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DUAL- TVI ETALCMOS TRANSI STORS W TH TUNABLE GATE
ELECTRODE WORK FUNCTI ON AND METHOD OF MAKI NG THE SAME
WO-R@EM9@p3 THE | NVENTI ON The pr esent [ nventi on PEI/HEWE5/013240

tothefleld of semcon nor e
parti cul arI Iﬁorporatlng
di fferent gate evi ces.
BACKGROUND OF T n the sem conduct or

industry, it is normal I y desirable to fabricate NMOS
FELDOEYRE Fettiofxi de sem conductors) and PMOS (P-type
nmet al oxi de sem conductor) devices with matching
t hreghalseht iﬁoéntl&gﬁﬁtes {oltheCRRIIME Bénii@ndlctos Babictimdand tupre particularly, to a
roceSS|n I es are
fab BV E G|‘°"°(')na Ora%a%‘%%% ?n?%fl Q'que'\/gﬁg% ?ﬁ%tqll)g&ndégife%ﬁ annel
nplants and selectlve doplng of a polysilicon gate.

BACKGRQUNe RETHEINVENTIORt i ve in adj usting the threshold

vol tages for PMOS devices but | ess. eff ctlv .
o IPCBS S 8T BOHE s S BFERS 1o G SRR (YA mera oxid
sernibidBetie)Ci PEIDS re-a/py mpRISKide seari®ndition sle\hcav witpmeiphing threshold voltages.
In c%ﬁ%}{t}l gﬁge ntdgct(;r H)?oc £|t1§ It]ﬂbglaﬂcg PMBQ tﬁ@sﬁlﬁg v@leag&gare conventionally
|r wor k functijons. g?Jtl t ¢ is oenerall
adiyrisd By 2 gcat%n%@%%h@ﬁ% ABPLagfsenth S RYC P%Bfr% ‘é‘&‘mb%? e dfys generaly
offeBive il BGusOfs thethitkhollr voliltador BMIPP eelwcw; i 1439 bffestivle ifafMOS$ devmes To
otle%:ﬁléﬁh%sﬁ d)ro%ﬁgng duBr xﬁfeta?téeﬁp bPI%SQEﬂn{LE&n@AtarS' ?VI(% %ﬁmtsyhave been provided,

to ensure nat he
withihe mbtalgifopmipg t@hgasqs beirs spleaddpsed orotheit Wk FRgtieRs: ¢ hi n gate
di e kt%@lﬁ(gdapmetﬁ Web taRisRrs QRIBmANY ehricatbtdh b ddy @ichibig & rhetal st W@al capped

w1tl§Pq%irsg16% t%&grg)ot n%atg? %PQ?tﬂuné gmgel ig %%?Hel t1 Schaﬁené D% aJ PR ‘?11fﬁ)cfu1t to ensure
thai thicned Sackhemkegepeduor @ntlira-Tiveste dgﬁeetm Sl aéﬁé%ﬁ"‘a?f‘t“@r déjis failure to
stoﬂ Hle fdﬂf g&hn&l t‘i@"gﬁé oflad Bsditf aNG F:PbSsiROL L 0aReIRiARMs, MLy causing
nmpting to I npl enment dual netal gate CMOS
mcré‘i“?"a‘?f&‘é&?é\’ff%‘ As stated above, such netal dual netal

gat EhdsMpbhlats angenidinForming ntbed patalrngsters ag dfagesated|ydien attempting to
1mpwegt JuglnrgEt 1Oggte%M’O§ gﬁan&éﬂ{eﬁéh%s Qtatéglagtﬁrg Esich HOMEMEI metdl e CMOS

tra |t|ona proach for orntng %($ e traditional
arTqn eI E gf@é?sga‘ﬂ%to At e Fe5k fYnetigse @581‘95*“11 B Y eHrafe traditio
apprtiafor @by GMaledid anmsiket OF it re|a<m1yr@ghcpm@weﬁqmdgg¢qa1am¢t@1 gate CMOS
rovide fully suicided gates in order to suppress
*drive current lost to P silicon depletion
ef f Edpsproven desiredle, to pievigy atlffféd BTy Ot uBRIEPS g ieve current lost to
pol?‘slllﬁ&{ iDU8S drRctS UHW&&ﬁ' int &vidiligl My Elitidee Bite elbdu@deans buppress the drive
curg:gt nlf ffuﬁ%ﬂoi} %rhone 0 I(}]e CO({I]JQU %L%i: thvugey R g§ Mﬁdgsgrﬁ l%Ncﬂlalnged For

ange provi di ng
exagiple] [ dtutgl foth SIku:ﬁdatlheofpi@Ipylssﬂllqoe eate @etredeepféﬂti% gR¥igesnd PMOS devices

WIIMSQ(? tﬁnﬁvg Mt qj&‘sf'/tb 6t sﬂYMoJl hepQBtﬁf de€is. t Movup ltBagh the gate
drlve current ? de Iet

ltfmseu@ ﬂgg{fﬁ% cg{s unctfon, © gale, 8?ctrodef rf]or the PMOS
de i lICHAVE zﬁleﬁdaslreiblle Waly @nctiog e $his atnb@n limitskthé uﬂqultnpsg of fofl giliciding the

gatg QE ﬁo& %Vﬁﬁ(zin? 'PMtO@ %e\P J¥Q§ ag&\'{éo@t@&toy\értahgeﬁ@ﬁfte a n

eS|ra unction. This caoncern L%% he formit
usefuqthqesose gprefagg] qthpr pgeRrs d’l“h flly silcigrgsaten Scer“tﬂ:t‘é% g pon-unitormity
of BOiltidaSna id phiboal fehawdking the igite auchelltﬂecm thys tupeliable. For example, over-,

sﬂx«%rlz{tlﬁlp g/ﬁ{n:f‘rﬁss thel:l'laEet cl;lx? réoe e%thc tm?%trlaq 8t eﬁtt(ﬁ' glﬂ:cr@ﬁagﬁity of the overall

trarts1ht01p

Sui |de ese |nc
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of the silicidation, and the potential for making the
gate oxide dielectric |ayer unreliable. For exanple,
W@V@Sﬂmmsi dation will stress the gate oxi de dper/E81005/€13240
erial, to the detrinment of the reliability of the

SUWéPéHF IHENYENEYMVARY t THb UN VJi JNITUIN There is a
ne f O1£ a neegi t%r Fré?%] ﬂlet%s%a@@ﬂmkmw tﬁé’m/cﬁlb fJnaﬁ)n of the gate

Fuhét te el ectrodes are tunab
elecmdpmwwb@ W‘l@w@i ufing 4 fyl ySsehc@Fcb@a elggtrode @l et Ff&f&%anbﬁﬁ&blems
t hepiis Al beGdasat arPhed bﬁé’fﬁ)odﬁﬁbﬂt@of&ﬁd)re@d:nhﬁfrenﬁ@ﬁdﬁch@f@lde a dual-metal
CM§§ g{}’?nggnegtnb @%)glflsq%g% 311 otfaw% appliureﬁl? w&g rcl.ig\lu,%g aé{ﬂ Sllarahty of PMOS

arran
devisesb Iber tralitpoftNMOD laviced hatveyga@felem@s uélwaelegrp@ﬁcgata electrode including a

first hld{dQL éioﬁ of? the Mtéjﬁ'lWactﬁ§ -mez(rihﬁg@ﬁ b @b iriksy sifdideNBEXD. The first silicide

VI Ce ave el ectrodes,
s DU PRSPt PSS B G gPBBch figin + 02V of e
con&udidsittaid & saidch. ar l'felplhﬁeﬂltynﬁ‘tPa/{OS‘ d@gicorhapngatehidecfrdes twith each PMOS gate
elecgoc{e hgxlmigg:% {eeo%d gpmde e onf c;n tﬁ’e su§§tr%tla Qﬁddaeseclfoﬁ@ hl@tgl %OII e \MESRd silicide

rode cons of afirst silici avin "
s e Fasmet 14 FEEN P S PIOB BB fEmis T T IS AR e 8 vor

fun@bn Sighid HOM2V Eﬁh@ vmblwe Binkibi}/sﬂﬁfm Plvos devi ces have gate
el ect rodes

SeCSIiLFQOt‘%ef |sti'at8¥1I aeéadsr egeé m'é/(? ﬁ er as egtt tﬁ gr%se {/eg@onawhwh provide a

rate a second
methtﬁlto@_fornuega dal-petal ﬁN@S@g@r{ggrgeng |cq>q1R§1|s1§@th¢ geyr @Hormgesllggg%ﬂls on gate

dietSdids G %Sm gtlg 'eﬁaro@écs 1¥1 WMCQ @Jg%nﬁlnﬁqﬁ PSS &0iBS tegilosis. Ofhe silicon

oo el oLV 005 SRR o Y Bt g i

the Bﬁedﬁe@feeegains OThaditst Hljcidstrépim casiye of sfinfsilicide hap(rng @ayetk function within

+- bV Shtd é%g‘iiu\é@ﬁ%“d% ANdofl GnBnd RLAP e rég@fn%r@gts @f a second silicide having
dual - net a

. ~ CMOS arrangenent, co r|S|ngthe st eps of
a wors fupptiog thet ip pigitr @4Y %""Gﬁmﬁaf”g fléPctrics to form
g at ehe&blegcﬁrrgaﬁkﬁsheir f&athﬂVDSspelm/amd: @lvirggesoi e aragtng imve RPDSill become more

app]arent fr%r% tl{e%g ow1 det£ﬁ§ df%!:rl pltlgrio(ﬁ te gkéﬂﬂﬁ\gsﬁchev&?lgfé%glglg&gﬁgbu@l with the

accormaaawwek@n@s& I | CI de region in the PMOS device
regions. The first silicide region consists of a first
BREFIDSCAPTIAVORYHB DRAMANGSINCt i on within +/- 0.2V of the
conduction band of silicon and the second silicide
r egiFgn 1cio s scbtnstio ferass-wetvor dview bf e sgmicpnsistargvaerndiriRg one phase of

maltu?ﬂﬁll:e P Bual- H@Jﬂ dl\/ﬁ)svﬂahmt&s 1'ﬁ/.'116001gan%é/wﬂf thd r@eMaivamiee band
1 con. fore

n r featu
iR A G 0 o) SUBREE (P JEREPER ek “GERRGD § oo seon
1ayemnfaecmn@memtzerfarn@nmdmenfs@f theopwesay idettign.| ed descri ption

e c ib b6 QbR bOkYer in accordance
o I N M LA S

Wltfrﬂ@oé)mwmpﬁsﬁﬁmie“ 13 schematic cross-sectional
Vi e\mgoﬁ sBoveahd &anekdof Gig. Bablexwigiuhd fogmaing ophdard nepk, lithography and

anl%’?%? %‘%‘H‘u rtoe r%{ shhc?lhstac[(mB QJcor%mh{e%&lﬁén%r& th'e gresent 1nvent10n

esent 1 nvention. Fig
t he Figt ¥ depictg e sofotufi of bisg e theofiHgon o Eoreg G CG Syl soscers
ancﬁ%&&/cﬁ&u@ﬁgll)ﬁ)ﬁﬁ Ecc&ﬂan@e fit e‘irtbocﬁinédtsﬁiﬂ e R3¢t invefticaC COr dance

th certain enb esent. t h
FI g F1g3 6d%lﬁ‘ivscfh§ s{rhcéur%t F %{..g[ f81t1 vxfmgp {he %615)31];101 Fﬁe ot dlle?erétnﬁ layer and the
plagteipoisn bi e dielbctdc ls@c drdmsyal ofctbmhdnhyleqk i pecerdeee aalh grbodiments of the
preggﬁglgve tﬂ)‘ﬂpdl ments of the present invention. Fig. 4
shows

e structure of Fi 3 follow ng the formatj L
of  &ithREP UKL b BiEaD IRk JRPEB O © BEE HFAO olevies
acchkd¥e Hith énﬂ)emmsﬁtmlm piekengie@pticlance Wi t h enbodi nent s of
the Fggr gsh%glg the m{lgtﬂrtelo 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
formati on of source/drain extensions, sidewall

WG p@asaeE93 and source/drain regions, in accordaPCBEUS200$1013240
enmbodi nents of the present |nveng

st riige f depeetsdie sfj}lvéure A Frbewhﬁ betrto‘ﬁa Otgep%%l s ger%FcpAgﬁoshilal? of a first
metallin@t@eibick Gith ayetimangdofttgrepinaineniiaat i on of t he
di e]f‘ll 36 gho&s hQX Erude e B E@a\ft@] Iﬁatnaﬁﬁ@onqﬁd'cgss s ordatte with embodiments

accordance wt enbo |msnts of the present invention.
Ofthﬁplgsenf?m@wpcts the structure of Fig. 6 following a
i tRoar aphk t&ts&ﬁbtlﬁ@ofﬂﬁs |1(0 fol'ﬂ@m IMoGniteling Gers toi form a first silicide region in

e R A o
et ofig. ng stofvs thetrusppert Figokt foligwiesf a Rhrerghy 1oo6h méS?(éW?S devices in

accogdaﬁcemn&@l\ﬁ{eﬁt@&thé'})r@&@ﬂlbéiﬁ&pe w th enbodi nents of the
pr esent 1 nvention

ar tlég 19 H%P“f't%%@QfCtu{ﬁ Fl‘ﬁ% 1gtea§fﬁcat§tse,6 g? stgt 1rs up%}fcgfﬁgd %rre&{gfe the upper
portﬁe Bﬁﬁd silic@staoks imthé PMOB devizesa in acqerdanve with) eml@émwptf pf the present invention.
e%k?é tl%fstréclaﬁe & rF%S %tfteﬂ ra}{cﬁfgltdf 88 etcidih laydOn R ON®S devices and
ture o after a L{If}ar|zat|0n rPrOCGSS

depqsmomf@@?cammeéalwaewr%% g Frefpdisneys o P SFIELERE ,
[ nVlQQt i90 ﬂeplcf@ the slidhcr@depif atigs taheftes tar platatiragoro profdsg .in B@ordance with
neallng step to forma first silicide

emblo‘gﬁlfrgsn(’fggp{eﬁen RS devi ces i n accordance with icid
enbGgi ielapigs §f stirerpeidieardf Hlovagtan Spnealitig tep joofoup, dhssecond silicide
regibrd6n RLdidAGLeWitB e@bodfiedis oflille fr@bdt GWénign. a | i t hogr aphy step

te?rb}gglslﬁgmcgs ag%%éﬁg egl};%iénéeﬁl{ or} thae\(;;)rga(s;er Eim\lll(f\it \Mu]ixﬁ one pélase IofC Itn%nufacture

t heFig.t I8ulepicts ehe @fterfsiegembddimeift b Figal @{lqyml rngpgbof the first and second

silickfe EJgBBﬂﬁ‘ gccEI@arﬁ:@thﬁe atltgﬁatéjaﬂﬁﬂm@ﬂi SflaRPreadnt bt | 1 con
stacks In the PMOS devices, in accordance with

enbodi nent s of nvention. Fig. 14 depicts
DET%EQPFFJ%TI@%(%‘IL%M'%@}%@}l{er removal of the etch
st o*Phel "E‘ééen'ti inbdbibd ok dj%We&ﬁ&l&%QelQ&p@ %ietfér{%hoﬁ fof @al-metal CMOS
se I'n accordance with enbo

tfanﬁwt%em@ ir w@m énthosi pgpblems aggegiedy Wy ﬁ'ﬂéy %‘F‘i‘%’é 6iF ég%tf"des including
those rated k@ ndf dnBérmay pf saR@Etiod atd R opidocHadity. M ageoragaeieef the invention,

the 8!@% fngt?lmﬁ rrea{‘rllz:ge%leotfls tgr@%?e%éﬁli%%}gélw ?rﬁl\hé@ devF Esga:nd PRIOS devices that

| om n
have mmeechorys. SEsclpNVOSTegl AbQIoGe 18elstiiis FICKF HEOP i Hbsy and @ s

metﬁqgé?gng)?mgdé@u%ﬂsﬂlad@@&dl THe k6 s1mﬁdetré'ggonpif @s8emMod guwaiitir@ln consists of a
epicts an a odi ent. & ate
ﬁrsli ﬁl}vglﬁlhiwbq,g ad‘mr]f ﬁlactgﬁ é\/lt% /n %tl éT%{;l b?tIld #fgﬁ & %%MOS gat

rm n u
me@ infglest dvecoad slbmdq:at%m@mﬂ@duhﬂ@mﬁt ang fu sqrprgi el g Plb%? pgond silicide

regmt? r'ﬂﬂgécgﬁh ﬁfexdt: pé%mflé Srile PAUSE SRERAEHAS dohsst 61Q sEREH MRKle hiving a work

accordance wt he alterna e enb i ment

funﬁllogs)\éthlp et ?f tHe v%quPaL% ecﬁi\c atel.”tﬁch.rode is only partially
silididu¥ RN thEMliclde@egiine &re rebpettiveie ptowldeni vatﬂtdﬂleléség isiprdblg ¢5) by ggmpatible with

M g?Mrd%l t%e dgw&e? fnhc%rtiupgrﬁ%hﬁrgﬂs Qlte tgrﬁﬁl of iRtk £Ddn is achieved
r anS| S

ors In partitcular, to those rogl ens different metl
emplesingcive eV s plimegls serh @b the diligfdt Y PR two different m

s111é1<ﬂa§ haUJd'Jg RgflROSRK fugdtidhse dn bifer BABodinminfs ahdilicide dfickness is precisely adjusted
to agé.\ﬁ) Igg:%rga?%#lhoc?%%ﬂasesg %t eby g&egt}nﬁ th &No?lgkukét{ox of tlhgbe glﬁ&ﬁér's“f& the respective

Inventi’on
NMaISraachBdO® hype degicpr ovi ded with a plurality of NMOS

devﬁ@e%[%ﬁ@ P%segt%\ﬁhlcv% de I&%rtlbﬁb’ﬁa @ﬂlc@ndﬁ&tﬁ(ﬁafe@ d@fg one stage of a
ate electrode incl uq% ﬁ t {ﬁle resen angn on. A partially
senp(@gqlu@tﬁr Ban qq@rl%ﬁrg?efsa:tcgorg% to e 1g1Fn S O p

completed semiconductor device is illustrated in Fig. 1. The device includes a substrate 10 formed of
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metal region on the first silicide region. The first

silicide region of the NMOS gate el ectrode consists of
w@2dosnet9zi | i ci de having a work function wi thi PCHUS2005/@13240

V of the conduction band of .silicon., Each t b
T T g
is depetbeittrtat }e caRtypadpatovith aveteaf ahowg kB t@ﬁ?OtltHélOs é fOf example.

S :\&gﬁaﬂgw El‘g‘Pfl %Qlatloy?ﬁ“l? ﬁfﬁ@tﬂx@ 18 'p{o'vﬁésCL@paEa%gﬂ BHﬁﬁeeﬂ)fhe tPhﬁped region 12

e

ate ect rodes consi st of eco {hdci emploved
and Hla%%gedaeamlk‘ aftreriroveh taysatianet ST?S OZ“‘%?OB P& OGLPERE S Ploye
to cxlaamle Qlﬁllosdt{eh&omau&l&mléeach gate electrode is only :
P:; é%? &1!1%0] 1C l%erdl%quforénrég 1% {}Q sub tla eclg d%herggtg 'd?g&?ﬁlﬁgeg I18 may consist of
a galyex 0o rfcpatcantplee biertin Mo RNESS LRI NS ttlw@ el s Tp ff st
and Q&&%@'b@m@@ﬁ%@h@ﬁt about 1308, fou Bkaﬂ@lleSuEIhe M lgite fidati¢ Ger is readily

susc'g%@ﬁ%glgs%/%g dlg*ngl eaag gﬁ_y egcg c})Iglocesg rsg%?att a sﬁlgcdlwrf){?ssrﬁg @Art?u’n advantages.
Hovabivé:f etignilicivet gale fgmitdh goseshav pregtrels ff grteeridewor k
fu n&tﬁ!rs&) Hfcon ﬁar})er%b I&%ﬂr@ﬁf&pfﬂ& QQJ]&lé\lectrich@yelsm' IThé B8 silicon layer 20 may be
t hi ckness 1s ]ggaem sely adjusted tq. achieve ce Mot silicon layer
depasited ip o eREVGRHR G lRANNY B RN Péﬁf?f@g PT‘??&“I’(‘?P]%"Q?EBGHRV@F“&H t“" on > Y
is rdni‘uvaﬂﬁﬁebemmclodes)oﬁumOA i exagpipe bt dexrain Mmarmlef@mnbodlments the

tmcﬁj}ég)s of q Vﬁrst Shicor 1con T 1slbe daglll 58 %o ?noﬁtrﬁ§§ £ EdribRNRer Hdrtﬁ:‘ﬂla@)f preferred

m con ctor duri ngoone a?qﬁl o silicid
embadlglerm @@ﬁ]@iﬂ@?sé pf thﬁﬁrlﬁﬁf S&EP‘UFY%QS lﬁﬁs 8@% akou r‘AtﬁeHBV YoHun gate stucide
tlnCErmOQﬂ\@? Eﬁoﬁlel‘ﬁi AR Or 8&e teated \b@ IThllyO filiciddd patet dl@lrddgs, including non-

sem V|ce|S|IIustrated|n Fig.
umffrm‘ ﬁ Sﬂl:fé‘\? loé‘émé:%?ggloﬁl e?ﬁagqgubst rate 10 formed

of sFiki tdnplctsmrsum?ﬂl?gg 1 fellowing shedormation gt jay glels stop lpyer 22 on the first

sﬂmoﬁ‘%& do €QieQR st@;?lafibgﬁb By ﬂé“aﬂ @ﬁ@ﬂa}reﬁ‘ g:lr @ihm];l@ It I \d@sirable to form the etch
subStrate 10 | s

D& ng suc in
stoplayep22;t0 8‘6 gLy gﬁn Sﬁ%b% tabqui\i Oé ff)é e)iam;'}ta su ta e 61 éh%g Rg @otn?.\ %ns h a thi
laye2 of bxtde o xhenod stop\maiaddl mewbe erapheyiad. | E,tmemnp@nan((grplpt}on process at 600 to

1ooaidrl}ﬂagtb%g%d{lo§or&rt&vek&leépeeeeei ation between the P- dOped

he doped region 14 at
| VBRIV oS FaiEPOaP! BTPCH APV OR: ASCHELAIS gy Sy T fomed b
con@dipbrayehdiGiogi¢seatite etchatos hugdr|20WTher eevod silieoo |laapr| Qénnaiy g besyieen about
700]t0 %boﬁf ZQ@fAe 8&%}1}&9 ta[ld ifi cér%%%ﬁlbc;dﬁnénﬁ 1§ %o@@OdAﬂ:hlElh €

lelectric %{ CQI’]? th d

of Hisghtepicsxihel éructﬁr@ r°f Eigafmifie 2 hord %@F Ffr%‘a%h"cﬂs&?ﬂ?ﬂﬁ gn the secon
silidh 14324, lf&mea lbyCHEuung kreps gatben diiceh @@ks 16¢ Ehahyéthe &iBcoh stacks 26 has a hard
mas?((iig)r & ta 1 tleqe u;ger Orti n ?ﬁotbtﬁe sl Cglll-] C}Q&%gt Tﬁ’e Jtcﬁ’nngkafé!ﬁgs S%%l regions 32 in

electric layer is
each efzibi silipomyrstsedét The I@rdt@slaﬁm@ée i %uwgleéﬂaf?éflaﬂudbﬁs gilieopfide, silicon
oxidd. AE.ER SonveRiohdd AfisoRopiibidhing @cRMiq¥6,656h b @active foh @iching, is employed to etch

advant ag wev. a fully suicided gate formation
dovyytp) thg 8° 5%1?9%33@{?% ess the gate oxide. A first silicon

| ay Eollodhgits: HarmiecbE o st a6 efuse/tieinextprsips impigitation process is
perg(-)g'ged id Lrsite s§ﬁr!:e|/£‘é?tpexteﬁ§f§1§ 32 QoRN N8 &%&@Sdn& @dﬂnng ﬂ:cliﬂnques are performed
conventional manner. In certain preferr % dt 'ire
(o POPTHE SR POFDS (1S 1 GPICE {51 E TGy g S ol s of doants.
Fo1roevtr@ttue\¢e4ayontohtha soukhe'ﬂmﬁeﬁteﬁlsmnst W, sdoul spacfm/&é afegreated on the sidewalls of
the s cg{P stac'k %6nbyc%eorﬁ emtl th &:ésII %Ekl ﬁeﬁ’e][pgsfltﬁ)ﬁ 3 q spacer matenal and etching.

Irst silicon
Suhsglumtqmefmn@@ontoéthaaéﬂwﬂ g@eﬁe 36) FrpioBAfearaTiR e implantaﬂ% techniques are

em%l@;reﬁ tocci’ga@ rsd)lﬂceﬂfaﬁlfr@gﬁcfnﬁgh 18 e QUM TRRdiSes afidtRe INDDE demiesSrephctively.
first

n

ol Bt 3 Stk s DS et bR bk e o A paper a0 may boof
anylcehett@dal biotablihdgestremegtigdsubyash idw lydidesirisi aeuidy a‘PeThe dielectric layer 40

el ectrodes, including nonuniformty of silicidation

and gate oxi de reliability. Fig. 2 depicts the

structure of Fig. 1 followngtthe formation of an etch

stop layer 22 on the first silicon |ayer 20. The etch

stop layer 22 may be an oxide |ayer, for exanple. It

is desirable to formthe etch stop layer 22 to be very

thin, such as about 1OA for exanpl e. Any suitable

I T T
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| ayer of oxide or other etch stop material may be

enpl oyed. For exanple, an oxidation process at 600 to
wadsa®4mmy be used to formthe etch stop | ayePCRBS2005/013240

Fol | owi ng the formati on of th et 0
LEVGTRIE gfye?ny ofHiaDje Temodoigey, | suc emaca{) a%or gsrr!]t%:olg gﬁ ), etc. The
mmmmhmmdok@gmesm@mmmhss@tmhﬂgmdpmméy@ﬁm%2ﬁﬁ@%@m%econd

SI | %(flﬁxg%rlaﬁy Gla lgaﬂ‘.kl@%e;big tﬂ@@ Eéﬁﬁﬁﬁbda@(abglctgﬁg ng07 apQuith photoresist 42

in_cert
sk Qe QIR PG U AR E- of PREPE s fomrapty s, o
polyEﬂh@)n etdh plotesy is @erfd)ajied theis kerl a:}eeiﬁve hasxidee @n atieypom¢ ¢telrlsugas a reactive
ion %tclgh fab b < on?lﬂed bult(g éﬁ{aﬁg glglﬂ(E lﬁhleeoa\ﬁ@ EIBRY & tSﬁJ‘ Fd? gxaﬁlE)l@ PAs seen in

con s e silicon stack
Fig. 36th appermporiion 48 nhibk sﬂwn ptaskrR6 d removeh By tisisih Pro6est i BT oo Stops on the

- etchQfop 1)& 28 klihtP Whﬁb@ﬁgﬁvegﬁe s1ﬂ36f§re§fbﬁ2m ng creates silicon

regi ons 3 stacks 26 r
masﬁs sg@j 1 H,Egg Sg grsiélﬁg}alg% s dgxb)[utgd r(r)ﬁlﬁlélc:l?la %at assuﬁ,s ¢om-£{é% fﬁ‘lﬂxg gf space left
by thd dtehing@f the nppecrtioo 8 dicthe silicisle stAck@on \chﬂttq) e gepposmng of the first metal 48,

hov&%wr %ﬁ%te[cg th&la?etr %‘1% ReholeAC WEEIQHceetchss%ﬁ ﬁhyé}QZ isQa Gilélerbr bx@fple, a buffered
I's enpl oyed to etch

ox1d(§|e§;}1 éé)tgrlfqr@eq ta%}oveltée etcrbosrop Mr&a )ﬁﬂ%et(%d§ ﬁ%‘ﬂq Bﬁle 8/]@t e{cﬁ for example, to

remGvel thC@fy hinaek StoR Guyer 22 Sittisue ddnghgiag rhe ewtogndngouewall spacer 36. In certain
emboc'i‘RJerﬂs §t§ﬁe 19%nt@c{no&1&§f§rel e El@trIIlCQarl H?fsl dt:&)sfe(‘l eal ﬁ'uckness of at least 1000A to

ext ensi ons 34. Conventi onal naskin K26,
aSSWFﬂE’gWIﬁH@hﬁﬁ thp pBRSe BREEOYSKY OFYPIRAERY thegPRep PYBYY4S 4t BF 5‘“&‘6?&%?
th eIn%eﬂj @ﬂﬁoﬁﬁl‘ént@lﬂﬂ fiRMREa1de tiaae sl @re@aal dlogthyt whied feacged with silicon,

fon{xshaesﬂgg w1t Work ?unctlon osetto the con%:ﬁt‘i)o otf Islﬁ 0 ’?lﬁ; i.E Qé}ln&{ as being within

draln ex ens ons e wa spacers
+- QL Oértfeawre‘mct@n barideof silighawetior e é\*M@fh devigpy 1% hiz %ltt%t’&m% is tantalum.

Homerct‘ﬁgiﬁ%ﬂlbxﬁg Q(Lt 1ilnBENP L6dRS, buS HENindSde @@PORdtdld WhvseddilicRles are close to
spacer n%ﬁ% and etching. Subsequent to the

meFBWﬁﬁ?Vﬁ Fl?ﬂe si dewal | spacers 36, appropriate
mas Kigrig dewidls thapluete at Fipn folbwhityueenvelrobthe sk fietme 48, performed

by %&ﬁbﬁd&?&&g of i Ira Meth199 ESQ%ngSJnhﬂhet Mc&%rd@%lr&a&d and

dev! CeSC respectivel ﬁ s Tapid thermal apnealing, is
dleF@@WPEém1§?@r]ﬁﬁpﬁﬁ?sﬁﬁéﬁndgﬁdgﬁF%dmg §* pPPEnaF "2 ed’

empléyed @ifehaimt firit cilitideyregionD inayh dzfehe@ﬂ\/[(a?]gevm@rﬂﬁéeﬁtsul@hla femperature range

is e%#l %' %b&e?engfng ngo%ttﬁe t @h@tﬁl‘ (ﬁllmetaﬁéﬂ%p uidd a@thé M Ketal 48 Such processing

oxi The dielectric |ayer 40may
“m@émﬁéﬁé§W@éﬁmEW°%ﬁ?n%h$@56mémﬁetnoa0|OQY, such as
cherh G@logMﬁ Pkesglie pairidd aFigsCMD)6, to @t théldeepnd silicide regions in the PMOS

devg F] - ernlc Z %qdeﬁlc alcletﬁc%ﬁ P}ghS%ﬁ‘qg %ﬁﬁ" me%\iMb? devices 44 are masked and the

cal or exa
PMPS tdhx@(gq; gpqqsyexa@ﬁgd I’Fﬁ‘S%‘FhF‘P@ psop@bre}ngv% He ﬁpgﬁéPqﬂ&ﬂnﬁé af theaghcon stack 26 in

eacﬁj&ﬁhecﬁl\m deRicdsiag as (?euplcleﬂhn\/l?‘fﬁ h phOt OI' esi st 42 masks the

égﬁee%ij'l ]i?% éﬂ% s?%g(b ?‘%(tgl (%egosqed glé{:}‘.nl %er4 an?] within the space
premmbempmdsbmer dpperrpedion ih?ath theslhversspclsm é@tﬂ?% the secend tpRial 52 consists
of MGtglrUr SRt QlR)ly GhaB s a SHGR Rt AwbiRaskhionGhd: @cl®E €the ¢aAdhce band of
sﬂquBr b (Qlller 89%53 [ﬂguvéoglgqgncg%géégezg }C%g asg\élg)#l (5: 2} &tr th%valefx%aq)and of silicon.
Exehi@ﬁf}rmmﬁl& imanin28deafithdntue, Siedivng oncobila ik e)@ﬁlples Othentypeeef njpjerials may
be ?mgllogede aé ﬁ s el}d%eoa? §Z WIEFES d%ﬁlﬁ ﬁ(‘in? B2 s I%Eeﬁhm%ﬁ@ﬂ However, such

erves t e SI |pl con re ?
matgqals g]\gulc}s@gﬁ s1]1qqdep:|wgh a g/orkfqucgctn thas fsplosy e t]ilesvaH% Sand; gaa 1¢0g in order to
achdvd i E&KRe 881 WBR fundSSLTER ClMUHﬂnQﬁg@méﬂt lling of space

lsﬁr iq ]gé 1§,Pa§ éiggr%élate %}ne%lpg Pr8cets£ P peafé) ngegllttc% Porm %g Fe%{mﬁl sﬁ?xde reglons 54 in
the PBICS| devi&:s 4B 0vevible taniperatotegdngs fop g‘le |aw§mg ggmqsgls rsdepipd depending upon

ayer 22 is an oxide, for exanple,
,the\g@gﬁ?@@ Bl R SHAR shay np

red oxide etch is performed to renove the etch
stop layer 22. This etch is & short tinme wet etch, for
exanple, to renove the very thin etch stop | ayer 22
wi t hout damagi ng t he surroundi ng sidewal |l spacer 36.
In certain enbodi nents of the invention, therefore,
the first netal 48 is deposited to a thickness of at

oy 1 A~~~ N a1
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25

assure conplete filling of the space previously
occupi ed by the upper portion 28 of the silicon stack
wQ@gnoshee4ps ef erred enbodi nents, the fi rst nret al PABUSR0:013240

?gtrgl%se%rlggﬁgtc ?‘:’j énael/\tn\lugﬁ g&%sr x\é\age? EB ﬁr% esll %)ch & g1on SB cg'nslt tlﬁ% QP 2 first silicide
havin etor finctivn vdihid +610.28i of the omducTipri twnd of Sdliean ﬁ"éﬁCMQS prsngggnent also has
PMM% EJ%CQS o secg)ngé{h&ée rtzg]cﬁxs %%h’sqsrt b seRAR gih&ﬁe lﬁlwlng £ @Bk fldfion within

evices 44,  one suitabl e met ta
- DB IR O e o 4 G PR A MR rd PMOS
dev‘ﬂa}MJ Hcdre ghes mﬁalmerby rasmblaylsg ffase kintd ofi naheds @rmestat hlipgetotform the metal
3111c1 E‘osn gl%cv:vts :gl%rrl%a e SL 1d$ g’i.l %Jsé %OtQ: I CEIC& to 13910? %@KCﬂl%elttéﬂleexamples and

I'UC ure OWI ng the renova
bet@ﬁ@ﬁ@gto 190As in cgr@@ta}thqu(ampleqf fu@rtlieeée@rggplvgs waw &f th@ygalems associated with

FallPHIRERS Sates, KN af hcfnﬁﬁuf&ﬁlt}'ﬂin stiSiddti®n, raﬁlgatée@dmﬁabhn}t he
di el ectric J t he

CI\/PFlésr 6?: é%ds 8 %}Hc Cﬁﬁaéréiﬁ?pﬁ én %{ggxétg emgodgrll'le(r:l S 09 the Iprese%F}n@f!ntlon In these
emitohiernsthearieheadri hygr 229s evtpiplpgd. t bstadr ﬂFPtSﬁeonf ﬁtftcgt% is recessed by a

cont%’ﬂe@ l)v %r br ?gﬂcﬁﬁ]g égubktgntﬁl@ﬁje‘dugé tht ﬁﬁysmm%&is Gfetﬁe Aﬁloon Aack 26 prior to

sult erature range Is e
stiqgony ;lbglgoﬁ . RO e g I%F‘%gp‘{fg%a 8 S‘f" ?frt (MO gevie i
etci®t & sidhBar ol REOC esacn e Gihinai ftickri$ iarnle RM@S\W@‘U@S 46. In certain
emgr())lgl]lonl%n S O ftheolgv%ht%g r%wg\gl' Itkle tﬂ&&n&&@ of?tl;lé reméﬂin@ﬁl%og gﬂHeSSlllCOI‘l stacks 26 are

to create
cndSy P b TG TR AN (LA BB coRaHE e pases of e
silidideGegiohe thBlQRY f6n8d, dvhich tahﬁxgtrdmkbyu Sh@ptivittes. Whitthmirhe, hivBBk function of
the eeé%:lsécglg bef1r %hu%r ? Clﬁa an em o 1rr¥e|r'1]teth5 Q/% n% eﬁ‘?lo?e’deor different metals

process fem)ves portion
ma®: afplaverk tosfoin the rﬁrsg; taxglcs,ecozg siligidegrggiops 3P: 5I4h @smy - &ip isdgcause the

thickRss GSthdGRoE tr%ﬂ)né RitFéo@itrol tde3phadds oS B€ Biliidtes frha@ are blkimakly formed. For
second neta

RO P B2 5 SRS 150 R Bl e
silidifepe@ch H@lo8ii o o8 trfe devies pibtidedovith seicHemale hmvwewer rqsigivity phase

sﬂlc§<%091@lgasrf§ytsp OR%f GQH@[‘y%fﬂﬁ 1rptﬁ1e &t Qﬁlts@J th@zfnnéﬁﬁﬁ araﬂieie@)’such as time and
forns suicide with a wor

tempgrajure, tp 6ortnhtge grét] @Hé%co%ﬂ]ém%fregﬁnf I @, to Ih?‘ve t{; c"f}alsued 511181de phases and
thedefofe Wil #andtidiC4siadimcadn dflte tiickngsbed of ths s1hmot1 Feigionstgnd thg nRigls sfaployed in

the!flrs? ng%cc?r{?i(fl% agand of silicon. Exen'pl ary material s my
ncl ude ruthenlunl rhenium or cobalt, fo

L SXRIR! £ o be cleart

cx héfthqughdhe PEsenprivetipin has fogR deseibepdolfesateds ingdetall i frgto be clearly
unddBbéd th@2heMatnd QzUby aepar ﬂlhsﬁglofl ragdredatngle 9619 ped ¢f not lpebe taken by way of
mg L gs %hn colpg] c\)/ e present 1nven¥1\ﬁ A Cltn% glﬁlltle%iﬁgl ﬁé {eﬁilgz)é ﬁltt:] gﬂwaane(I QL.

valence band of silicon in order to achleve t he

desired dual work functions of the CMOS arrangenent.

In Fig. 16, an appropriate annealing process is

perfornmed to formthe second suicide regions 54 in the

PMOS devi ces 46. A suitable tenperature range for the

anneal i ng process is sel ected dependi ng upon the netal

form ng the second netal 52.As seen in tig. o, tne

i Ni vi ua aevi ces nave a first suicide region 50

consisting of a first suicide having a work function

within +/- 0.2V of the conduction band of silicon. The

CMOS arrangenent al so has PMOS devices with second

silicide regions that consist of a second suicide

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 devices 44, 46 are thus tunable

by enploying different kinds of netals or netal alloys

to formthe nmetal suicides. This allows the gate

silicide thickness to be reduced to bel ow 50A, in

certain exanples, and betweers 5OA to 100A, in certain

ot her exanpl es, and therefore solves nmany of the

probl ens associated with
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fully suicided gates, such as non-uniformty in
silicidation, and gate oxide reliability. Figs. 17 and

wadodapises certain steps in alternate enbodi nePCEHUSL005/013240
the present invention. In these enbodi nents, the etch

“nébﬁggkgéﬁ% %2 is not enployed. Instead, the silicon

5t ecessed by a controlled wet or dry
etchi ng d-edycet.he polysilicon
th|Ekneségmiugﬁéﬂg§$?%%%a§tacﬁ§56gpr|or to
si | peubgiatei%. In Fig. 17, the PMOS device 46 is masked
an d a bllaﬁhtS} lof NIZOB d&&@@&@)&ﬁat afve bAiee10dEXDs, dau NMOS Giteetectidelincluding a
ﬁrs% SHJCtdF‘] ggar r 9 (%l\xe/essgbesgz?t%ré E)) a]n(ti flrestt I{Cfert]al 'fe@% ng48 én(iﬁ)erhrsst tsfﬁ?!fe rggﬁon (50), the
firsi gilioglatrégom, (50 oy SMOS gree ctléhtr@dk rfensising abf ﬁlfﬁlﬁ élll?léﬁr%‘”ﬁg ﬁg"ork function

witsh b §Woﬂfle<§o£’cﬁxct§)‘nlbhrﬁ%ﬂsﬂ§%ﬁcﬂfcﬁ 26 are carefull y

control | ed t nes ss .of .

o RPRFBBIOY PR EofeSfPUEE £ R PRAGES BF PG GIRR o neudins
sectragilioinsregibral54)an ehe fahstoaso(10)whd ciacopst nitali regiahi (F%) en thasecond silicide region
(542: QRdy %Bd yflcrlcie%égmnb(@él)tog bR Wﬁa{e eletcE]&eWslﬁngLU@ Glsb @Ry Glicide having a

. I n such an enbodi nent,
W0@<ﬁ@0f§aﬂéthﬁﬁé‘{"ﬁlzvr?ﬁ§i‘e baéﬂn%frﬁﬁl"b‘ifé‘&”nor different netals

may be enployed to forn1the first and second silicide

r eg' ons %Qé ?.rra{l% menqsq? &G t l Y l%fel % fl.{SF 'iII‘BeSQL%Hé grlctl&eregmns (50, 54) are

t hi ékness "o i’¢on Teg cont
betyéea glevgt 1fto tbhyves 1004 thickl @nd thefist a@ﬂr Sécqaﬂ mpiAg LNy (4P o hisgbetegh about 900
to BIARTEL thikertain type devices nmay be provided with a
gate el ectrode having a higher resistivity phase
silicide, such as CoSi, and other type devices
pr o¥i ded Tas mnamgapﬁsla@h éotherstieherfiay pilidideg 5Q) giantalum silicide.
resistivity phase silicide, such as CoSi 2. One of

ordinary skill in the art wl et the an e
par &met ert&e arapgepen of ¢laing, 5%@“?% é?ﬂfﬁ?g 8518?8%ﬁ¥?ﬁ%um5ﬂmm&
rhehilu Siliciéend cabelc gkiviiiesi | 1 ci de regi ons 50, 54 to have the
desired silicide phases and therefore work functions
as a function of the thicknesses of the sjl lioid
regibons dRYATARAETRE CAFEMdnPhasge ferond ibci @@tls %ﬂ‘?d’f rutbenium silicide,
rheBi€@ Ginclddm t@hssiliodlet hough the present invention has been
described and illustrated in detail, it is to be
clearly understood that the same is by way
i || @st r ats oathod nffomsingasiual msisl GMAR arra}ngenﬁa% C%ﬂ%g thesieBty
by \f@}x‘ungfsﬂlkdnmebﬁisl (1), ont AR BRpRs OB) toh@rop EAS eladirodes in NMOS device
n P@S |n1te%69nly by the ternms of the
fegé?ﬁsp R EMOS SRR QS NED 1S 1. A dual ot al
cwo@napmmgemn regionpBPSP Adrst slicdghegiond§Q iy thpNMOg device regions (44)

andocla Y Ee@(l)ddtsfﬁm@éc reM)Qx?ﬁﬂé ﬂﬁés (lél?ﬂ:)b retgiaﬂst (4d); aNErirgadiede reg1ons (50) consisting
el ectrodes, each

of g first silicifls (ﬁ(g &fwéprg 3(‘3‘%/?? nc{nﬁ:gt SQ' ?‘g{)f he? (fi:_oltl}?uc 1ongband Pi‘! sﬂlc{)n, and the
sechielt silicide esgion tongidBY obasetdnd SI[wlde(ﬁ"r)SlaYlllH ajeork égctt@n ﬂ(a@@)",lthm +- 0.2V of
ﬂwgpgmgﬁ& Lesilcdd cide region (50) of the NMOS gate
ectro e consisting of a first silicide having a work

function within +/- 0.2V of the conduction band of

si | izcon; TansletRod¥ tlkiml 6, Wierddf théhdpof thanih€siof #gipnst(FAS4) includes:
hav odes ate el ectrode
i ncﬁfg Ll&snc (E(g édteifgec 1clay[§ %n (54) on the
substchiag e (ko) (28110 fam sl sEckeEORl region (52) on the
secQBbsigh 5g| d d%lle@ﬁc ra%I ol tﬁélgate dﬁellk@tns BeRd);si | i ci de

regi on ctrode consi st i
oo ol e Slﬂ%w.s%is O e PR PSR PR oL sflop s o
andxferdbly Gorv alle@ilica répiimel(30). S|I|con 2. The arrangenent of
claim1, wherein the first and second silicide regions
(50, 54) are between about 10 to about | COQOA thick, and
the first and second netal regions (48, 52) are
bet ween about 900
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to about 11 O0OA thick. 3. The arrangenent of claiml1,

wherein the first silicide (50) is tantalumsilicide.
wa2005hev4as r angerment of claim 3, wherein the seRONUS2005/013240

silicide (54) is one of rutheniu I

St Bei doismanspa S 4 e rete B gL A tmed thing
of i silicoR shack @HPwitinn blpstgeendh be $ipeif dposihy pilite (¥ mclpdes: depositing a
ﬁrs{ ul%cgne fa]%plil ’&oz Ionl {Rgl ch glelg ?cnlla}%mlg lfdngjng &n Q[Eh &@h@}:eﬁ (22) on the first silicon

dual net CMOS
layes (?Girge feming acseq?pci piligon gaYFm@f‘)s%né ety BPre¥sE (2) 1apg Bperein the step of
parfiff¥ bt@kﬁlﬁg 1(103%}5 BbhiAhsecbn@iRoh [ab/ﬁ$286 Add)stopifing cartie egphi ts@p layer (22); and
elec device regions (44) and in PMOS
gy %Ft gﬁgQ%5F3 and converting the silicon
regi ons (32) to a first silicide region (50) in the

NI\/O§ devirgemki&al @ Biin éf@rthmmbﬁhn@ cSROMAE thS |vdokaﬂ11d:ﬁon of the first and
regl.

)
IETCNEONRN A TR T Lo,
(50) having a work function within +/- 0.2V of the -
¢ Omiibwt I e B@[ﬂo% o?t:l ?ﬂ "} 'ﬁﬁtﬂ& corﬁﬁ}gm% |a<%0§§1fg%r}gst %{e al @B)qﬁ metal alloy on

reglon consistin a second icid h
the wiipda aiens (320 in the BMQSsdeiipg 1eipns (44 apyl chqd rmtpé (@ re:ﬁeg% alloy on the
siliéda Tﬂ@bdﬁi (33) inl iEOMMOY devIEh egivRd B amdfan@hifigno Gact Wedire inntat @#8) or metal
alloa ewb\g él e tﬂ}uﬁ}m'}%{};o{ﬁ @%' in %EWJS%%l%Q%&?gm t? ﬁl‘m lttfa %‘sygl%ﬁie regions (50) and

ectric

to r¢abBie seenet mptnl@r mbtel (89) pilay ovith (he oficon gesfogy FPXdn fop BMHS é%&? Regions (46) to

ﬂxggﬁgﬂmggpgﬁbgbgg(@gdlelectrlc | ayer (40) on the gate

dielectric layer (18); partially etching the silicon

stacks to renove only an upper portion (28) of the
silicon stacks (26) and thereby formthe silicon
regions (32).8. The nethod ot claim/ , wherein the
step of partially etching is a controlled tined
etching of the silicon stack (26) within an etch step
wherein the step of depositing silicon (20) includes:
depositing a first silicon layer (20) on the gate
dielectric layer (18); formng an etch stop |ayer (22)
on the first silicon layer. (20); and form ng a second
silicon |ayer (28) on the etch stop layer (22), and
wherein the step of partially etching includes:
etching the second silicon |ayer (28) and stopping on
the etch stop layer (22); and renoving the etch stop
| ayer (22). 9. The nethod of claim®6, further
conprising controlling the work function of the first
and second suicicde regions (50, 54) by controlling the
phases of the first and second suicide regions (50,
54). 10. The nethod of claim 7, further conprising
depositing a first netal (48) or netal alloy on the
silicon regions (32) in the NMOS device regions (44)
and a second nmetal (52) or netal alloy on the silicon
regions (32) in the PMOS device regions (46), and
annealing to react the first netal (48) or netal alloy
wth the silicon regions (32) in the NMOS device
regions (44) to formthe first suicide regions (50)
and to react the second netal or nmetal (52) alloy with
the silicon regions (32) in the PMOS device regions
(46) to formthe second suicide regions (54).



