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METHOD FOR | NTEGRATI NGVETALS HAVI NG DI FFERENT WORK
FUNCTI ONS TO FORM CMOS GATES HAVI NG A HI GH K
WO2EDIBLECTRI C AND RELATED STRUCTURE TECHNI CARCTUEL0D/028486
The present invention is generally in the field of
seni condMETHODROR E\E@.GRWG%’%ZTAI&I%Y  DIFRERENE s ent
i nvent i on jYEORK FUNETIONS O FORMEMOSLHA TP HAVIN
conpl enerft BEGHHGATE BELESC TRIGAND RIFATED STRE(BERE
transistors. BACKGROUND ART Gate dielectrics having a
1£Q€$§Q%ﬂ@§g§°tric constant ("high-k") and netal gate
can be utilized by sem conduct or
ITHq.H% &gSEIH rn%gn%orh? énFQl qY ehﬂggoi_ﬂgxﬁit GEERD geglicgsf. More particularly, the
conmp enenfary mefal - oxi de sem conduct or (" CMOS™) :
preset'ltr iR oR bsQh Se fidTh &hébkicﬁ@rt & cghﬁén%ﬁtﬁt@ Ifefal-Sdide s&hﬁ&im&@ﬁt echMos”)
smal | feature size technol ogi es since conventiona
trans@@is€ di el ectrics, such as are too thin and they result
in high tunneling current, as well as other problens.
BACEGROU®D ARTEt @l gate el ectrodes can replace polysilicon
gate el ectrodes, which dimnish NFET and PFET
t r SasidBtedricspevifeorbighdskctduenttant (“higrk e ssmslabgatetelpgtrades can be utilized
hi gh resistance and al so causi ng undesirabl e depl etion
by seppfcordapter] reqnafaciyrers g dmprone dePeréaEmings eerplgshiary detsldde sgmuconductor
and channel . However, NMOS transistors require. a.netal

(“CMPRY Hragpisiert G e HAAGHE SRotPR™ P B CRPOITAGP S25 EPnolehtes

appr Oxi ely 4.1 while P transi rs F.edui
conBRPEP ST it Eet RPN Ty A LR I PABEHELE ot
otherf ble .alg[Ptheg,’ mét Qa[teoe?fécg(?ilggéay reﬁlacl: pglysilic-(l;ﬁ] gﬁ?e ele%@&ﬁieé,: Qﬁ%ﬁlﬂfsh NFET

nutacturers are ch enged to Integrate netals
and BERY itAQis@t SebSmBite ab Korfektiple] RRSg aMsh Bdi@HAcdan@ At rausing undesirable
dielectrics in a fabrication process to effectively
depleihbremBertlat@le iMBiaad betMnGa@ aidleRHEOBd gates . Hdwaved, NMOS transistors require
conventional fabrication process for CMOS transistors
a metadl galeielebtroge meinah work fractoh eft for exdmple.apmoAimayiy 41 ¢gawkile PMOS transistors
dielectrics, a first netal layer having a suitable
requiggrThetdl gaiecdldoierle heyingafighavmakdupciongh &t sxagalecrproEmaely p4l €V. Thus,

| N . i . . )
semiﬂ)g eé)f 1?1%)& arsti}rgﬁls gq%ﬂ?%?n%%go gwgét% llmgé]ts %%Vgnggl%fgggty v%rl?ﬁlllcltigns and high-k
.em condyctor. die sybstrate. .Sin f
L R
H\]/&J éoﬁi?‘e%ti&?ltf?olriceltig%lggceyw&lﬂddﬂan@s@or&ﬂi‘li&i%&d %Qe él&:’&gﬁes and high-k

gate electro Al'so, current high-k dielectric
gate S8Rk L 1R mPhIA58SRASy 4 MiRIbR Mol Yur AdhTE: 28 NM @ kzate and a gate dielectric
concentration of negative charge to formin the high-k
layer@bi@prREak b high-k diyledtrid ae thi@IPNESitdegiraMOMH BRHOSatstasofaremiconductor
undesirable shift in gate threshold voltage and
die satsigatea chaatce g eibtragles for VIO $rpid PMQiSygates require different work functions, the first

metal layer would not be suitable to form PMOS gate electrodes. Also, current high-k dielectric deposition
processes typically cause a high concentration of negative charge to form in the high-k dielectric layer in the
PMOS region, which causes an undesirable shift in gate threshold voltage and degradation of carrier mobility.
Thus, in a conventional process, different metal layers must be provided in the NMOS and PMOS regions to
form respective NMOS and PMOS gate electrodes.

Thus, in the conventional fabrication process, portions of the first metal layer situated in the PMOS

_ region of the substrate are removed and a second metal layer having a work function for the PMOS gates is
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Thus, in a conventional process, different netal
| ayers nust be provided in the NMOS and PMOS regi ons

W 2005048320 especti ve NMOS and PMOS gat e el ect r OPEEUS2004/028486
Thus, in the conventional fabrication process,

depogitsdl byeothe gatef digldsicildyerdn theYQS repigy ekhus the geprentionahprodsss ffgbeicating
regi on of the substrate are renoved and a second net al

dual glpleMihgpten disassgbrbrveritERTPBTPrIoET hatTeauprISPoghtesdit gietal layer over
-1-deposited ogver the gate dielectri.c |ayer in t .

NM%?@%P&Q@ Fgtons @fﬁa%b,stf%@%eﬂweﬁwso@‘ﬁ bt Blerpgpé Aos regon,and
f.abricatjn ual. CMOS gat es di scussed above is a

dqmﬁ%ﬁﬁf%ﬁ?im%?g%%§%£$ﬁ§bsF’ﬁﬁires depositing a first

nEt'I%LS., Jhé?}é(%% n e\ﬂ?r[ thi\%zﬁrt ﬂgg?cﬁ)\%%ﬂl%g g)k {B@?rg@fegrt@o Iﬁ&giﬁea('i%%%ferent

removing portions Irst nmeta In t

work e3R8 to fERAASRABENMDE Fatd h?&@rfgqm%hﬂgﬁté‘hielle@Y@ rin the
PMOS region. Thus, there is a need in the art for an
effective nmethod for integrating two netal s having
di fferent work functions to formdual netal CMOS gates
havi ng a hi gh-k gate di el 8@MARY SUMMARY The present
invention is directed to nethod for integrating netals
haviheppesditfifventiomis dinestei tof ropthod fop integtadngfoestath hayaRGliffpapmigork functions to

havi ng a high-k gate dielectric and related structure.
form MO Satss aing p Rigleh gatotielestig pridgelared sipgiure-cHi5 Piresat ipYatiog @desses and

inthe art for an_effecti method for integrating t .
rsol PR TP U PR e e B g port ontions
nme ates having a high-k gate dielectric.
to fo c%:u%frndﬂl alng Ogg(a)tﬁszla‘ém anhﬁglél?g)?gélge%%?'nent, a nethod for

i ntA%&MHiQ 8 gne%xefnilp'iﬁ} en%&iﬁgnt,la%éﬁxﬁd ﬁpxqteﬁatﬁ@ G ﬁﬁgmaﬁfla%r and a second
| ayer on a substrate to forma dual netal NMOS and

metaPMeDorat R RO 6T al el 1009 ind PETBShik: i biebrides disi€ EGtoking a
| ayer over an NMOS and a PMOS region of the substrate.
dieledfi€laghc eleLmNMOS hrdy@MOSasgidaef thé abstenaip delectiiafapérum be, for example,
oxi de, zirconium oxide, zirconiumsilicate, or hafnium
hafnigmiogide, zifthgumretifroirchniwrh fikigate oo hafiins exided d pogéthoddiggtherigemprises
first metal |ayer over the dielectric |layer. The first
depopifingzhe firg yatal leygioverehe dighietris Jexsrp e fivyl et Ledis] cag pe £ pijapple: hafnium,
. or tantalum_ The thod further conprises depositi
Zircopig & ERGier %ﬁ%ﬁthoggv@?f SRR SRS R I&?tﬁfi’%@weﬁﬂ%ﬁéﬁ metal

layerts) r%ﬁé) sggﬁgﬁ%t%%yleraﬁ Ige é))‘lzagﬁlbn? glflgsheﬁ,trjicﬂéi rqgl 6u311%‘_11181}s‘1{f§r263(ar9pile(? kI%!a tnethod

r for e net
' LT I, i ' S region of
R L el B R EEn,  embod ment

th Q&cE@Jiﬁhqg thfsWekd Ry SBONRES R neABY Bfilick BGhpasek 'an$e_Irting a first portion of
portion of the first nmetal |layer to a netal oxide

the fhrsByel 1gado £noMekiit Rgr adsesafitr gaedohd gitiodfof hiBrsifrhefabtayer to a metal
metal layer to a nmetal nitride layer. A

nitridgilaybr- tAchighemaperatues agmealéadtilired taronveit e dirst porigooeibe firstmipgal layer into the
first portion of the first metal |layer into the

metal oxide layer and to complete conversion of the second portion of the first metal layer into the metal

nitride layer. The method can further comprise implanting a P type dopant in the PMOS region of the

substrate. The method further comprises forming the NMOS and the PMOS gate, where the NMOS gate

comprises a segment of the metal nitride layer and the PMOS gate comprises a segment of the metal oxide

layer. A gate electrode of the PMOS gate can be a segment of the second metal layer and a gate electrode of

the NMOS gate can be the segment of the metal nitride layer. In one embodiment, the invention is a CMOS
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netal oxide layer and to conpl ete conversion of the
second portion of the first netal layer into the netal
woRaosioess20 ayer. The met hod can further conpri SBCT/US2004/028486
implanting a P type dopant in the PMOS region of the
devics frbstated beutilizihethnabp yeotiscssadmpedipd. b fepies ant afvgitpggs ¢fis present
~ NMOS and the PMOS gate, where the NMJS gate conpr.ises ,
invengjors il hgeaie wpre tedly gpratept th hpseiofudipasy sl in (e arf #fer jeyipyinghs Lllowing
.conpri ses segnent of the netal oxide |layer. A gate
d““@?@%??%ﬂﬁmg‘”?ﬁ@mﬁﬁﬁgwﬂﬁTe can be a segnent of the
second netal layer and a gate el ectrode of the NMOS
gate can be the segnment of the netal nitride layer. In

one enbodi nent, pfhe HRVEMIARE $HRADRMIENGE- devi ce
fabricated by utiTizing the above-di scussed nethod.

a h%[lre f gal Aot @&Qs@ﬁ’dl@& B98Pl methbiBstdpt RE@MAg tb B¥ERbbEKent of the
wi | I” beconme nore readily apparent to those of ordinary

'pwﬁﬁﬁmkmmhn the art after reviewi ng the follow ng

detai |l ed description and acconpanyi ng draw ngs. BRI EF
DES(ghie PA lilmhiralek-a drbiis-seoRAMY WSS Ripgtivneof 4 wifer raockdshaedoeditg to an
corresponding to exenplary method steps according to
embaginenteofiihe thiventior; canfsppifingyyy eeamstens altbgflovehit iFfigg & 2A
illustrates a cross-sectional viewof a portion of a
wafFigare 8B Jlamton oras SRR O 2 Avrienrh  WriFeRIcessd apqqeting to an
i.nvention, -corresponding ta certajn.steps of the
embog RS 4 (Vo O PR Ceerlp s o ety e
CrQss- onal Vi .of Lt
ccoBrsRa R e B AR bicth ) el ARG 254
embdaeh &P B RYinAh, L&re%@ﬁcﬁ@'t@ceﬁ&iﬁ RSps ©f thd MFchakiVBRAS T, TN
Figure 1. Figure 2C illustrates a cross-sectional view
of FauRODLNGRh cross\Wertiifal PO H&ach de 6atkittrdtgsséddc@rting to an
enbodi nent of the invention, corresponding to certain
embd@iinepisof OF invdéneord, tapraphatitg to certéin geps ef the flowicigetieFigm: 1.
illustrates a cross-sectional view of a portion of a
wafBgurgREchetaed crsscortidiahgew of apartientf@diafrepipceespd qoprading to an
i nvention, corresponding to certain steps of the
embadjrpppica Be fvengorFayigiPanding ty gppfpia steps of thy fipschaziniisue 1.
cross-sectional view of a portion of a wafer processed
according to an enbodi rent of the invention,

correspondin ﬂéiﬁfﬁ*ﬁ%ﬁﬁﬁﬁﬁﬁﬁg fraeRvELpRhart in

g
Fi gure . DETAI'TED DESCRIPIT ON THE 1TNVENTI ON The

pl‘ %@ﬁgseﬁt Iﬂl\(’%t)ﬁ 9 @iréct%d E{:!n{eﬁﬁ& ﬁ@'m&&mﬂﬁ%ﬁg hgﬂfg different work functions to
integrating netals having different work functions to

form RIS LVRvidal Beh- D@ dtfbc@ic Mdghlatkd sgadue. dTme kB6#ihg Ges@iptbn contains
rel ated structure. The foll ow ng description contains
specifiPR@khdtion perhifingia tHe Giplgenhtidinf the preonttidventionpdresiiddat et will
of the present invention. One skilled in the art wll
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.

The drawings in the present application and their accompanying detailed description are directed to
merely exemplary embodiments of the invention. To maintain brevity, other embodiments of the present
invention are not specifically described in the present application and are not specifically illustrated by the

present drawings.
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recogni ze that the present invention may be
i npl emented in a manner different fromthat
wg@p@sioisse@l |y di scussed in the present appli cap€DnS2004/028486
Mor eover, sonme of the specific details of the
i niTenpiksont invensiomistolvss sprersesdel offeptivalidaeersiive differcwmsieLpers on a
the invention. The drawings_in the present application
R G Bt anGirng sgd’éﬁgafs e dkori

directed to

s vl B Fishin T Y P B BORP] hG1 &Y PERBGaPE LPy o e
selec?%e ntn.ﬁ) en 1mé1£mt a V%%%—'te‘r)nne rilree a{l]n%Ell areaglczeg o%ﬂ‘l,r the g‘?{%&l r{)aﬂgproperty of

sen Fe not specl

respéc J%%B@%P&QM L 0% REER %941 m%mm@%d plv?e;sgt}@s BB B SO selective

ntion |nvo ves a process for effectively
charéerbtaﬁ&fréqﬂxﬂ]ﬁlt dudii&r6 BHIanE@'?cthﬁke Hh aAYRIOS g8 diglesithatr ate of a
sem conductor die to formdual metal NMOS and PMOS
gatrgsreN avdwl @ flawdhhrfilluskatihg bifexehinghr@ b thddCaccofsBngb 4d entb6diment of the
di scussed in detail below, the present invention
prese@Cifiveetioa s Carninidamnit\aad fear@egiredesdefidueofdloychart L §0rtit are apparent to a person
sel ective nitrogen inplant and a hi gh-tenperature
of ordingeskill in the anyt ok ¢xample, tagtepingyeqonsishel oL stistsps %imﬁy involve
erty of respective portions of a netal |ayer

speciihy EiigiE: 81 mAFEEIaI KOS PR 1§ hegehalng ndicdetip H‘a”cha“ 100 are

| ect h bal t
i S A PRl LB g e
steps]('hﬁsérent omath Se s %II;] %:t#tﬁwcémt H&)t [T tlJlOE aeor eﬁsf&:gl ?n %tvvp %qlowchart 100

0 an e ent ention
are p?t?cfutnéf Jﬂ a%ﬁe@ lWlléh ancq tJ s@e@tl% ﬁéluh@\é @ubgﬁa%rha‘luﬁg & [@HSS r@élon and a PMOS
wchart 100 that are apparent to a person of
regigl di nary skill in the art. For exanple, a step may
consi st of one or nore substeps or may invol ve
S p evdrélvér Zsa et e 25 ) DEN 2540256 Ml 278 iaFigyresa,, K @G0, mdt2Rdllustrate the
art. Steps 150 through 158 indicated in flowhart 100
resulgef@er§uhifg, oh esituctie, stkbge# sepsoninetoralishineliidiner it sulyfrate ﬁ@ussed above, steps
present invention, other enbodi nents of the inventi

150, ﬁ%&liﬁt }56i 32é15§t°é§@”069r“f OB respRoti Yoo Pt FiRe: gtwem 2 shows the sructue

flowchart 10 noted that the
discugtid Vs Herreng T 00T 262 et e A S Qg esong o sep 15
struc ure Zﬁlﬁ/ﬁg g sltr(l)lcr;ture 952 agterghejlgf?g%sm%&lsééd %%l\?g‘d §ou1181§11§ rate having

reover, structures

2 5 efegég Pov@t@ lete 1?56% F1§H9éjl %@ gtrdcﬂre@s@fﬂ "P%re%& at gt% 158 & flo%ehart 100,

ustrate the result of perform ng, on a

dleles;thé 146 Y4 met A UGEY 206 a TR a6 DOBLEE REuchtiaBy deb&t@edUuslérMNIMES region 210
substrate di scussed above, steps 150, 152, 154, 156,

and BVIOS :BiSn DD of dubsneth 200t SlHBate 202 sB0Inprise Nytype Baped gcanianl B3OS region
structure 250 shows the structure di scussed above

212 afl tarcopprze B yp¢ drgedssiliopn il SOIOSgegian@i Qi r BieRGHc bypoRR¢ can comprise a
structure 250 after the processing of step 152,

dielegiti¢ bpying p biglpdielecyis soustanit(highk delsctd s, S%’P@l?affﬁmoxﬁ%edaé@wde

of step 154, and so forth.
zirconium sﬂlcart)e, or hafnium oxide, and may be deposited over substrate 202 utilizing a chemical vapor

deposition (“CVD”) process or other appropriate processes. By way of example, dielectric layer 204 can have
a thickness less than 30.0 Angstroms.
Metal layer 206 can comprise hafnium, zirconium, or tantalum and can be deposited over dielectric

layer 204 by CVD process or physical vapor deposition (“PVD”) process or other appropriate processes.
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Referring now to step 150 in Figure 1 and structure
250 in Figure 2A, at step 150 of flowchart 100,
walb@seessed c | ayer 204, nmetal [ayer 206, and nep@l/UBZy€028486
208 are sequentially deposited over NMOS region 210
Metablargr P06 ar vesgf fretion of approxaupsdt 4 latVe whihpls a %Eﬂerwléfu%@ for an NMOS
can conprise N tﬁpe doped siljicon in PMOS region 21

tranSIatﬁwat?a ﬁy EheS ereagle pugta) Béer a%cé'ahag? # {hecgss Oﬁb%WHP@éiHBﬁly 300

| t di tr
Angsﬁcg{}si Gl apirc%_}%a{? yc}f)éé(? é.%gtstmnts %/Igtra%'lg%yer r(zaxﬁo%@?]ns& platmur% tungsten cobalt,
mcke‘l:l or IH%CI‘I:II{IIII %n n E?e %osf;f1 % obeﬁ I‘n?éa].l‘i %B g? CV]% Foge%pérwggﬁ%cgsg or other

Zi'rconi urh SI I Ca m oxI de,

approgg&g ?r'o%?sgs QXeh 1a§é1J E@tﬂa@é \gorlgglgctﬂdﬁ 614 abgrb)[ﬁgatéy 2 h@‘mvs%ﬁh is a desirable

eposition ("CV process or other appropriate
work%@ﬁ%ﬁ%&%?M(ﬁMraM%r ete. %Wbﬁxmﬂﬂeﬁﬁx@c@lﬂé&b@% 2 Bhve d GAckBasgreater
have a thickness |ess than 30.0 Angstrons. Metal |ayer
than RI00 A@ftroSQ NP bheStbumhdit, b Myer af gobyoiystallifle sitont(&iatyd) (bst@Ral in any of the
can be deposited over dielectric |ayer 204 by CVD
figur@) @6 esdpositeduivyrsicghlayey 230 in sdepobodinah te'149Yf polpis Hdwps goped in
or other appropriate processes. -4-Mtal |ayer 206 has
NMQ$ rogiqni2 19 enddttyns donst indByEISongiongtl &| B ome embadjmengqilaypr Of gll%fle (not shown
desirabl e work function for _an NMOS transi stor
in angg,f tk}%ggur@q) c%ﬁc&n@ overageta] la:feé%r Refgyging.tg Highue 24, the result of step 150 of

of betvvee pproxi mately 30.0 Angstrons and
ﬂowcgffbfo@ F?f‘&}’yfﬁﬁmf? ;\ﬁgstroms. Metal |ayer 208 can

tmﬁlg ﬂa‘f"s'i can %h&ng%desﬁuct& bt F1gu[;]éﬁ>kFt| e%%z of fowchart 100,

rut eni um eposited over neta yer

mask®¥4 SY2 &91%%5% iMP) B sQG8RS208T MALNRE cARERRY ﬂh@ltm%mst or other
processes. Met al %ayer 208 has a work function of

appropRRE AXtbriiBis&hdivnin the &Y, M2 1015 foSned ol Sief BNIOSreol K12, leaving NMOS
function for a PMOS transi stor gate. By way of

regio® 2 BNjpineskedrdNest] sele@iyenitr@OBinpant 2M&is eréormdal ogd MNDERS rggiere1r In the
than 100.0 Angstroms. In one enbodi nent, a |ayer of

presepiGimpodipait, ajtlogan émdnt 21@md(ustfyk§pgh tyat (uﬁqgen 5 h@qqulmmalﬁlyeddlp metal layer
the fi-gures) can be deposited over netal |ayer 208.

206 vsfalé aasef»&fbrav&hérrﬁal lasteh%ogi éw%“&fof %?gyn Pplang Ztl?/ﬁéo‘ﬁﬁ‘ﬁét&f“ Offﬂtfogen

1mpla]nﬁ met a&q}fﬁ?{%%gf tganl aé: antraii(a)(gl og 1118?%% N[ﬁgfteg %ﬁrgtal lzj(er 208. Referring
to F1% B, Ei esult of steg)ult5§§€__ﬂog/%rttf 1§ 81{1 gd 9§ys tlf® ?ﬁl | ayer

errin I gure e result of step 150 of

fl @\Aﬁﬂ%g 154 th gk Eﬁtsﬁﬁ’cu}i‘é/zﬁﬁr[ 1IGkASCE a2RP 154 of flowchart 100,
Cont 1 nui ng Wi th step 152 in Figure 1 and structure 252

maski2N4 FEhr@ioh& 28, PMIDS 184i@i1211 o a®fghfidnPwadiRrahned @ herformsKeo 2ok metal nitride
is formed over PMOS region 212 of substrate 202. Mask

layer 2 18lin CBAOOgIET 418 endpleat odde $ays 220 Phtdsaegiqp?. Apusk atdenay be removed
material as known in the art. Mask 214 is fornmed only

by, fayeemplRMIBzinggsiloma adr ohaapireryaiVE s keqindnthearg As a result of
unmasked. Next, selective nitrogen inplant 216 is )

perfopfaing Gp eltieBREIIANITE, p 8HOYPT Pete 1P 0P Fiatps 18 ARIRS region 210 is

e SR AL 900 LB AL 218, 229, UL SUh, LD con s
the present application) and a portion of metal layer 206 situated in PMOS region 212 is converted into metal
oxide to form metal oxide layer 220 (also referred to as an “oxide converted” portion in the present
application). The metal nitride layer 218 provides an appropriate work function for NMOS transistor gates. A

segment of metal oxide layer 220 will be utilized to form a PMOS gate dielectric stack in a subsequent process
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206 whil e passing through netal |ayer 208. As a result
of nitrogen inplant 216, a concentration of nitrogen

wo ppsasgsed in netal |ayer 206 is higher than aPCT/US2004/028486
concentration of nitrogen inplanted in netal |ayer

step.208. Referring to Figure 2B, the result of step 152 of
flowchart 100 is |IIustrated by structure 25

Contien e PRItGRIOf Met@daypr 206w PMOSEpRn2d2 i coppygrted tnf%&% predesigring the
, Fi C, at. st
ieh @i YR g AL LGB RS SN gonﬁ@rs%fnfoga?%ief%f (e e

high- %n fl e JI’C anneaH el%isgﬁe%%dpgs1 {)xt ci%r Fr)%g%* a@ Iﬁ%ﬁeth %%ﬁf%s]@atédr}n PMOS

regloB %9% gmor&grang 1%% n%gaﬂox@yw&:ﬁ is a%EE‘R%ﬁQ ,an reJuR rwh@%@l"ﬂi’b@ gate is formed

rzing a sma etch or other appropriate etch as
in Pl\}f@s)ﬁé@oﬂ A2 ﬁrhaesuﬁé&uent'ﬁ@c@s Jie@ Sl 1a9dr 2088 Bk PYOB BRe electrode in the
hi gh-tenperature anneal, a portion of netal |ayer 206
PMOB ghtil it Bfiririgo MM, @@ ir@t ot 3p 158 o€ MR 100l isiilfkiEntedBY Situcture 254.
nitride to formnetal nitride |layer 218 (also referred
t 0 Castinaging wittt steipd 86 io Hizwe A @i truqoume 256 dmFigune 2Th et spp é¥arf flowchart 100,
application) and a portion of nmetal |ayer 206 situated
maskj 232 P{ADEedr e N0 Dregion Z10ebryhsirate &QP- Similer e 216 xiaghe?22 efin comprise
formnmetal oxide |ayer 220 %}Iso referred to as an
photoresis @@ther&ﬁm@rrrla@@ateﬁ% R B i Fhe e eMpk g i formsdiprly @y QS region

i G P b
PM&%«%gwngI n Se ecé‘\)é%ﬁatr%znglal\{&ng imy i‘k&l | Il %Qio{ga?lt sfuéH a';naxgoxP Mer

elec su seqgue ocess step.
appré%gtg d(;ptl‘lﬁ 1s@1951£ﬂtéaQn Bgtal %tiéillayel' 2 100 Pl‘g@@re!gl@n ﬁm tﬁee;gésgr@ mgélaaon a
I's converted into netal oxide during the
baladdédHRarbSHREEAI WY SilRAR SRk tive CikEse PAlEricing Anglint 778 kdihrdd@dé @ appropriate
206 is effectively converted into a dielectric. Thus,
positive ehatye kv iheedipadedbydr 20 anaalizeakgagveshirfran siomipe™é layen P20andla portion
property of a portion of netal |ayer 206 situated in
of digRITIS laye GPositudDin BMoﬁmipe 23 rz?g a 'rqsuli, the preggntripverijon e@&'ﬁ@@eously
which is a dielectric. result, when a PMXS g
prevgnis ap gidprareple ﬁhrem&sohtaé@?héwné &@eﬁlrﬁbl%\cagﬁb@%l&%ﬁiﬁﬁfaﬁaﬁla%’é§§“bsequenﬂy
ste netal |ayer 208 bec ate el ectrode
g SRR Gy RGP POIRP a%t%@’é%w ReTPREtTE el Sice e
220 aélé ﬁlelec(]%céll?}iern 2u()|f4|ngvif;v|h {qg:]t% F‘l Qrg Zfigﬂéel rleuffl ?_tts{eg of lﬁ %Iar[ fb%tisqﬁlﬁtrated by
Stmc&;erzggt ure 256 in Figure 2D at st ep 156 of flowchart
00, mask 222 is fornmed over NMOS region 210 of
S Ul hifnaih@witDep 158 MiFlgale 1Rl siidhlte 2584n FigREIE, &2%p CBIVF flowchart 100,
conpri se photoresist or other appropriate nmaterial as '
maskkon® WhenioRedt ot NMIVIOS rebﬁﬁklOZ:Es?lbstﬁte bax: megnomdlthat oueire PIYESilso referred to
regi on 210, |eaving PMOS region 212 unmasked. Next,
as a ‘CBI Qfctriange’ G e greseiabriingion gMaskBl2amry bp@zpoyed inpesirhilgy mrengerjapmask 214
PMOS region 212. In selective char 9e bal anci ng i

| ant
discupspdiaboge. Plexty MO8 6@ PA6 284 RYOBes P8 ik Iogpeddr NS region 210 and PMOS
_appropriate dopant IS lanted in neta )
i35 FRPesnes N GHe Sb2an T TRHOY 5P BEe HULETBHFEA0s, metal

nitride layer 218, and dielectric layer 204 situated in NMOS region 210 in a manner known in the art.

Similarly, PMOS gate 228 can be formed by patterning and etching metal layer 208, metal oxide layer 220,
and dielectric layer 204 situated in PMOS region 212.

NMOS gate 226 includes gate electrode stack 230, which comprises segment 232 of metal layer 208
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bal anced charge is achieved by utilizing selective
char ge- bal anci ng i nplant 224 to introduce an
wWa@pEsogm3e@t e positive charge into nmetal oxi de PEER2082W®R8486
to neutralize negative charge in netal oxide |ayer 220
and seguebnte23pofimietabritridd laxti @13ewilrigee fielgaric. Pigeh comprisessegneniP3PRAISIectric
egion 212. As a result, the present invention
1ayeraa‘8 e wefk Hugioy Ob&a@\?@ﬁf@e Haek a%?&é SMOSisrie 2347 ddgrmiped by portion 234 of

vol tage shift and undesirabl e car

ek oot b ik 25%%“5’3%‘%"5680@61% s

DB AEIH SB35 R B L ASE PRl v
Whlc%%)om\xgﬁg Ie?&n(%r_lb%g o% 86t$ llag'&r 268 %B a%raglegtﬁcsét’elck ZM wﬁ&lﬁo@mﬁé@s s@ément 242

is illustrated by structure
of méA GL&&We{‘ﬁo W d'sBenRh©R4 Jﬁﬁelécﬁc ?Q 4b£ The RO ﬁfnt:t[oH o d4leR1cABAe 238 of
In Figure 2E, at step 158 of flowchart 100, nask 222
PMOSSath 8780V &erhihBy MMSayeeBis O ot on®bdiSiehiSPVIas gate?fR canlificlude a gate
is noted that structure 258 is also referred to as a
electrofENi3k Sintptidigleitieet a poly Iajee ofarsdsi@antayea pjphtedoavtt segmentiVi38 lf i@&PPlayer 208.
may be renoved in a simlar manner as mask 214
It is whted thasiteaheladndnAEYIONeatd 226 RIS Qfagats 22D@e sian Pmeéﬁﬁ@rﬁé%ﬁ brevity,
are formed in NMOS region 210 and PMOS reglon 212
NMQSgegarci! P gudFYIOSNmang 2@%&3@ inglags cclarie HELE OF NYES|ggfes and PMOS gates,

atterning and etchi t al 08, trid
L

r ﬁ/&&gcutsseg %)2@ g‘ %Iég s]gzlgctr}ﬁé; m@?ﬂ?n and c rl]oglﬁrazg I;]rglla%[s, %e present
inverlagﬁ ?dlvang 84 le %&gves Irﬁétal deeanll ﬁlVI@g Ea?ﬁ% Qavn%%prgﬂrﬁ!e %;krfﬁnguons and

Situated 1 n PMOS regi on gat e

highk @5%«13 6658 O &1isBls8A b 6 B ft & b 88detive o g Sikhe & QB h&8S an NMOS
segnment 232 of netal Iayer 208 -6-and segnent 234 of

regiof®f Bdubstrhtt, la ihigR tehmpyrertire AdnBal isailized togatadtagtb@lyeoiveit € portidaiof inetal layer
conpri ses segnment 236 of dielectric |ayer 204. The

206 iwo 12 kayérofoetal oitridef whirhtisutifited ot caydhinatin itk a £B0ent pf iiiADBy e 38 to form
226 is determ ned by portion 234 of netal nitride

an NMg§ @pte dlggodelsigcly t%@mg%wwt%ﬂ%al is gla wiliged 6 fisyigred %bp‘afele convert a

230 can c rise elther o lLayer or a silicj
pornpra%f é}eta]sl?)’f’{?gg &Hb aole)@f o g@& is 117;‘?8 tnaﬂompg%;lg? w%lb%segment of

dielegt%%¥e? 2642 12 réng ?rfél\ﬁiik %%&1%% c sftacﬁ(r %ﬁ%&gn %bn a S(ﬁ) ugﬁ]ztes a selective
char, b@larﬁﬁ% tst:b ﬁ%al&é Qxces\é\{% I%Eat&@gﬁg{gé ﬁ@&’m%@ Gielegtﬂczstéaﬂ i.e. gate

ayer 220 and Segnent 244 of dielectric

dielebtBY &lck mem@va\‘iﬁé%usﬁ}w?&/ﬁdtﬁﬁd&ﬂabg&%t@ tHeds R VoR&e sI2B ShdQ@frrier

PMOS gate 228 is determined by netal [ayer 208. In
mobi@iyledradensa atthd O S gatdRME gat e 228 can include a gate

el ectrode stack conprising either a poly |ayer or a

Si lAdditichelly, bywitizigg heate tetaayprs.S egmhlay 2386 arfd 208 tiwdn NMOS region

| ayer 208. It is noted that although only NMOS gate
and PN gl orPNDSDEfesteethopgsepinyensinmidaniageonslyiphigves ar gffective integration of
__preserve brevit NMOS re |on 210 and PMOS region 212
differepfmefahlayeteies- laetfliarya tg pehigrstyal gaefab SMOR - e pYARS and PMOS,

gatesg %} c%ﬁt’rast, in a conventional dual metal CMOS gate fabrication process, dual metal CMOS gates are

fabricated in a process requiring separate deposition of gate metal in NMOS and PMOS regions, which is
difficult to implement effectively.

From the above description of exemplary embodiments of the invention it is manifest that various
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respectively. Referring to Figure 2E, the result of
step 158 of flowchart 100 is illustrated by structure
wWQ2®5/04832@li scussed above, by utilizing sel ectiRET/US2004/028486
nitrogen and charge-bal anci ng i nplants, the present )
technignes@mt tiemsed & waphinmptns ths lcgocentsiol g prgsepfiinventionp pighouhdopaging Aigm its
PMOS gat es having appropriate work functions and .
scopen iMgtroker il thelingnBen has feen depcaibeg vdth geegifig refoprgerdo cogipip gpbagiments, a
sel ective_nitrogen_ inplant i erformed in an N o
persop ORI b SO Eoeapent e B e R o vitou
O B L e Sl
Ut il [ i ' i 1. t ion i
consifsd i B pec Tl SRMRY BRL AP oMl Bt AR e Blac R bac i@ Enion
not 111%%&1*15 {hggﬂ&lﬁﬁlt &Erﬁplﬁﬁ&ﬁﬁhhnbﬁs @bcBiBedbkededn! €M capatie &F |nfa§)l&§§ﬁﬂgements,
above, to convert a portion of nmetal layer 206 into a
modifi@M&Hs, a8d subRfuBbns QxthddSdepadiig@dImitige stdpk bi tReifivehddncoMbi nat i on
with a segnent of dielectric ayer 204 to forma PMOS
gatrRuscthetloe Gdr inite@ragitpantkals hivig qhifeemewndrk funariemstte form EMES gates having a
utilizes a selective charge-balancing inplant to
high-k gait diel¢ciric @ndorlgtedsiugrere havg beeh descrbbar ge in a PMOS gat e
dielectric stack, i.e. gate dielectric stack 240,
whi ch advant ageously prevents undesirable gate
threshold voltage shift and carrier nobility
degradation in the PMOS gate stack. Additionally, by
utilizing the sane netal layers, i.e. netal |ayers 206
and 208, in an NMOS region and a PMOS region of a
substrate, the present invention advantageously
achi eves an effective integration of different netal
| ayers, i.e. nmetal layers 206 and 208, to achi eve dua
metal CMOS, i.e. NMOS and PMOS, gates. In contrast, in
a conventional dual nmetal CMOS gate fabrication
process, dual netal CMOS gates are fabricated in a
process requiring separate deposition of gate netal in
NMOS and PMOS regions, which is difficult to inplenent
effectively. Fromthe above description of exenplary
enbodi nents of the invention it is manifest that
various -7-techni ques can be used for inplenenting the
concepts of the present invention w thout departing
fromits scope. Mdreover, while the invention has been
described with specific reference to certain
enbodi nents, a person of ordinary skill in the art
woul d recogni ze that changes could be nade in form and
detail without departing fromthe spirit and the scope
of the invention. The described exenpl ary enbodi nents
are to be considered in all respects as illustrative
and not restrictive. It should al so be understood that
the invention is not limted to the particul ar
exenpl ary enbodi nents descri bed herein, but is capable
of many rearrangenents, nodifications, and
substitutions without departing fromthe scope of the
i nvention.
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Thus, nethod for integrating netals having different
wor k functions to form CMOS gates having a high-k gate
waele@smesseé ¢ and rel ated structure have been  PCT/US2004/028486
descri bed. CLAIMS . A net hod conprising steps of:
depositing (150) a di el ect¢liidMSayer (204) over an NMOS
glon (210) and a PMOS region (212) of a substrate
depsdop compgsipaseI ofa first metal |ayer (206) over

?ﬁl %ﬁg{ﬁﬂegleﬂé%‘ (Iiléﬁlfrg Yfrég 04\/) Ifang\gr\?(gsa ntin ]’0§152 %&%rﬁgl& (912) ofa

tlng (154) a first portion of sald flrst net al
“mﬁﬁ-géﬁ '(206) into a netal oxide |ayer (220) and

ga%glﬁﬂﬁQ%O?a ﬁ?t%%raplaﬁp (256&%0? QJld ﬁééc%mg%y&s(%o BTEt al layer

nitri orm ng (156)
an M %z?mé@g%ﬁ)n sﬁ@MsPé\éQﬁ (ﬂ@ms&@&@mmaﬂ NMOS
gate conprising a segnent (234) of said netal

ni '&:Mvg.rﬁnﬁ (@8F firstDbBibn SNEd 5 Bkt M (WEYifo & BB oxide layer (220) and
conprising a segnent (242) of said netal oxide |ayer

convdr@id)secord polttoe ofseit] fiscma4l lagérd206) ibtowhenkiitidslaged(283)ep of
converting (154) said first portion of said first
e faning fyeran (NMIEF)gate (ﬂ2@) asdiil BMQB gai¢ (2282 seid NIV pegate (229%pmprising a
conprises utilizing a gh-tenperature anneal. 3. A
segmers {236kPT eairhiptal gittidy 1asﬁtré?d§) 9@11 safeRIEAT gafer{dps) qomyising a segment (242) of said
dielectric layer (204) over an NMOS region (210) and a
metalsieRlay (328h (212) of a substrate (202), depositing
(150) a first netal |ayer (206) over said dielectric
| ayer (204), said nethod being characterized by:
| mpl ant ITﬂgmgﬂ:lo%%% clmntl LRGSR sdidkHRk amwl}@)@ds%@@m(mopsfm first
sai d substrate , converting (154) a first portion
metaQbyeS@b f? itd sraﬁtmeflﬁctxﬁlle lalyéi)(@b) doRPBks Uiilkifs Phighabrileradd £lfeal.
| ayer (220) and converting a second portion of said
first netal layer (206) into a netal nitride |ayer
(218), formng an NMOS gate (226) and a PMOS gate
(228), sanghoblMDBrigiag eepf FABYosier(pHTO & dirlertrr layey@AM pve( @G’IIMOS
of said netal nitride |ayer (218) and said PMOS g
regw(l 222@)%@ oRIPS miziap (242) bytvbivete (2PDpyeppsiting 5E) afistt 516%9@1%@06) over said
&220 4. The nethod of claim3 wherein said
dleleg:fl%lﬁ"eb O@oﬁﬁ\‘?é‘i"?’%‘&‘“@ asgprtenzed By f i rst por tion of said

L ngqﬁe} %‘7‘9 ‘%ngef‘ ﬁ‘gsmaaﬁ'hfl%%ﬁeg[lo ioaf tsatl)j(? %Jg%rﬁtﬁgﬁ)F) gqinge(r)gl:ﬁ é154) a first
Portl(lgpno% F'a?éjﬁrg’[ &1@% gg2§6) mlt.lJ %I 19&‘2[1 oﬁ@xﬂ@}"ef éh(ﬁ gndﬁ:o%ﬁl%iecond portion of said

anting type dopant in said P regi on

first heat ?a)yer‘%f%?ﬁﬂoq ﬁﬁﬂﬁ&lﬁcﬁﬁ)@r oxas) Qf%rnﬁlfgtaﬁ KM oke 8128 n®F PMOS gate (228),
converting (154) said first portion of said first
said NMOS gate (226) comprising a segment (234) of said metal nitride layer (218) and said PMOS gate (228)

comprising a segment (242) of said metal oxide layer (220).

4. The method of claim 3 wherein said step of converting (154) said first portion of said first

metal layer into said metal oxide layer (220) comprises utilizing a high-temperature anneal.

5. The method of claim 3 further comprising a step of implanting (156) a P type dopant in said

PMOS region (212) of said substrate (202) after said step of converting (154) said first portion of said first
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-9-netal layer (206) and prior to said step of form ng

(156) said NMOS gate (226) and said PMOS gate (228).
W®200Fl0es83p®t hod of claim3 further conprising aPGI/Ep2004/028486

depositing (150) a second net al (208) over said
et oy ORIt SpBe S GYmiRe (56 SA NSl () BN 229)

(150) said first netal |ayer (206) and prior to said

step of inplanting (152) said nitrogen in said NMOS

St o or Trakan{ b a8 Sapnds o gl e ol « R mea iver

(2082 gxlg%jgﬂgi ef%% irl]ngt)al 1.'%' {ﬁEMI)] %? saé A b%?]t &&n?{@?@lsﬁ? %nrston%?a?]?%)g 206) and prior

a\Ms"t Othtnpla iRk b)Y S8 nRBled i thill NQARTedidh RY.d first portion
o egaldpfalrg?ll rrjéc'ta é"'aeyclar 206) 6%3 (T%)?a nmet hod of

cI aim6 wherein a gate el ectrode of said PMOS gate
(228) conprises a segnment (238) of said second netal
| ayer (208 etbdofalaiged eheeinasait! steytke ildflangiag @52ANMidigatEin said NMOS
(226) conprises said segment (234) of said netal

regiqyi (210) chanptisy mplafik89id nifogedneaitiretdnd dortdn of kadd firstInenhleyee(2f6) without
said first nmetal |ayer q(52(_)6 is selected fromthe

implantigg sgidagregengn paifire Porrers rstpiefablayer @A) and tant al um
10. A CMCS device conprising: a substrate (202), said
substrate (202) conprising an NMOS region (210) and a
PN[QS re hgrrhetgmdl gcl’al re%naggat g %lieeo%t a;(? %\? taC(?%% &g)mesa

Sl tuate on Sal

oL AL SO
Segnggtt(@4¢6@5§glgt51|ngmgetlg,@llyg(g;40) situated on said substrate
(20 in said PMOS region (212), said PMOS gate

di eI ectric stack (240) conprising a segnent (242) of a
netal oxide layer (220); wherein said segnent (234) of
sai¥d metTk mathdd of dieim wyterein(s@d 8ist megal fager i3HE) if sepoedfrdnl the group
ortion of a first netal layer (206) and said segnent
cons{spugf hagifiung, girepnigmt 2afl tapiglge | ayer (220) is formed froma
second portion of said first netal |ayer (206). -10-

10. A CMOS device comprising:

a substrate (202), said substrate (202) comprising an NMOS region (210) and a PMOS region (212);

an NMOS gate electrode stack (230) situated on said substrate (202) in said NMOS region (210), said
NMOS gate electrode stack (230) comprising a segment (234) of a metal nitride layer (218);

a PMOS gate dielectric stack (240) situated on said substrate (202) in said PMOS region (212), said
PMOS gate dielectric stack (240) comprising a segment (242) of a metal oxide layer (220);

wherein said segment (234) of said metal nitride layer (218) is formed from a first portion of a first
metal layer (206) and said segment (242) of said metal oxide layer (220) is formed from a second portion of

said first metal layer (206).

-10-



