aki nig MActgdte bil@ dikgehid lane S&elable f Bk byample, over-,

sﬂlgldfldog CH SngSS tllpe oata 0x1 E:rm%%ngi t%fthebé% JmGEN%he rglabx?%/% the overall

m con UCtOf arrah emnen er nor

detiqger e are ot her concerns with fuI ly silicided gates.

These include the non-uniformty 35 of the
silicidation, and the potential for making the gate
oxide dielectric |layer unreliable. For exanple, over-,
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silicidation will stress the gate oxide dielectric

nat er i aI to the detrinent of the reliability of th

SR HOHhyi co. 1 VO 2005/ 109493 PCT/ UB2005] 0153420013240
SEMYBRRY (Ol R LNYENTI ON There is a need for a

dual -netal CMOS arrangenent in which the work function

of t hme@at & nectlf@ct hteaalareOs urmadient inivhivbube werk depcgpn of the gaie
Eelp 6%?1?5 aﬁg’;stlunagll q’.'?tgouglgm ﬁlﬂ?%ﬁ&&g a[@J‘ééu&dla @ﬁdrthcﬁtatt&@%ﬂ{)blems

are neet enbodi ment dual-metal
of thﬁnsmn@@@nneeﬁiswmﬁﬁ tyrgmidinecnts py B gent awaugn Wli'i@’tpéfr‘“de% uak-meta

%aﬁ&ﬁ&ﬁ&%ﬁ {sin€ Qrﬁﬁlﬁslx&b 2] zﬁpl&b&bﬁ bof SheSaiaded and a pluratity of PMOS

lélguﬁrs glglé; ){uﬁlllg ors gl dc\flg/es g?sve aq cg@d&s (\:vglé ezﬁ%{l \];Iglfos ectrode including a
iﬁhemtmmi@sn omh¢ fubsrare in\NVDS 1gad! ecgioh et the digke sifi} laaprh glhg first silicide
rﬁ%t¥ aﬂtf 48 MY 8 o8 %hcod'&ps@srk Je D ErsSHRRE Béﬁn@ a%@k @n(‘ilblf ﬁﬁhm +- 0.2V of the

region on t first silicide reg % b PMOS gate
condupioh e of gifonn 'lsﬁr £ PlpEY RIVEAOY deviso o uE PO TR ﬁs‘*r*@te%“ &
e%f:tr@e fu&vingta s&bﬂdl sﬂicﬂ&re@xaﬂ binge absat knd usecinil ortalviegibi on thy second silicide

ndUCt ! f l e hawing a wor
rﬁﬁmn eaoé'ngl s%cx rﬁgaon ol 815 tPg@gldggtg techgl hé 0%9&15 OngagAd%l% B k

fymtien vli@ing}- @@Nmb@e\fﬂﬁﬁaﬂﬁlhﬁ’gﬂé%@&ond Si I i CI de regi on on

t hle Slhﬁg%th&a&a?ed Bs ZeSR6oRd bﬁ&hﬁ'asﬂe@@b@tﬂe ﬁﬁsahlhﬁvc&&ﬁmdch provide a
SI 11 Cl de re

ofgfarpléngép% t“F‘é’dT;éK“g%ﬂ?i%f{“%“‘ ?mpéas%%c o%tc ﬁrmmg Cfglﬁgn regions on gate
dliba%inasgto aomgate elbtnies in MO tidvicn reglons GhdAw PMOSt Jpasicsy Fpigiepse elhe silicon
%yong ?Ig con%clé Sed tg g Brat s]- ﬁie Qégtbﬁ Enetgée I‘E:I%I@Iﬁj I{i}é\}rgzﬁﬁsgﬁsr A4 & aﬁa@comi‘slihclde region in
U 3 e vige reg@ls h"élﬁa f@ﬁft S’f‘@?ﬁ’f?%ﬁ‘ij’ cqnsits &F 2 ﬁréttsgmdg}wcr a work function within

AT ANG QR BHHIucti GO ¢fSilieg ahduie Stwpslicde rfgpmrbmgts of 4 fecma silicide having

Jegions on ga m gat e

g&‘?‘?"&%{b@“ﬁ “%M%Eég OFtlgg‘?arcg&%%lds PS&‘E] gﬁ in PMOS devi ce
r egi Ofths forcbieg Wil pthe éﬂamreégr?mﬁ%aﬁé?%a%?ﬁﬂéﬁ*ﬁ aigsepignygntfop g} become more
aﬁﬁakén?ﬂrdijxﬁhé‘ ﬁﬁﬂu@rﬁ dlet@xletj h@scﬂ%f@%\f)ke@@t 1ﬁ®@hdﬁﬂﬂ1&ﬁﬁﬁbnh@co@unot1on with the
Second. silicide region in the PMOS device regions.
qRBPFYPEFAYIE cj de region consists of a first silicide
having a work function within +/- 0.2V of the
BROFFRIDESCRINT IO 08 THE DRAWINER and t he second silicide
region consists of a second silicide havi n(lg % ‘V\%lr_ka h ;
functiisor? ishraschemptiojopgss-srctenal e of afseiRRIdElyt eE BUAG one prase ©
nfufsidd GQih-ma8 CHES fa5eg0inagodnde eithir préseainiengsy.
e L B RPN GO o o
lafescadogidvorwid kertaingmpedenatito! bapreertigehtighen taken in
conj yncs H%\Its W]etsthlctulfb%f F@@i@ﬂmﬁy%em%oﬁiﬁ@wf A gSondBRbdRayer in accordance
DESCRI'P E DRAWNGS Fig. | is a schematic
“@PS@%Od%BtPPdeéT"’S‘?}‘F’évWB‘?" a semi conductor wafer during
one [Hpgehofs thGruemmnuwk Fot Arfalowing diraformtion b ThioE mask, Tithography and
@Eo%”? 1'23%11% So ilmnn s@[';c&p{tééﬂﬂﬁ Goctifnbe \Lih‘)%nﬂ&fﬁﬁe%ﬁtof !bE] ﬂl%ﬁhﬂlﬂ'@nuan

e structure of Fig % € tewall spacers
{ or s wppzsqs tfaﬁrt@wwf E’lgo‘ioaf‘FTéVeme’@?P“é’f mwfcgff‘fa@.er‘? ES’HS Stdewall spacers,
ahPW@Ee/driin RG6A)ifl 136Qandd ith RBEdIAM ot tibpekenenesioaf t he

2 e555 (ST B, T LR B e

plapayiestion pf &e dideati@niaer lmmemhvabvﬁdwpafﬂelmsg IIbiFCCQTF]@CEpW@g@PhOdImGDtS of the
P}egh\ggmehtgm 30 Fig. 4 shows t he st ruct ur e of Fig. 3

lowng the formati @ h
and Tind 601 SOGPENT R | GPEHh LPTT A el AORSE TR PHOS deics i

a@6RARcE aitc@nbdibdntsaiithe giesppritwntoh. t he present i nvent i on.
Fig. 8 shows the structure of Fig. 7 following an etching of the upper portion of the silicon stack of

the NMOS devices in accordance with embodiments of the present invention.
2
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Fig 5 depicts ‘the structure of Fig. 4 after the
égﬁ’ on of source/drain extensions, sidewall
Pd9%0d source/ drain regi ons, in accordaR€C&UsRaoks/013240

e nb 0 Ciﬂng? Hbtpﬁis (a{e SIFIHB@JKPJI @‘%ewmef HY r%ﬂg\;ap& the 'c] 09 stoanﬁﬂgc‘f\@eszhl%n of a first

ucture of Fi o> follow ng the deposition
“&F{a P acepioRee Vi Fapodiinepts o the PrsSRtiRvaRoRi zat i on of t he
di el &t 1l obetyedtudtite bfeﬁg)@aﬁcr@fplahzhﬁatiaﬁﬁxdcemiﬁK:cd:rd!hnce with embodiments

cordanc th enbodi ments of the present invention.
O%&%ﬂﬂjgm 's the structure of Fig. 6 following a
[ it h@@rhl picts the prucierephEiR. 10H@loPvDS: thasalingstep inform a first silicide region in
llﬁmmﬂ&ﬁ 1M$omaﬁﬁmgblﬂfﬁﬁﬁlﬁm§)£ftﬁe%s&[ﬁ%ﬁﬁgn i nvention.
WS he stru oW n

F [ “
ot S o PR TRF SEb T afloue ety oo Skl 19OS devices i
a@t@rdalhewwmoct:ﬁmnnsmé&cpmseaemxdmnce wi th enmbodi nents of

the REPLHY mfs QIYe Bétlg'p of 1216\/? a%@ct S&%ﬁé%&}‘? I;s LPe{fox med to 1emove the upper

PCT/ US2005 0132
PRrigy of de gliop plackiia theé’h‘i?%é‘rm% i %@I@P@W@Pwdm&vé@f t*&rvfpsem invention.

deposig!t i4@epid thdsubidtdrs br H@t{@éftet 1@m@x@pﬁﬁlﬁ@ﬁ§3 Rop\ybiin the PMOS devices and

ijrents. of the vent | Fi g.. 10 . shows
de? e%gt0 {Tﬁsf: TR accaogan@ 4‘? mE d’éﬂeﬁ'ls 3&5‘???%‘% PER"Br ocess
i n abieotddrees Wetwuetwbo:d i Fimntds aftepfa plamripfi@s entess in accordance with

em%ﬁlﬁﬁﬁtéﬁﬂﬁpﬁseﬁ@vené& depicts the structure of Fig. 10
foll nnealln to forma first silicide

st e
r egi B TeReDEH D RSB RE J F17vise OB ezt S rfom the second silicide
regipfz drckicenefabes wirh em!knﬂmpmeeiempmsmﬁmnmn Fig. 12 shows
the lsiE rll?l ﬁﬁ%&e‘m Qifemg egmbojdilmeg‘lpgf hg?@ bk dgvenlio% Qu %%Qrglgyasgéfen%nufacture

to nmask evices I n

enbodé i ferictothe piffenajsradedimert ﬁf/%at chﬂllowmcg‘ox matiog of ghpifiett gnd second
siltchie regiofisi € fdddr@anef withi tih altdratdnlbBdiméetts o the Piefek iStRidn.i S

perfornmed to renove the upper 10 portion of the

@K VI ces, in accordance with
Dﬁr%t%ﬂrgr%%s oéNt(ﬁéﬁ%ﬁggg@ I'nvention. Fig. 14 depicts
t he 'ﬂk EJH&BFHEV%HM] aEdr&ses ln?d s@ifv&s%ob[‘eﬁ:m\/a@d Pdhe itonl%tn%tocf Iaual—metal CMOS

m evi ces and oslitilon of
o B DG AT T HAHEE GG i thTraRiE decgtesaiiuodes, including

thqpe ehiedto riomvgithigrof mEm@nmﬂ.zﬁd @ﬁpb;ﬁ‘de&eﬂa’ﬁl&tys for ddﬁd‘m,kfs@:cl@f)f the invention,

the du& me%af' n_glf(%%gra eﬁén@?%&%vﬁ@é bty gxrgﬁtﬁ%is N%/IBS %gvcfc%%ana%ﬁ)s %evmes that

rese ven

llaﬁ@ﬁﬁe ﬂegrotiqqe Egcp M@Q%ga@ eéeptrqﬂie glcluq_eg affigit plbq}ﬁe,qg;loa 90 the substrate and a first
meanfegiad binge SOficlde rdah mI‘ﬁehﬁstSﬂiGi@&ﬂngﬂ i 15 100805 ga@gﬂ&ﬁ‘&iekﬁnmsts of a

ﬁrsggf:«g(ge%%\qggga \\%ri(gu er{)?agzrqéugfz a(fz 9 FI‘%’ ﬁ{?nel%}xd ?f% 1%(81::, eEggh]t’MOS gate
elf:?tf?d%mhld@ha mnﬂd mgcidrreziphagke wbstae mdfaaetout metal rdgiog on 8 second silicide
regﬂ)ﬁp 'I‘ﬁ‘et s§co¥1é"§hc§ie r%foﬁ@&ﬁheel‘m@ﬁjéarf@&tr&@s (E)hgst ofds ecfofx’d 4119%"@ qgvmg a work

first and second il1rcide regions In
o B0 R 0\ PheMERt BT SO A S0P Cfjede o ony parally
Sﬂlpﬂ@s’ﬂitﬂ the sitiaidenvegia@m are 26peDEERIptofride DR GGER I 1hédN 1Gkbld tbe compatible with

%{EE;\E% QMOEH ;%eg%ﬁcc‘e? n Ennéen%‘ L %ﬁoﬁ&eﬁg %e %ﬁ%sof A %Dﬁ(oﬂﬁ{/@’l is achieved

ornmatl
emitl?ya%stwg fh@‘ie@nt kel of metarseahey Ffarsﬂwl%wgww fovmg Weshriwo different metal

siliA&S amn@tdeﬁrew vidik fuudtﬂoys 3h bth& e ARGl aheedﬂﬁsata Ermi% is precisely adjusted
orm

t hose
o Rt B B GiuBe PRy o Wit e respseve
WQ&EMO%TYPQWQCﬂSnvem ion, the dual-nmetal CMOS
arr g gleﬂzsfd{s a'cﬁaspsreg}é'ng ngvgf ta Bor@orpéyflﬁrs@lhfc&ﬁuc%fr w’:}lm:ing one stage of a

devj ces and PMOS devi ces ) . .
semmconductor manufacturing process accordmg to embodiments of the present invention, A partially

completed semiconductor device is illustrated in Fig. 1. The device includes a substrate 10 formed of
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25 have gate el ectrodes. Each NMOS gate el ectrode
includes a first silicide region on the substrate and

&9 0F94Bet al region on the first silicide reBfHHS2005013240

s-mc% Iol‘ éx%&lphg" uf)s%!atgﬁl h@PEON.- &Bc&r@@onwm 8 A Bp & lr&e 0. dehe substrate 10
consi st's first silicide

PR -0 TRy S RS RSP B choBr T PRy o e
Each P&#ﬁﬁu@&h@ isoblieCST D deuciureclsyptesleasepaaion bbtwdeh fhe iPefleped region 12

aPcﬁgeﬁ%o%ag !3&‘ z?éf Rg'a(!v?c %vénéoz@erﬁs&%ﬂ SRLAh mre@q&iomy R be employed

e second silicid
g @g!%hﬁsﬁh@bWtfﬁ@hPWleemel ectrodes consi st of a ~
S ec ormgaﬁa' didieBtti€l Byeh 8ik fbgnéﬂ W Kubshted 10N Thd @l disietdid Ayet 4§ may consist of

aéptg 81?11& E&uéeﬁgrgpl% %erglgxg F}inﬁ?grnfems oétlle[ mvengoe dttb%a(f‘é C?ietl @ig ﬁygqg % ultra- thin,
asd InkyC bdBetwegihionss &r @oute’ﬁ)pe{ﬂr ieyaaipie. piuoly p didel soif (iﬁlecmc layer is readily

k}l&lﬁé fes E%U}Hﬁ’ JH«%‘Q LetdnGrOEss CONRAL isitkige IWbJeE& hab Bétain advantages.

devices.” I n certain enbodi ments,
Hogvet, aﬁaﬂﬁgh%ﬁed ﬂEt‘FefOf\RB’l’% PFOGFTE £8P BYPritress dig ﬁ?twé‘a enpl oyi ng -
two oy ﬁrﬁten;e(ﬁtlaykﬂ ndsfomfed pRthalkSe disleralt 1asr 18h &hs it sficokelayer 20 may be
ns are

d%@%l ma gm%v%- éllgrgL naenner% c?ﬂain efg}eﬁ rzxﬁ oﬁ%ntﬁ%ﬂlmveﬁoh 'tﬁd fﬁlﬁ Silicon layer

er enbodi nments,
1strbieuvs1w kg bafieeen H) te Riot80A, dor BFa@@}es & oprieatiiselaly pyderef) embodiments, the

(RGN EMELE Bt By fa!ye!r iChetlReP b@&ﬁﬁmuttﬂ@@X ey certhif @Mmbd Rictidy preferred

'R%Jaﬁ%gg@%bg%"?o ﬂ)l% grgt\e,sflksgl%xg ayelr: gess Plglé%t}ogt%()ke%pre au\JeKEhm gate silicide
kB3 S sEaE tplrablaah ralit@wo ahosa cpaed ibp rivlbf s;ig::dgé ghte Glediendesp including non-

uéﬁ%&%l;y HUEdiAGon e 8 RS Rhoiigy. S€m conduct or

nmanut'act uri ng process accordi ng to enbodi nen &
D 05 815t 2 PAFB B0t 5o § TEIOHPE e PR GD Gl o i sip T 53 onth s
mﬁ@ms@amduu;ﬁ&fch &6y ia@e24 18ayi e lati Stidea fyed] foir Prafplg. It Is.deskfale to form the etch

st el\éjlse}(; %)@2)8 %eli"l d S A 8%)}1% 12%8(31;@ sgxfta%)lg r%)e}éﬁ;(ga% forming such a thin

laButyé pidet @ other etmmee mateyia mebbfe@w#t@@q " ARt ZHONEOD (Bf?é‘iﬂs a1 600 to
1(50@91‘ IQEHK bl fsed EEh@rmStI%Q&B kg Byed €. 1S dODEd WI th the N or

1X10 %logv%gﬁg] Ct?}ﬁnatuf ?fat fggﬁagftgpf Iaﬁr?za? Peé:(\),\r} tlayer gihglbcg}inﬂ is formed by
cansatia:i e Gadics os the ech stprelaed 2 r Bheischond Slprmlagar 2Hmay be between abou
7&)}8 Xﬁ)ﬁt@()lﬁ(ﬁefop exglglﬂg Qndfu?&h% erkodinfRd JJJB&n N.’J()dﬂﬂﬁ‘(ﬁt r eg' on

devi ce | evel nvent| onal ;s ob % n e second
met hB]@o‘f* SW‘SrFéFyS“B%“f% Abtigybeer 8 hprg “taF‘is’é¥“’é BHECSHRPT g
sikido® Ngds 2k IQloakd t@ratcmegstapmoI&m shicgataeksdb eEel bfithesilicanysacks2§ has a hard

mFSi BB? onq{l]e Ué)Beel' §)§rld%) SESroqtﬂ% s&QOn sTatal? 2(9 afk@ egjuﬁé &Ekds isfﬁcon regions 32 in

for exa I.n
cacientin sﬁncmﬁ@e@ﬂﬁeﬁteémémw i 9‘@% |S‘aﬁb16 PHEG A8 & silcon nitide, slicon
oxeChe CA Eérﬁenln@iéﬁzfmsat&pic $tchihd fe@mighd, Buch adBaliveEiyn Behilgeiks \wegnyed to etch
aboui‘ dgl g ?ng for exanple. Such a thin gate
dopinde BE#H CPLGEY 1% readily susceptible to dammge
dur i Relogingee dbrmalioy obthe kiligpn sledks 86, assouredridin gxtegipr imjplpatation process is
1%% Q§ouﬁ:@fd1ta91'eﬂm§f3}(se§3t @GR entionat Qnaéléﬁ%ﬁﬁ%ﬁpm@tecfhﬁiqhd are performed

ate fornation rocess .can over st ‘-h@ aﬁip e of dopants.
tog*arr@r@%}ydﬂ@pe the NMOSdeses jppMPF gavices gepprately SiHA Fuighie dges of do
FdjiaéRg the eleioh 61 the sodyeitainl Stenditrd 34, istdswallspdcere Binard agagad of Gre sidewalls of
the rs%ff‘onrsrtaég ?Zg %S ctane\.'gntiloxl%’]al %Cﬁr&{uﬁe%ch\olag %{e?oﬁgw @lLa sllalaarl. grﬁarﬂgugl' fhd etching.
Subwmleeﬁn thie &yration pighersiseywall spaspry 3¢, BPRROPTiFe PR auf(mplantagigp e hniques are

en@%& to bte &m&@ reglblﬁ 38 &f theliMAOP akkdeCdull &k PyIOgEfiRE, ﬁ:ﬁﬁhctweiy

s DB 5P B A6 DOORIOTR BT F o eyt tie 1B may o of
anpp adulvéntioklabauitapleiieiefter maetiall Suck atyrddw irdiskegric, taihteﬂdl@mtcc Kihediglectric layer 40

of the first silicon layer is |less than about 50A. A

relatively thin gate silicide thickness solves

problens related to those created by fully silicided

gate el ectrodes, including non- uniformty of

silicidation and gate oxide reliability. Fig. 2

depicts the structure of rig. 1 follow ng the

formati on of an etch stop |layer 22 on the first
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silicon layer.20. The etch stop layer 22 may be an
oxide | ayer, for exanple. It is desirable to formthe
VOS89t op | ayer 22 to be very thin, such aBCBDSWOS013240

n;IaQ/ée dfaﬂ%gueﬁ){a?mﬂ% @mtanﬂqﬁeﬁ‘lbﬂo;o@ ls@chnﬁtcﬂ&gcafl %poI Qé)ﬁéuw ((%Vﬁh etc. The

hin Tayer oxl de or other et rial may
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silicide is within +/- 0.2V of the val ence band of
silicon. 35 Exenplary materials may include ruthenium
rhenium or cobalt, for exanple. O her types of
materials may be enployed as a second netal 52

wi t hout departing fromthe scope of the present

i nvention. However, such materials should form
silicides-with a work function that is close to the
val ence band of silicon in order to achieve the
desired dual work functions of the CMOS arrangenent.
In Fig. 16, an appropriate annealing process is
performed to formthe second silicide regions 54 in

40 the PMOS devices 46. A suitable tenperature range
for the annealing process is sel ected dependi ng upon
the netal form ng the second netal 52. 5 WO

2005/ 109493 PCT/ US2005/ 013240 As seen in Pig. to, ne

I NMW/J aevices nave a first silicide region 50
consisting of a first silicide having a work function
within +/- 0.2V of the conduction band of silicon. The
CMOS arrangenent al so has PMg devices with second
silicide regions that consist of a second silicide
having a work function within



+/- 0.2V of the val ence band of silicon. The work
functions of gate el ectrodes of the NMOS and PMOS 5
devi ces 44, 46 are thus tunable by enploying different
kinds of netals or nmetal alloys to formthe netal
silicides. This allows the gate silicide thickness to
be reduced to bel ow 50A, in certain exanples, and
bet ween 50A to 100A, in certain other exanples, and
Cldilher ef ore sol ves many of the probl ens associated with
fully silicided gates, such as non-uniformty in
silicidation, and gate oxide reliability. Figs. 17 and
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ot h@rf*aﬂx/5féhlaévﬁeéé§0w@m @eanwetqﬁ%angmp@ pettiew bF elailicon stacks
and IRYdb ora theONWRbN reg@k@t ivity phase silicide, such as
CoSi 2. One of ordinary skill in the art will set the
anneal i ng paraneters, such as tinme and tenperature,
3. t 0 ”Iflﬂmi‘é\tl{oh er ifihll’nSLI wRBEin RGP G Bdrlid G icRBink R RS0l iim&Ffetching
ity he des Ed silicide phases and therefore
© Vﬁ?ﬁoqﬁﬁ’ @Hﬁmeﬁ S'$function of the thicknesses of
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present |nvent|on being limted onIy by the ternms of
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SIIIC%MW g Serpineon theeish ias lage %tldgmcemmi@l eecdfrtsrqpctayb:ayer to
formgate el ectrodes in NMOS device regions and in
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silicon regions in the PMOS devi ce regions; annealing
to react the first nmetal or netal alloy with the
silicon regions in the NMOS device regions to thereby
formfirst silicide regions/7and first netal or netal
alloy regions on the first silicide regions and to
react the second netal or netal alloy with the silicon
regions in the



PMOS device regions to thereby form second silicide
regi ons and second netal or netal alloy regions on
the second silicide regions; and wherein the first
silicide regions have a work function within +/-0.2V
of the conduction band of silicon, and the second
silicide regions have a work function that is wthin
+/-0.2V of the valence band of silicon. 2. The nethod
of claim1, wherein the step of forning silicon

eSI

7. T eg;l &N etho@l f %gﬁn 6, W]}C!‘CE’IOI?G s{(f ng conulollméﬁw pgaﬁp%gﬁf esﬁ'ul fap I5{.3c0nd
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9.

renove only an upper portion of the silicon stacks

and thereby formthe silicon regions. 3. The nethod of

cl allimnethodieéelaiml. whereis thegirp mephetmed! hioyds ehtalng. i s a
controlled timed etching of the silicon stack within

an etch step. 4. The nethod of claim2, wherein the

st epreghetiRipdfilain g waerein denserand] kB o mtepekdvtis age of ruthenium,

rhehilth ot cobsit.] 1 con | ayer on the gate dielectric |ayer;

form ng an etch stop layer on the first silicon |ayer;
and formng a second silicon layer on the etch stop
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el Bl ot pepes

et chi ﬂg i ncl uP et chi ng the second

theriypys %@mbﬂ‘?W@ etch stop layer; and
removing the etch stop layer. 6. The nmethod of claim
1, further conprising controlling the work function of
the first and second silicide regions by controlling
t he phases of the first and second silicide regions. 7
7. The method of claim®6, wherein the step of
controlling the phases of the first and second
silicide regions includes controlling the thickness of
the silicon regions. 8. The nethod of claim1l1l, wherein
the first metal or netal alloy is tantalum 9. The
method of claiml, wherein the second netal or netal
alloy is one of ruthenium rheniumor cobalt. to. The
met hod of claim11, wherein the first netal or netal
alloy is tantalum and the second netal or netal
alloy is one of ruthenium rheniumor cobalt. 8



