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A CMOS DEVI CE HAVI NG GATE | NSULATI ON LAYERS OF
DI FFERENT TYPE AND THI CKNESS AND A METHOD OF FORM NG

wQ bi6982d980 BACKGROUND OF THE | NVENTI ON Fl ELD OFPdHIES2008/010299
| NVENTI ON General ly, the present disclosure relates to

ACPIOSBEVRE HPING Gy DEPLATER EARBRS ik porent

COYPE AND THITKINESSENDIA METHOD OF FORVENG THR'SAME

a high-k gate dielectric of increased permttivity

conpared to gate dielectrics, such as silicon dioxide

and silicon nigtJsd @Eﬁl‘ﬂﬁi ATED ART

The fabricati g‘f{%ﬁ&oﬁwauueu ™ cgﬁ@(@ﬁﬂtui ts, such
FIEIB GIPUHE INVENEQNVi ces, ASICs (application specific

integrated circuits) and the |i ke, requires the .

f OPRRRIRION tBE PEESERYy %éclﬂw%é?la@fs tp|the, fahricaliennef highby, sgphisticated
i | Y Bir&lHsAn AL &g FFERY DU trnBstSPAEMEAS LofripFiSink thighl iti
lntegIgdayout, vsvhlérelﬁngf i%ﬁ% effecrt trans?st orsor p‘rlegerlﬁh %ﬁgpacmve
gate stpooures imicludygea bighek gataidicledtecwhirerdased pguhisivitytconiphsed to gate
diel det erm ne gﬁrfo rance gf.the integrated circuits.
ielegirics, surh gs sthicoy) ipxide and SHCRR BEEES ™t echnol ogi es are

currently practiced, wherein, for many types of

conplex circuitr including field effect transistors,

REPHdON OFohHE K NIEEDIART one of the nost promising

oaghes..due.t o the superior characteristi in.view .
F PO SIUTIERHON 85 cdyanced, BICENEL reBIE veh 1981 CE Ry dpraee tevices,
ASICOGipphtdtioai spacific ibegtdiel theuifsalahd ahé ilike, fdquiredecformation of a

i nt egéat ed circuits using, for instance, MOS . o
large; meRbRs| HfgGircwiy Elemsat of a giyaRichimparea gecgrding\te gaspgsified circuit

layoJé,r @Héﬂer&{)ﬂélﬁ ey t?zqugggfrg ?éﬂ?@genI {)I?é']ﬁﬁt}xﬁﬁl?tgr%gro? cggﬁif@l@ments that

h a substrate inc ng'a crystalline s conduct or
substaaydly. déefmiat peefbfreaicet ofathsi integrated cirespecGenaaldy, a plurality of
V\hetcggr an N-channel transistor is_considered, .
procgs; fechaplogies gpecyrenlly gracticed.cuhasriny; faf panyfypesSficogprlex circuitry,
incluﬁﬁlfrgrﬁad RYfeaNiramiisedrs AR P iechh@BLY idOREG 1yaHeWISthe most promising

referred to as drain and source regions, wth a
appragicheshtlie tel thre supsrion shadotsuistigseigi wiew el operagng spdednarsl/or power

regl.on i sposeg. adj acent .to t hi ghly .doped regions, . .
consiRBGST imr* BRT BE1 e ln Db ey e BBl Bbep creuis
using; o Mtaric€IMTS  téchBologly N énilliony &f AkdnsBtYrs,Cap.aN-thiniePtransistors

t he conductive channel, is controlled by a gate )
and/qx) dcehapgel fansistpradjase efrmed ©ORe acHahstedte r dglusingangl crystalline

. her ef RN ' r
somiSRAERF A U A et Dk ARG {HET R, -hannc
transBtaran dondidared, alppicaldy comprites sohealled PN paictions it are formed by an
i I I h t | ectrode,
inter{;agggr@ggr i gggpgln{?rggg)ﬁ;/ Sefér?egdetot z?s ct]raie}l gr?d seouercee;:egrio%s,e with a slightly

doped or non-doped region, such as a channel region, disposed adjacent to the highly doped

a
o

regions.

In a field effect transistor, the conductivity of the channel region, i.e., the drive
current capability of the conductive channel, is controlled by a gate electrode formed
adjacent to the channel region and separated therefrom by a thin insulating layer. The
conductivity of the channel region, upon formation of a conductive channel due to the
application of an appropriate control voltage to the gate electrode, depends on the dopant

concentration, the mobility of the charge carriers and, for a given extension of the channel
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concentration, the nobility of the charge carriers
and, for a given extension of the channelregion in the
WO e@nss2Bor wi dth direction, on the di stance bPCTES2908/010299
t he source and drain regions, which is also referred
regloh CG?&E@# lv?cnﬂ d;flrect%ﬁ‘c ] dl(p d?s?%' ”@RWQ& Qo&rf:g and drain
y of rap crea ing a cond I'Vé channhe
reg10|ﬁ§,| WMchhs alss méfatremgolayﬂfanuaorengmpl IHba&d: Oirm eémbihétion with the
contrql voltage to the gate el ectrode

capabili @b epidly, @Fangea H@rver elanss! Sl ath?.lawlgftmg layer upon
C h f | GO

apph@{]tfeo%sgizglg %%Iﬁ?? gggt 5 t he mlé&‘%ﬁhﬁ‘%h gm]é;%@" ofithe channel

reglmtmlbstamdalblt aﬁfecttgltlm‘ ptifi@ngate of IMOST nasjstand Tllms as the speed of

channel bsta tially determne th
creatfrgofie; el ot f8ends Roathe dpoletiitng e SHE desimel and the
chanﬁ&%&hxw@nﬁlb@ﬁﬁﬁ@ll)ﬁ@&grﬁﬁ@rtﬁé’\’n’iiﬂsﬁtale chfdUELRE, @ scaling of the
channel resistivity and increase of gate reS|st|V|ty,

chanig lengttorand apsociessd @arewvith the mﬂuCﬂm Oﬁdmnpll nes;hmwgy @l increase of
te eltvafelgnthe 2f)?rtlng sg ﬂ th

gate reshyNiyy 15 B SO desien” giiteriop °6r?“tc§}m8 ‘S*?‘ %ead‘r é‘%cé‘aase in the
operdtingGpeddsofahe iliéfi@dd eftcsitd. i con due to substantially

unlimted availability, the well-understood

characteristics of silicon and related naterials and

S h h |

POPESARE” B daled MafORE] QO B0 Rl PHE 1ed 15, 100 due o

substamdiadlyl ahlimited hoiadebilioy, thet wek-undéstoiot gwnmaﬁsmmsOf silicon and

desi gned for mass roducts One reason for th
related’oma?ﬁ.{w?s F‘ﬂ‘bd’r‘?%ﬁ%%“g yd g peRsEienee fga&ere@afivwgg the last 50 years.

Ther&fBH8, %ﬁfb@Hc\Li‘Plrhﬁﬁqwr&ﬁ%nhﬂ% rﬂzﬁgﬂ"alté}eclﬁ fdr ture cucullg enerations
characteristics of a silicon/silicon xide Inter §

des1gtnh@tfoalmmspnodu¢tabl ©One| metoni bl thenelomatanonmpbrtance of silicon in
di fferent ons .fram each .ot her. silicon/

fabri g oGP e Y BPE U5k IREEAY FOHRRPIALGr f sepligonsilicon

dioxidBUsterfatd MAB allb®s RENALE RROGRaP instliBiSA WiediEfeftnfRegions from each
tenperature processes, as are required, for exanple,

otherf oThea‘-’fﬂhQSﬁVSlhg@I digxide interfreeais stabipatrhigh émpetr@ium&ra@d thus, allows
the p&ﬁ%’ﬁ’%a% &9l g{ﬁ)gg uen# E%ﬁtter%ﬁcrzritlufé rocgs’gésh %r ergtlgllgeg I,]for example, for
anneﬂotftﬂ@dt@latu@d@@vcmpaﬁtbl ariofo dufexco@tal Sdapiagt ewahbyt siRfificing the
a gate insulation |ayer in field effect transistors

de“ﬂﬁﬁfh§éﬁﬁﬂﬁﬁé§ thednigsiage.e| ect rode, frequently

conprised of polysilicon or other netal-containing

materials, fromthe silicon channel region. In

stEadihk yreasons @ointgd diiabevqoestilﬁmnrrdiaomleofs Iﬁxiefdrarblgflfse«ttas a gate

tran istqrs | engt h. of the channel .regi on ha
insulgtinR 14386 8| f;veléefg#ca é’g’u"é‘é@é% hah SeRpALsS cthevgate rﬁl‘?fgmé&e&aquemly
comﬁﬁgd Gl Pty GHEITe BE oﬁﬁﬁa&ﬁétlal @dhta1§ln‘§cﬁlafelﬁi%lst rfﬁﬂﬁ'tﬁé ‘%'illcon channel
formante is controlled by the voltage suppli to

reglonh dng;madllxellmptqvmgedmca w&rrtnanhfeowplﬁaefﬁecotranhsors the length of
|on u ent | char densi t
the cfge] Fegidnifisg oniBu gt b dsRrepct. B Pibrpvs SPREIES St and drive
curreitigplaliliv| $iABE thedrfRistoriparfoRBARE iOEorftAMRE bl tNE voltage supplled to
coupling, provided by the capacitor fornmed by the gate

the géqeee&@qt@gg to annertctha siEpce of the channel region to a sufficiently high charge

density for providing the desired drive current for a given supply voltage, a certain degree
of capacitive coupling, provided by the capacitor formed by the gate electrode, the channel
region and the silicon dioxide disposed therebetween, has to be maintained. It turns out that

decreasing the channel length requires an increased capacitive coupling to avoid the so-
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region and the silicon dioxide disposed therebetween,
has to be maintained. It turns out that decreasing the
w@e b@nnad23d engt h requires an i ncreased capacit i RET/US2008/010299
coupling to avoid the socalled short channel behavi or
calleg g{n}&r‘ﬂ gh&r{n%pﬁélﬁak%é d%pl zxtalhﬁg})re ag&aﬁnf}g a&vgg g&?dc}[‘u chiann ?1 behawor may
lead t®an inkepsad emkegeoﬁuﬁrdfm dnldrte ahddpandaict afahe thrediwld voltage on the
nnel | ength. Aggressively scal ed transistor devices

C
chaan%w%h T éﬁggquwrly SClgd Laprtr Jorieesguitha delayrly fovy serply voltage
f
wd 1 RRARLF YR RSRIARY e KO RAPAR Al of e e
curreghlvdnleeslsc apqwrmg \eghgrwe | capgcm{?e tchplgg of e¢heguteoclecttaie to the

t he chan on, Th the th e the, silicon
changl3sSige | e TR ACCkns AT et Gedy HERHE 19 B dat Bos gorspondingly
decrdagéa/ﬂod;ﬁome tHeeRYhirQPcdpadigmics emeb e aﬁcf‘ﬁleg:ﬁﬁﬁne@ ﬂéglon For

the channel region. For exanple, a channel |ength of
exarmgphq racobianmse] étqgthf) oD8pproximsyely O{\8i e meaygeijeireagdatecdielectric made of

N L R e .

elemBRY | K af XEARIARIY shBR' hafhannRYy pRieriI§f 8 abéd € high speed
used for high speed applications, whereaS transistor

applleatmmnwhems thareslsmrmg@nertmwnh ] lom channet aryfbgrused g less critical

catlons to et
appigfiipsn fien W ROrFE kR Buors e ol RARRH BB MR sument caused
by dityctdinirling tof Ut ge @rridrs G0 GE af aAltéd-@iss silidoR didkidd gate insulation
ultra-thin silicon dioxide gate insulation |ayer may
layer, @ay Heach) valdest (o amnopde dicknfsg ip dhe ranget ofel 2apigethay may not be
t requirenents
com (t)lr%lé;‘g}ﬂ;lp&#ance %r\/‘lgeﬁfog?lrg}g%(%rgeﬁ'lc 8?12 ore, replacing
SI licon dioxide as the material for gate insulation

ers_has been consid re particularly for extrene
t ﬁ”?‘hﬁrgﬁqr? G agng i iiron PaayéFlg sl By @ats inHlAaN %ﬁrs has
been "ErR{defldS ﬂaﬂﬁ!u}‘ﬂﬁ' i @it}éi‘ille?¥ that si#kbh RiibxiBe gate layers. Possible

significantly higher permttivity so that a physically
altengateatrmtemzﬂqs oichele anasérials dot etubio ndignifiicantlyhaghdr gernaittivity so that

| ati er pr.ovides a ca itive L hat .

a phyaly Ee b ks g <oereane AT forietrpole Puafiohy |33 meovides a
capatifiy€ rcouﬁiﬂigmﬁk Ywoudd thl &kﬁﬁ&ﬁ bly€si bit@éinél?rthﬂﬁ E‘ﬂll@&h ldoxdde layer.

specified capacitive coupling with silicon dioxide is
Commenby, adlickpess Seqursddpr ashieviag aispedified capsctiveeccoypli@ewjth silicon
d10x1-gg l‘ffc‘ refa‘}e ];]z{esr S%)fxcq éigﬁec u&élgﬁ%%ﬁl}&ﬁt&ﬁ%& ‘Tﬂpé Yat glflsrst %lance, it
appeﬂs Shzttaﬂrgbltyfrepl\aﬂhg theyiliten diokilerwith highelc iMagnials is a straightforward

equi val ent thickness in the range of 1 nmand |ess. It
way Wagbtelﬁ@scaaé%n%w\al% ﬂ%lskl}eéb}“albé raggeiof d pngangk lege

with high permttivity materials, such as tantal um

oxide (Ta O) with a k of approxi mately 25, strontium

t i R amasuthusx bekn (sfigg‘léis@) tdwa&plarg: ailicomfdlamdeowiithah'fghypermittivity

150, fni um.oxid zirconiu i de . o
mate{i3h it anCATHEM e CTATAPLY U &I, DPRARBRERLAS, stiontium ttanium
oxid@E&rTIOJBAC R RY 0P SpprBLineAd $d 50YhdthidH 64iB8 (BFO,), HESIO, zirconium

appropriate
oxide (ZrO,) and the like.

Additionally, transistor performance may be increased by providing an appropriate

conductive material for the gate electrode to replace the usually used polysilicon material,



10

15

20

25

30

conductive material for the gate el ectrode to repl ace
the usually used polysilicon material, since
w@oeiogmsi2seon nmay suffer from charge carrier deptBUSZING/010299
at the vicinity of the interface to the gate
d tr| tiy n
ey ficon sy AR T S BAE L el O B0 PR L FICEART B BORErface o

the gﬂeuﬁele&r@ﬁﬂﬁréﬁy&@liu&iﬁg theeffecsivg @ﬁﬁé(ﬁldmmbmleéﬂltl& channel region
gh-k dielectric material provides enhanced

and tb%lgateleé%&r@ée bddus pgate gack aﬁsa ¢am Qigaested wswhickia highyk dielectric
I

matelqél:)éﬁ'ggitﬂgg g%{ﬂélﬁe%“g%ﬂéa%ltg@tf@eﬁﬁsg@gk M&%Ee olt2+1é19 a%% A& dioxide

layer} whileaddipohall manmﬂmgtlea‘kiagd: cursentf ataan addceprablertevilt Ordthe other

d the ornmed.to connect to the high-k
handdﬁ?‘GI“QEtpPhié?HfFQPéP%ﬁPal BY SOy AR BSD e 2 e L mbe formed to

connécrt‘ &0 Qﬁ@ﬁ?gﬁqg dféflec?né:I ﬁﬁ'te?fal ,QHeréBY! QubsPArifafl ta)(/Bld‘ﬁ?é thé Presence of a
| ow t hreshol d vol t age of ‘the transistor:
deplthep ﬂeaenSmce hgpiedlst agew shrestivld Nokagearfdhe tnansastoh avinieh represents
t.he channel eql esi.red to obtaip th .
the vhftialas 'R SPERRTe bl firgtsindRSififing e Ridpsieio obtain
the hi df1€§ Qﬁﬁ&myec&h@leﬁgl the€bmtroRsbiRty0 B tHC RYpéctivechlnnel requires
opant profiles and dopant gradients, at least in the

pronauneedjaigrabdopane prafilps prd deppat gradienss, of deasisy. gl vigaity of the PN
Junct[b%goﬂgngo?g,fsrogé ﬁe&‘ﬁ&'l%' L%l {’5@%&5@8 o\%e& B‘? o% %‘ﬂ’ %n%h nnin order

to intrydee aaropmmpedes Whoidﬁﬁnﬂoaﬂ\dm type b@‘mtsppﬁdsmfo thé eonduct1v1ty type
remai ni ng channel and sem conductor region so as

of the f@ﬂﬁpagc@wmﬂeaqde%emwwgctpmrw%ﬁp Gf RopARTeT éa? éffwltmg PN

Junctg)fn r&cd%n%'fﬂep thed %orfrﬁﬁgﬁ Qi rgﬁ)e‘ét)f\tree Qﬁbﬁﬂoﬁ Afld QEF;P drain and
source regions. In this way, the threshold

souroeabglage hfthishway rthmdlrszﬂmtd wolguge foif deentrdnsistiat segnificansl ytdeeermines

the <Rz i b Enitnel SHefan b ehifir ey o L e, esigld volage
may bedsizeH edafop re@N@HNSate HERMERs. MerREOHBY CerGldﬁfg an appropriate halo

appropriate halo inplantation region, the
implangattonotegiam, | the woofrn{)ﬂehtyhaﬁml@ Chwebén%hharm@dnced thereby also
reductlrtl] ¢ eb\)’an%n ﬁldeul?lr sgoldh\? ta WIEE is als reef rrh<|i o} QQ hxreshold roll-
VOt t R 1°S0 re o a8 Y AT ESHoIY

off, dndl dlsﬁ feduamg sagrﬁﬁcztrﬁdlaﬁbﬂgls%tgﬂﬁmfsls@@merfbamlaﬂéd @/ﬁtﬁ @Variation in
t ransi stor erforrrance V\Athavarlatlonln

gate Jepgidt 1Pinas the threshold Holkageof the,/isansigas & SIsrnécwafrftthe@ by the
work ﬁmﬁh@rp' F'tﬁ@%&t}él Q&Réﬁihmtg”gﬂe Hat EH? zlﬁ)gfggﬂ}gatté %ﬁ{ugfment of the

nmet al - cont al ni ng e“nmaterl a ropria
effectmlq wadrkefunctddn tvich eéipectt to/ ehe/\mokddcumnyltgpe wift ther eapéstdr under
t.he condquctivity type of the transistor under
CO“S‘EB‘i‘?QP‘HQ?S‘a‘P rg“le}%?é‘t‘%ég be guaranteed. After formng
sophi sticated gate structures including a high-k
di el ectric and a netal based gate material, however,
hi Aftertfermingaophieticateabgare strecturay inshidingjuhigbek dialecicie amdy metal-

d f
based 5 ahbfial BREEVET tiEha fmaren b eeh andy, B appiirel” Which may

resulCNd RsduStiomof (R pHrBittikityRE @id 2dte didM@O¥aRk8 By an increase of the
resulting in an increase of |ayer thickness.

OXYEFIy ﬁph@nmmemeahghrk maigrialhtheygbykalsemesuliéng amyanbisicrease of layer
thlckngsg ﬁﬂemrg,ha éhslft%?ldleeyv H( %u%ction may be observed which is believed to

be associated with the enhanced oxygen affinity of many high-k dielectric materials,
resulting in a re-distributing of oxygen from trench isolation structure via the high-k

dielectric material of shared gate line structures, in particular at the moderately high

4
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be associated with the enhanced oxygen affinity of
many high-k dielectric materials, resulting in a
wo 200dio3280 but i ng of oxygen fromtrench isol atiPeT/US2008/010299
structure via the high-k dielectric material of shared
r t . I
tempglad'ilﬁeé 'r&gnrg? ut?g tscgrﬁlgiseblpk qg@?{)bélgtgksa?ft% f%&ﬁ%ﬁ%%@ﬂ-% Petal gate
structur@n Eustm) tisis Eéltnarleflcﬂ rshifoin thé mdnalgdmnkalmg ghtegﬂitérlals the resulting

tru ure to th| Ferm |ev shift jn
mSﬁ%‘fia‘ro ‘agnhmay "1’?@“‘56{% Bigh tor g ‘?‘F Hise P& diator anmjantatlon techniques
for alljdSGERd e dr Ok icROR RE QM feQfd? i
or au‘lil (ﬁ%] arao |srrpl a%ljtggﬁl%n techn %eg(gp orhﬂ)l Q{r%RB Oétage roll
off tq altove highdlrive lvarranttvatues tat owdewiatehy toasﬂmcshotcbvodtagesr oI I i ng
threshold voltage rolloff to allow high drive current
val ues at noderately |low threshold voltages. The
NogRe ficleARdakt Bight1eRpefairey &%x?lﬂieﬁgarkf&?ortfé&r@ti%hq{rocess may
fabrication process nay be avoi ded usi ng an
be aqude@gbxauslma@@nemnon schgmecin wh@hgbc eateleéf@trpdd structure is formed
t condi nvent i on
accorf’dugght%. N e%r{tlz%laf)tec \heglalngi/ is Q 1 Crgal%gec? Qy 2 8%‘%’ %t{ca%egthé%}l -k metal

gate htrgt’tuke nehdeingtheCrespdctioe Liﬁaals\/\&ler @pﬂoﬁrﬂﬁ‘el&e@wﬁddl Y& as to have
netal s are appropri at el }/ sel ected so as to have
Sultaélm Ve Ringene forN-chams! frapsisorshanth Bicharngh dragsistoss, apgpectively.

Thus i N@RD ?Ate%rﬁ@(ﬂﬁ séltlé?ﬁé thE CSRREAG SR eﬁol%ﬂ%n/c})pdé t% st cture is
I ntegrati on sc t’he conventi on 1 CO
remogadl emdtreplad:anlrby Iﬂm hghEk/ aﬁtairsﬁh&ezxﬂeaahd fingl high i&ngierakure anneal

net al fter the fi.nal hte erature anne
PrOCf'ﬁﬁ%wé@stE%S Fdatit o HE R 209 TGS e leee JRe hEddl el sate
electfo%g is@8urd faR¢ %nlyt XPehéi 16w %P&raﬁ@éseus%h &k tHeHRk-end processmg,
structure may only experience |ow tenperatures used
that tsheerbmrktumsdofpamn@smatag;y 400AT, thsreblyerupstaatiallyegvaiding the above-

tely 400C, reby substantially ayoiding the
descriyid b@a IEYPSH t@nﬂﬁ HiPEHbS Eﬁé&‘?flft&fsaﬂ fythe ingh-K jpeaterial and
shlftxﬁ @sea%ﬂaﬂuﬁ&ﬁ&ﬁ oPthd etaldiifl g diBEREHGesand shifting

e work functions of the netals in the gate
eI ectrodes. As previously expl ai ned, the N-channel

nsi stors and.P-chanpel transistors require very. )
BB P B DR g B L Pl Py e
very aﬁfdtédtlxﬂ@alt&tﬁltamm that&Gdls €dt appebpriady wj@sﬁ @8l function and
voltage of the different transistor t her ef or e,

thus thedhreshqld woltagecad the dibierent Hanssiontpene rgmrcy respapiiedntegration
. PN ; .
scheffBf Y Eh AR Soflod e U0 o BRI ompned i wen.

establibliedhdwal &)véi_sla)j'e(res]tdeysou&@ﬁréadﬁesp fmdidtd hregtypidailg hisyd for providing a
stressed dielectric materl(zill(f wth different intrinsic

highlyy pteesseds JiRlRetiq naleritl aith) diffessid iniryisic sigsst phove the N-channel
transistdrd &M khe W}ﬁhﬁéloﬁﬁnsﬁﬁépgﬁéﬂdﬁbé{ | i g di0 m hﬁmy cases,
many cases, transistors in ferent device regio
transstorh ias dﬁfdﬂemoﬂeﬂpe pegiophesach rasgiChis doves, perlpheral reglons for
.1 nput/out ut, nenory regi.ons and the |i
inpurigpse BBEY veboriy it (e gt S e ity Sapply voltages,
therebﬁ%’«id"lhﬂg aﬂrhp?RRfrﬁféﬂ* alipkitda m%éi%fdﬁné@k?fr the Ngatk Hﬁﬁﬁm@ﬁ layers,
_the gate insulation1ayers, i n conventi onal
which i ggrvgnlixomil gtt«pgatg@ grat¢giesas eornunplished by grayiogian gnaeased oxide
thlckhgs% ra%argc?lglre% 1‘lo(r:l She highest operating voltage and selectively reducing the oxide
thickness to a desired low level at high performance regions operated at low supply

voltages. The integration of gate dielectrics adapted to different operating voltages may be
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t hi ckness as required for the highest operating
vol tage and sel ectively reducing the oxide thickness
wo 0008/082230 red | ow | evel at high perfornmance repCDNS2008/010299
operated at | ow supply voltages. The integration of
e, O QL L€ ey .adapt dif f grer er ati
aent B, S LRRERLE S 30 Sl e REM-Lometat g e
compdgrjirgodhe hrahsistof etradtogs t digcehd ghrdityef @bm@Rixadaskifigregimes may be
conpl eting the transistor structures, since a
requifidyr al i ty of conpl ex masking regi mes may be required.
The present disclosure is directed to various nethods
and devices that may avoid, or at |east reduce, the
ef Tlecprssent dspleswre isrdirectaf totvaeops oistheds andldexticdsi that may avoid, or

above. SU RY THE | NV | ON,.The foll ow resents
at lea3 @{cs, T QLle S ATRF O BIOTS STE RO KOG HEPRY o

provi de a basi c understandi ng of sone aspects of the

invention. This summary i s not an exhaustive overvi ew
SUMMARE OFVHE INVENHION not intended to identify key

orcritical elenents. of.the inventi.gn or to delineate .

© Lt SieRE h Sirfpinis SorPeYof 8% g orp b rovide a
basicRUireRfndHRNEf ACAPLSs of tie Sivemidnl | Bels kOMMaay ivnot an exhaustive

prelude to the nore detail ed description that is
overyipw (afsthe dnyeatien. leinhaphintgnded He idemify key mitqrsical elements of the

- j SC ed [ t | St C .

merlEAhSRHREHE R, £ T3¢ SRR HEER2fhumoge 0 rsen some

conc&Ad a simplified forgahea ptetade todke fioreidéthileisdevasiption thar ixriiscussed
on the basis of a high-k dielectric in conbination

later.\j t h appropriate netal - cont ai ni ng conductive materials
havi ng appropriate work functions for P-channe
transi stors and N-channel transistors, respectively,
whHaererally, e syhjeet mlader disdesed theredn tal@es wespphisti€aedreniconductor
.after any high tenperature treatpents reqguired durin

devidth il gRitor, FOrofOTIRE D dne VARG S FLEGHTP i S PELIEY may be

forméd81 BRYba8S DEAtHiISH-k iY@t €liNEorabiartidt Witk abﬁk_o‘ﬁﬂﬁl‘é metal-containing
functions and del eterious effects on the high-k _

condygtivieematarialsmhe ng sAppropaite wogk diysetjong e@)@rPJ@gmnetdransmtors and

' . e, in i frativ C i.scl d

N-chfHef HORRRC ropRaify, WhetEh L' 46 SRR ShRALEERy e formed

after vidlyl hight @lpefdigd CddunehBclequiietesluriafte fokinatiod € the complete
repl acenent of one type of conventionally formed gat

| > ) e
transiglag c srusderest Fisesh)r €8SeRtgilh avakkRgnys HiS ot ttRrkpiicons and
delet&{i}oﬁ &f&&‘l ¥n %ﬁ% %?éﬂ-ly %i&&&ﬁc Hﬁﬁ@ﬁa’flsc‘,’ ast gl%(fﬁmﬂy_aﬁ&'c b&  For this

the necessity for a respective masking step-i nvol ving
purposepin etd dhiseative dspogrdipdiysedrizeas sths . trabsnses neyt be/fortned on the

of the trans

f tgfr rocessi after. conpletion tor
basis gl -aftggl}%%ai (_tig%ﬁePF‘&?‘ﬂ‘éi?’ RiEhv i fi TgRYgreBensor one type of
conv&RIBAaIY Boinhddy gk tefflece@BY 8RHhEARA! m§% batRebBpIiMe "G the basis of a
~_adding undue process conplexity. 1n still other '
highlyy|sklgstiveattily prarspe thesehyi avliding thehegcessity fan ageipanidemasking step
invollvﬂltges%i)glts{igar%ec? fi %rgrreaph§ p";j((;"g’ecs:srels.b e‘(‘,jonsequently, the further processing after
completion of the transistor structures may be performed with a high degree of
compatibility with conventional strategies without adding undue process complexity. In
still other illustrative aspects disclosed herein, an enhanced integration scheme is described
in which the transistor structures may be formed on the basis of well-established
techniques, wherein gate electrode structures may be formed on the basis of conventional

dielectric materials, such as silicon dioxide, designed in accordance with the requirements
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in which the transistor structures may be forned on
the basis of well-established techniques, wherein gate
web@onsnse structures may be fornmed on the basP&T/U82008/010299
conventional dielectric materials, such as silicon
o . . .. Che '

for o Sh B SRR TR FRRLEEIRRNEH L Fonrmed  igher voaees,
thereby s quivir€y ar [rRFesised gate oklehRickpes atThdreatie)ilgh@dvice regions having

vol tages, thereby requiring an increased gate oxide . .
formed, thareia sdummp cgaia relestrode sEUeMISS candr Hii deiice, zqgions containing the

I N S . e
specifj88 BER JERIRE DAL Ok Gk SPhIHAmeTkAd Glalichl; Bk litmay be
prepatd fortrecedany dhd reglactrecagateogectadde syaterd ialthe forimer device areas,

. thickness may be_prepared for receiving the .
while, & SR EARr RO £f Diedbis Baerale R Gres the [Her feyififreas may be
main@§dC tha i€ 3% lead ileSgAe Ql'iegiﬂufidl: Gdrid Qhl | OPorfibn [dF&h&@bSventional

el ectrode structures in the latter device areas may be
gate elacnodei merial may besmaiatainasahrougheuigdie eprdéess eequence for replacing

e GRLGBNC G, drhet eBled b7 PP ERME PRl ke = mieh
diele@fi@Ciaaerisle i e6®Birafibn VA aCinB@l-tHiRaigiHpy fHatdrD Havihat @e suitable

el ectrode structures gx.an el ectrode structure _
work; fyactinn. ngubseanently k ar pdditienal highly cendugtive materiadi may bo formed in

o g 5 8L S AU, S PN AT B i e
convenivaul ghteeeloat@iel sthudiirys, b@hichr meyl dch abad heglyqeasenoffor the metal

... .gate electrode structures, thereby formng a highly.
silicid feaieRs et Jadh haYe DREN ESRQER: PMalo grrvadiag dhe sgplisticated gate
electrddb YEhHLRS; (%Hsgg\._\e'ﬁﬁg, A64 iR thid cﬁ&?h%%ﬁﬁ@érefz o cBHfgatibility with
nmetal suicide regions that may have beéen Tenoved prior
conv¢rsioprbwtraiegigs ey bepichsyed; avbetepase appwptinedmasking regime may
structures. Consequent | also in this case, a high
ensbiG pStanEATT BRgAEIIE PSRy e ROE PSR SryelirE ftdigned for a
specifiBYyREoPaRh RS thrddB081 theFroeRP F&PFpBicthgl '@tﬁiﬁn?%art@ SiniBures by
may enabl e substanti al ll’dii mai ntai ni ng a conventional
sophiggatedhightkroefel gate matariags. desi gned for a specific type
of transistor throughout the process for replacing
dummy gate structures by sophisticated high-k netal
gaRgtheahere| dh Ssonfell ill3GatIY @spects 8i30W@séd e, athe Veébove-described
aspects_di scl osed herein, the above-described o )
strategjes Jpayy be Combnadetoc iowmi sophistigated) ransisiehn elemeaty gquiring thin gate
. . .S r . n . LEi j - t i- t Li-&S -
dicleqtB0 TSR BRIETRIME SEAMLS (RO IR @riiGARE! WS yiicically
designed mesgpeonfainag gytedesegaie Haviag appopnbte workgfugetians for P-channel

mat eri al avi appropri ate rk fynctions for .
trans iRy ALV DML LB orar ke sHavangially hHSaing wonygpoal gate
electrddOStratutR! I\xbhicimg.iﬁﬁ&%end.)ﬁ&a&@ RYERE HAGR | of 4R ﬁxc_?éa@&% ggﬁ Qielectric

_ structures, whi may be operated on the basis o o
thickingss ise sl theymansistiredlemaents may Ihiedhmesswith athigh degree of compatibility

., transi.staqr nts. na e forned.with a high degree ‘
with SHRBHE GRICT TR RE o iehd: B Mt SRR 3 hy desired
perfofigic@inhamang iskatekies, QU &Y s@ficoRductitYallsi drefhaterials creating a

per f or mance- enhanci ng strategi es, such as

desiresb Hipe H ditf@iroin Biel iggpecye pleanael epgtons rdvgngrihe dormation of the basic
transistor structures, while additionally a high degree of compatibility with further
strategies may be obtained for enhancing the transistor performance on the basis of stressed
overlayers to be formed after the completion of the sophisticated replacement gate electrode

structures.
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desired type of strain in the respective channe
regions during the formation of the basic transistor
wa@aeoos2ees, while additionally a high degree BET/US2008/010299
conpatibility with further strategi es nmay be obtai ned
for enhancing the transistor performance on the basis
of stressed overlayers to be forned after the
coDn¢ Hiuseativaf meihed slielussd heriecompi¥ea ¢amEing agatwransistor having
. electrode structures. One_illustrative nethod disclosed .
a firsp gatg; slectindp sirueterg ahavefyfiest deyise regiomsilhe snethed, fusthes comprises
il L o[ St [ .
formlrg P iec R Rl KAMR 7 HERY SR ARENRe ulii sty 538copd device
regiohr angiletoorehahw figst @areeloctcodgadtorcalreds repdacedtyue tfirstereplacement

above a second dengﬁhregion. Fur%ﬂer rj, the first. .
gate ét‘.ﬂlgug EUPPIIHRE & 1}"@ i pg, gcing équtear | fAng,/a .lrFti pm¢tal-containing  gate
elect{jo@@'rﬁ&t@ﬁﬁ%hﬁi@'&:@v&fﬂguﬁkbﬁeﬁorﬁp[fHﬁdiﬁbP By & fHaf0- Khe method further

ielectric material and a first netal-=containing gate

compsises remeldngrihe s¢cond vgatd elecwoda stmarturgeors deobapis of a selective etch

transi stor .by a sk. .Th thod further conpris .
procdst AT % AN oBR BRI oot 86 e P UL ¢ PamG upantially non-
coveRRasi FimdiflyatrehReddvorpdes MopGRESa WetdRl tdpackinesit gate electrode

repl acenent gate el ectrode structure remains
struciyig scognprisig| ¢ ghdomatesinl qdna| segond Hactakegiwgining gate electrode
InmCIq?lr_rprises form ng a second replacenent gate el ectrode

Structure conprising a high-k material and a second

nmet al -containing gate el ectrode material. A further

illustrative nethod di sclosed herein conprises formng

a 4 Pethegatlestetive  Peed stiseletadr Berem gomprises derpipg a fist gate
electfo@fis@ict@fdnd ﬁ@?@aqc&@%ﬁ)n‘%nﬁq JeR0fd %&hé Uielkitb&e Stfuchure in a second

second device region in a comon process sequence,
deviogtregionnn tahenimos pravess seoamst, gherie thecfisbded s¢aoud tgateeslectrode

conprise.a gate.insulati.on dielectric and ate. .
struclleR CRTI FBUF DAL JiplSrigic ot egydectiods Pt and wherein
the ghte@hRtdtionCdi€l8&rid hhé b FHrstithickierS TorrEPoh@mB 0 dideSigh @hidkness of the

desi gn thickness of the second gate el ectrode ~ )
secongt gaie elgptsodeTimictnse-hdhe methaddfurthengampreses farming g fiast transistor on

fil.Ls nsi st or h is. of the first.gate .
e 4535 L3RS, S PPlodd 5B Sl EPAHAE! g s of e
secorfigdts eltirbdiestarR0asd Fyallly, deantthodeombribes!| ufier. fobmihgl thy first and
the net hod conprises, after formng the first and
secongeraRFStets afepiasing: e filsh Eafei sheriiode sfuetyre huraelint senlacsment gate
. fj 3 . .al tr .
clectiSHE Wkl gl et AN AC FORRI 38 B o Poonduciive metal
contamehg magdriahmdiila nidintainigpthe gate iusulanxinadieleotriaiand mgortion of the gate
terial i.le maintainin he gate insulation
elearg’ﬁglng’é‘ir}ail \gpﬁ‘ﬁc?e%fmﬂo%af? ﬁa?ffdtetsﬂé‘gﬁ‘é‘i'e el ect r ode
materi al of the second gate el ectrode structure. An
illustrative sem conductor device disclosed herein
c ohprillesrative fsemgonduciorsdetior discloged bemein qomprissts gy firs transistor

compfis i CFT s En1odr siiiuit g RN MK gt guegial and 2
first Sle@flicopEmin@toate alectrddie nfi@tiate ThY dbGice TOARET EMfiprdses a second

second
transistor comprising a second gate electrode structure including an oxide-based gate

dielectric material connected to a semiconductor-based gate electrode material. Finally, the
semiconductor device comprises a third transistor comprising a third gate electrode

structure including a second high-k dielectric material and a second metal-containing gate
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transi stor conprising a second gate el ectrode
structure including an oxi de-based gate dielectric
wWOorai0e/032Bo connected to a sem conduct or - based geCEUS2008/010299
el ectrode material . Finally, t he sem conduct or device
rd.tr ns i n
electxgq 1%15@9 3, gylﬁea% Puglg 3P irs CI u ﬁiggrggglré%% |$3peh elgﬁggée slguctures further
comptiselaqhird nfetdlRbataidhg Aatkrial.second met al - cont ai ni ng
gat eel ectr ode naterlal wherein the first, second and
third gate el ectrode structures further conprise a
BRIE] Bt BT i %ﬂ%@é BRI EF DESCRI PTI ON OF
4 ‘ ay be under st ood by
reference to the follomnng description taken in
c o’ﬂ]leudusd;lome wiaylbetindemtmdryaefdrearge do dwi fofowingdashiiption taken in
ke reference nunerals identify blcrﬁ el enents, and

conjygiefigh Ul EOMRARYing ArHREs gy 1l st ereRce niférals identity
like Q€S5S A tih Whidh: Vi ews of a transistor device including
P-channel transistors and N-channel transistors
recei ving a sophisticated repl ace ment gate el ectrode
stgucture gn t.he electric te
LS AT oo bR e S SFbA o Rl device
inclullihg PB-tldimeBirisissérs Wad W-Elfann¥h@drRistora rédé[’hh@hls@ﬂhﬁ%ated replace-
selective etch technique may be used for replacing at

ment] gaiét elsaodsy sirugiurey ane the depis oefe ashighck udisleciic csmqwrh@ and an
u Vv gure
oepritott, PSR R oM SOplotbbIMTGERE, apuogpes, whorein 2
sophisanated sﬂaﬂtv@retdemehﬁlqﬁe mdyosarused for népdidiyg at least one type of gate
sophi sti cated repl acenent gate el ectrode structure
6160tw4ﬁ|sgu‘ffa¥w%q0ﬁ‘51n§ 1q Husigalive FpRadupents:c material and at
| east a portion of a conventional gate el ectrode
structure designed for device regions requiring a gate
di Bigerss r2ac2drestleamaticall§ illnstraeams{shcttiﬁnabssem of ee semiconductor

.basi s.of .an appropriat.e. ski or di
devi T T TRER A M SPPUR T L AGHETEA S S Alr oyl Agbdure while
mainGinidg the haraldidedtiy Ih:itlallx'zﬂtirﬂi Qt (296 9- PAEbh 0L UnO¥Rional gate

of a sem conductor devi ce during various manufacturing
electendgguniciuse fassigned) foo davise iregilons reyiring eansate diglestric material of
mcregie%% Egeesls %ilrtﬁ'ec f)#ﬁ ecgfoa#v ﬁf?apéﬁgﬁgg?%gr%fe%ugg ac Oﬁdmg to still further
1llustsalh&teﬁfbfodﬁhérys rmmdnt ai ni ng a conventional gate

el ectrode structure in certain device areas, wherein

addi ti onal strain-inducing nechani snms may be incl uded

'”F i ghéthdRay GG Rds9Y, Q lo

1 69634 ﬁ;s%t r atzlitve Zn‘[} 1r[r€ent(gsg & tﬁ?‘gt ﬁ%gsutjaecs:emlconduaor

devmeadmmg cascuso sadufactueing stsgefsumcﬁ:ptnul[g eopluslwcanecbtwlacement gate

dification d.altern t|ve fo eci
clectfida b B onin L PEbr ek o1 oAUy b SalensPngigshpiques while
subsﬂaalélnenﬁrmagsa 208V cRfibnd1 ol BleB@SES ktpafdilur’enind&txﬁid devite areas,

shoul’d be understood, however, that the
wherein additional strain- mducmg mechanisms may be included into the integration

scheme, according to still further illustrative embodiments.

While the subject matter disclosed herein is susceptible to various modifications and
alternative forms, specific embodiments thereof have been shown by way of example in the
drawings and are herein described in detail. It should be understood, however, that the

description herein of specific embodiments is not intended to limit the invention to the
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description herein of specific enbodinents is not

intended to limt the invention to theparticular forns
waele@elszed, but on the contrary, the intenti onPCEHUS2H08/010299

cover all nodifications, equivalents, and alternatives

partl%g ldfé’ﬂ%ﬁ\gbscgl A th Sgtéglaé%tffl%graﬁ%glgteﬁ%t ht% IoQ'\éF gfl n%]difications
equlﬁm|aﬁa|a%\dﬁ{1¢mmﬂg| witlinrtaé kpicit and ecipeaitithe @fvehtién as defined
i nvention are described below. In the interest of

by thejappendpd cligns.al | features of an actual inplenmentation
are described in this specification. It will of course
be appreciated that in the devel opment of any such

DETHHIEH)DE@GRHRE“DN numer ous i npl enent ati on- specific
deci si ons, nust be gF to géhleve t he devel op;

sp¥aneyscillystptave embadimentsyahthe, Hventipn W%;dsi%ﬁﬁi dieigveq In the
1nter@s@dofbl:'l§h S&mraqi éf&ﬁ&lxeg:qrfss Bctaf im gwn%tmdn' aeéapé/scflt,@dﬂm this

one inpleénentation to anot er. over, It wll be
speCI:ﬁlpptnca'r:l Etweidl ofhetursubdhappreiasted mlm’ramttheaﬂé\ceﬂchpmmglw abg such actual

C x and tine-consum n ut ,woul d neverthel ess be.
embiTRe AP IRUEP R POt et e CHRIB PR P RAgR fq Achieve the
evekﬁ!@rsars?ed?ﬂé/ igaglst BEchbsN %mPllzﬁfcet\bitﬁ s%t&ﬁ[r‘éﬁa%deand-rhﬁsmess related
present subject matter w now be described wt
constrr@ﬁér e\rlm@ wall tviaey énona@h@dmplegmnwonvwa@d@rstMgmoumest will be

de S Al e al | epicted int

appreg: ‘ﬁe& a‘ d‘F pé"rvﬁ Qpuiens fe?fg)ﬁ F‘é%?étcl? o%‘y%ﬁ'reg Aoy °8’§S"1“8“g’ but
would Qfevéﬂﬂﬁdk&dsﬁ ®e talrGuiiccaRridttaking (fbmugdi‘oﬂ/wrﬁhlaﬂ}eilall lis$ tHeht having the

are well known to those skilled in the art.
benefeofdthisiitcdsyre. he attached drawi ngs are included to

descri be and explain illustrative exanples of the

present disclosure. The words and phrases used herein

shbhe gresentusuthgErcs maeodr avil naw be plestritbdt withavferencaaarthegttached

istent with the understandi ng of thoevvords d .
figurg YeRRUSuPHES e YSHiY B Jaticeh ars \Pepaially depicigg in the drawings
for pﬁlﬁ)%%sadf A pfahidd Sy Ahd 8o hEITAR ObBMARR préseft dis@osure with details

definition that is"different fromthe ordinary and
that rgswelirkngwngarthesy skalledhitethet agbd Neyerthrdess, diei dttaghied drawings are

. the art s |j tende consi st.ent usage

ot iSRSy BRI o e BRERR Tl P woras

and ﬁ}ﬁﬁsﬂb Qbedtibréin&hbsldi HetiiaeRtbodinl aﬁt@gﬁeté@%‘hﬁdre ABRANIAY consistent
, a meani ng other than that understood skille

with &rw@&r@andsrw: télogep@erdmand@hraﬁpft by thase iskillgd l@ﬂmr@@w art. No

speoRElotiblof 108 o RFFLE. 2L Ao 64 Difrbh OBl he rtnary

and cip@Oaay nbahing dlemﬂelfsmt)dtHye[hb&r skiltsd inhthaar, isGaredal loybe implied
t he subj ect %gat ter dis OES‘% herei n provi des enhanced

by consistent disase ehthedeun s B urkaythsyexieni dhat a term or phrase is
t
1nten¥rir§tf gkf‘ h&HE? sgé@?aq rrﬁéeﬁ‘m&o PR & ﬂn@ﬁgﬁg § ttHeg I@hzﬁ]eﬁil'a? I.Lﬁ(fér&b&d by skilled

gat e stacks be’forne er t conpletio
artisapf, $uch atspecisl defmitiat wilcbeiexgesslyt det forthetiuthe dpecification in a defini-

tional manner that directly and unequivocally provides the special definition for the term or

phrase.

Generally, the subject matter disclosed herein provides enhanced techniques and
devices manufactured by these techniques, wherein sophisticated high-k dielectric metal
gate stacks may be formed after the completion of the transistor structures with a reduced

number of lithography steps and hard masks in order to maintain a high degree of

10



10

15

20

25

30

nunber of |ithography steps and hard masks in order to
mai ntain a high degree ofconpatibility with
wowedbozzs@bl i shed CMOS i ntegrati on schenes, thrCED$2008/010299
al so enabling the integration of well-established
comiBfp A SHACHEN 28RS, yRAF B BRaf R 3o dbing e
integfa8i9h 068 vadll-éstablishéd Sstlﬁinoihﬂucd‘ig OiAkghafishis SB6h dise tRC pFdvision of
materials for enbedding the transistor structures and
straineg semiqegdugtey aligysdn ﬂﬁﬁlb 38¢ soyrpe regiQis f shes wanfisiess. highly stressed
I leqgt
dleleéttﬁ? %I?%S i‘n%yéxﬁfi‘é&de%@; r% glcs)ﬁ)fr { E’ﬂ&tggag asﬁ L{n@ %ﬁﬁ or this purpose,
the ;m@dees:teqmenﬁ €dr nphmegsat\/\lehshomte type wf rgam;j eteheodmvmmge may be

evi ce regi i C t al has al read

Perfoeae °B ﬂeﬁ/'i’%gofgmésebpy % ArPSps S ou HGARGINg the coverage of
dev1c%0fé‘gﬁfh"s' Bnajhlcﬁxaﬁ%@ﬂaﬁfgtafeoﬂﬁs %Ir[eé{f)l HE& | %ﬂ@éﬂ Gfd/Bf $@bstantially

in which this type of gate el ectrode structure 'S
maintypng préoaventiaml gate qd@mfosic rsarnctsreofn ddvace areas sp oindkibndpis type of

. t{ﬁ% stor_ el enents @f nsi st or operatln ¢ ¢

gate g r SHUSTY© A élPPIQPﬁb?EF °’i/ tpzf TR Fuck”é‘esﬂf’l"aﬁ’ng ransistor
eleménts sGENSRArisistdrk Wpeératibs b AfnB8erdtety Righ 's§ iveRade afldeKe like.

of a sem conductor device 100 in a manufacturing stage

i n which basic transistor structures have been

oﬁ?&r%él%%g?%rﬁpgnciall?rm?ﬂ}agf{g a cei'nPse eé{lglga:f] vg (W 8? 3 3¢ % %cogallictcg device

100 igat pamifeatringleagd miwhicheasio mrahkletob asuGueb havdﬁb@h dompleted, i.e.,
dielectric material and apgroprl ately selected
S

any  highy | teRpRrRBIG | PRYCerate rhaYF s berd PeEorped | tp ddewr it formation of

sophl-m ggt% el Eﬁ&d%”&i ks %Vihgebéggoomyhlgﬂrﬂjﬁieﬁ%tr?c material and
whi ch may represent any dppropriate

apprq;matalyerselmtedr rm:talfcontafmngnm@;emherasabmweoualy described. Thus, the

e STRESILELE” PIEhy 580840 8BRS, LOHElo

apprcf{}i’faf@ Bgribh R Al %}dfohhﬁ{ge@l@retaf)@\rbsé §$xﬁfcoﬁhl§ﬁ&nia2erlﬁ@asuch as a
50p, which may represent, in the enbodi nent s

Silicoh- siah b ol Yt Gppeapeiaie Sitandeir trasersh §urdogming thercin and

herehERREGHI Sebenss 4580 1000, PEERRLESPRIGH, e shBSoimen: showe. an

N-chanrfel bragstobases Pl-@’lbéﬁﬁel thamYiston Cﬂeblp”&tlﬁélbe Mt SFRSuBd bé@bkppreciated that
such as germanium carbon and the like, in addition to

the sgmicoagwropiayat d0dopeant ifsiparavele Pspvided avlai yhieqrgbasp layer, may
1nc1u5§q}ﬂllerre1qla{e?1ta§5%kd?%g O%&ﬁx%_: r?ﬁ SR bnd rtﬂ% &S n}a d]‘dtﬂt?on[ to any

transi stors éxanpl e, he é
apprapnmawndopahespgecies So1séstablibhing tl‘myequﬁmb ﬂatsnal and vertical dopant profiles

senlcondu or_alloy 118, be provided  in
in the HP%I%@S:@ abiiRophorziiaing i R LI thegransistor 150p
may 'cBﬁﬁBﬁ& @ Q%ﬁbérﬁﬂcio\‘ R109T 1 %L WHibh 'n'i‘ay'ibé haohetd rn?gl')@@orm of any

7, which may be conprised of sili‘con, as silicon nmay
apprcmxiatdasetmepmlmgmr compound/@r indudeandesired hmeg!f straitr inex channel region

117, el SRR SbaHiebor SIIFR MEY SXhib & NERLiFapevapiaon of
charggl dah‘?é?%&ﬁhWhéHT{)ﬁUvidéﬂ ih Q'strAined GRR NBbr inkARE, $hé@§emiconductor
may rovi ded | east in a portion of the

alloyrlelsSpevdvch/enayr be 1 sileprégarmanivme glloyidorl aP-chansek iransister, may be

provided at least in a portion of the respective drain and source regions 115, wherein the
semiconductor alloy 118 may have a reduced lattice constant due to its strained state
compared to its natural lattice constant that is greater than the lattice constant of silicon,

may thus induce a certain magnitude of compressive strain in the channel region 117,

11
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sem conductor alloy 118 may have a reduced | attice

constant due to its strained state conpared to its
woaa00/03d230 atti ce constant that is greater thanP€hEs2008/010299

lattice constant of silicon nay thus induce a certain

t ude [ ive in the. nel

theref§ IRt B afbIRY RR oS e T B R e rpr S PE R p e C i ipucing
mecH¥RisaRPMagi i pebviduat upt}féet’raﬁdi{t@ﬂsntsmxd usopg d?&aa@ &i&he overall

may be provided in the transistors 150n,
process SEAGB g That is dorovibigen-baspd draasistos devicesa sﬂrmt’carlson compound
may fogtor%téd dﬁ‘lﬂe R%%?g'n& d’i‘:‘?éé Isegibﬁ %?Yﬁe t?énsxs SHOnQ%UnCI%H%%}umg an

source re
N- chaﬁneﬂ Imantlstan and;ttmrlﬂads Q&llst‘lﬂﬂ:sS emimentwm g:camqhhs:imayl ibelemployed
istor and the |ike. Also, stress nenorizatiaqgn
d“f"tge‘gﬁ ﬁqra@é@n Rhiheransisiors asrel sndoyving at least ope s Atrapsigior with
acerta'tr‘?ﬂé!lcsgt&'iﬁ thereby endowi ng at |east one type of
transistor with a certain basic strain. Furthernore,
the transi stors 150n, 15Cp may be forned as bul k

AP S 5 RPN b TRl O RIS, e, e

semlﬁﬁﬁdﬁﬁﬂoﬁ hayeyhioh E}n%)n bO&i@iedCs ﬁ%uﬁﬁﬁﬁt‘td‘llyccrgﬁﬁlli‘ﬁg stuB @@ faterial,
of the device 10 the entire devicé 100 may be

whilg o other @ﬁeSt tp@cvti@steylcsfreaoss of @erdemeulﬁgutr sheoentirgdeyice 100 may

arc:lte u V\,htchaburl ng. |l ayer (ngt .
ve. TS g SR 5P B Bt . (SEH BohiGuuBy 5 ol o buric
insull@f% lah&rr (@evshiownd atly befpréviged belowithé SdmicbmdiRirSayed@02.

150Cp may conprise a gate electrode structure 110

i ncluding, for instance, a conventional gate

di 1@!0? tv[=:1l %atgptgtetﬁé ?Hanéligtgr §Hx‘éﬁ'ts‘f’1§0 %%irﬁzgn?ogéﬁ%ﬁgigaw electrode

base gate | ectric, bove whrc
strucaoe\ €0 irchntihg, fat msahee:;tarcmﬂl&emmimt gatk di€léstris uedteriad 143, such as a

... pol.ysi]icon, mater,j and the | | owed by a netal
stic AR TG GRS, delecision Bare Yy B TETroR §dgronal gate
elequoH@ MiR¥rifier 10708 al [S(hgsﬂ&ﬁ‘i Mhar?d] %&Wl&@%oﬂﬂ@e@fbg a metal

the transistors 150n, Op. Furthernore, dependi ng o
silicidé eegmrod;lstss Ssnﬂat)equtalaslhmd@mldmssbleﬁcwy derfooned o theé4irain and

sourd VegRinr e ponsiarS s Eagfe Attt B Stestote Bogrdes B i process

stratdgly, &l Gadveall SpdeBYy stﬂ@ctﬁl@r I'lﬁﬂrrﬁg b prd¥@dddSoRfthe sidewalls of the gate
wel | - establ i shed process techniques. For instance, the

electgpgde stragtares dd@e structures 110 may be formed on the
basi s of sophisticated deposition and/ or oxidation
techniques for formng the gate dielectric materials

11131;e sdmamiduc@n deyipe 000 asdhewrhindiges d ammyy lkbefomb@ oh @ik, basis of
as be described later on with reference t
well- F?‘@*dt%%d pLocoss tsﬂan%?s 34T PsEneafhe pate gloHPLS stpigpwes 110 may be

formlf*d bR ﬁﬂarb'%t@ Yof30 Hadt&gtmhgﬁ' ﬁﬁd/gp%fmg?uéhs%ghﬁlﬁﬁes for formmg the

orm ng e ga e e ect de material 112, I'nstance
gate dmldctre: thateualsfllﬁowtsreﬁn a0 ap@opridthehickikess nidyxbe, sefdveed, as will be

A R N (W MG N
lithogfﬁﬁlk'y iR etch techniques may be used for forming the gate electrode material 112,
for instance, in the form of polysilicon and the like. Next, the sidewall spacer structure 114
may be formed, at least partially, so as to act as an appropriate implantation mask for
creating the lateral dopant profile for the drain and source regions 115. It should be
appreciated that a plurality of implantation processes may be required, such as pre-

amorphization implantation, halo implantation, extension implantation and deep drain and
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creating the lateral dopant profile for the drain and
source regions 115. It should be appreciated that a

w@bawaBizey of inplantation processes nay be repoi/Usm)s/010299
such as preanorphi zation inplantation, halo

i ml tion, extension inpl.antatign d deep.drai,.n .
sourdg, T &1 hor BX1E0RE Yhe rERIAH Aimotiy WAt GRS S4B previousty
explaifdtlp ieXeftioiRacy ofi edspédiveMalPingplhtbisdry depeRiabh @ apprlopriate work

efficiency of a respective halo inplantati on depends
functingn ah aga% slseirade mesH lstiflutecbe dormessd whemreplaging tthe gate electrode

i | Q- f Ry r [ g :
souclFL £l ' bph G40 RS Y0ERCTERUARI GO permor, during
the fdrmhtdmt raof ctheetrahsigad atradtarest L0, FOpt hershowa, dher bngnore high

the formation of the transistor strucfures 150n, 150p

temperatuge JFRmeRte BRY msr EMITEh {EnisIRAEGr Tt dbkptng dopaRly and re-

crystQﬁzfn%qug'izﬁ@ati_oﬁﬁﬁdlh&atcﬁﬁfé?c ah@ &h@ﬁﬁé.Vﬁfghfg% HOREMISiIRAEkE regions
recrystallizing 1 nmplantafi on-i nduced danage and the

116 andkél1 Fayabé¢ yornddeinmetcammsan piatessr with precebd Gpasemoetdrd ladapted to

. e.forned in.a ¢ n prqgcess. Wwth pro S .. .
obai e diSinef cORgusttish SN Bresdt A eHE iaas FeetPri i, Whils ppsauiring
an ad@iptdtloR SR pobési pRarhteishorB8IRaal dilibideWBkiofis NA, since these

requiring an adaptation of the process parareters for
regionh avillebearersened; ea rlaigr ampnufaciuring sfege.t Hes pravigyisbnexplained, the
esped, pBh TRl B BB Dok BLEREs 16 forming any
desiréd stisin @ scin@Bihesh&isnhe) Gutld @s poyvidin@ QRS SeraRGHENEGSall®B 118 in a

form ng any desired strain-inducing nechani sns, such
portigy ofy the\ Arginnad: sparesetegionn ddét orhismayyberagomplishede fqrj igpfance, by
£t .ai j : S & .
form{hg £ AR LUL BRI SRURGY ol DL Bk SPuge SRl Seffle B rocoss with he
desir¢ecemiconduaor eHoy yonndieubascst of ianseledtivg ecprtadial egfrowth rghnique in
the recess w tg.t he .desired sem conductor alloy on the
accordangevith wellssia Bi}}egéméﬁﬁaflg&ﬁ CMfowt h t echni que in
accordance with well-established integration schenes.

Figure I b schematically illustrates the sem conduct or

deligers 10 0schematidallyt Hiustratdy dhe sdmicondfctot devieg Hilage,a further

i nwhic sacrificial.material . 119 is. formed to
aavalgRd et et §¢ i fie i it 80 §F g ap enclose the
transBtd2$ 1 5@, 9508, 20neveiv dacetdt Qup H8er 120 RIARBEProvid&l icddaBle a reliable
renoval of the sacrificial material 119 in a later

remopglngf gher sacrifigiab ayerial ThY gmar latar ananufastering stage1 gTheyacrificial

i i . 0 a i. .ari -
mateff MG DD LOUE Rrnal¥ R UDABHIAL SnlTBS, it gs siicon
dioxiblgsthat oiayel depesitealobn stitebasie of mietjusmblishednteeltiques, such as sub-

subat npspheric chem cal vapor deposition (SACVD), high .
atmogphiTEL CYCTRICAL KAPOE HRBITMN ChEnY P hl%ﬂ@fm@f@éﬁm ¢rhgnced chemical

vapoé %&%@én?ﬁt%) RAthSb&hs J%?,"th@ﬂ glf%yaléﬁ 5:%usR8 fHSRE formation

ormati'on of an interlayer l'ectric materia
of ani mtesklybr dilezlyid slateiaCMO ellezstablisheelsCMED Sritéchniques.t Sémilarly, the

etch st | ayer 120 .npy pe_provided in the formof a
ctch pf Jas5h T2 BRY 0 PRRPRFH e GIPEH haoBEn i maiegal. hich may be
provid&d'th SHAE Sasth WthPa d8fiedaypd ¥P huRhsi¢ BiréssNSUch a3tdoBftessive stress,
such as conpressive stress,
which may be accomplished by appropriately selecting deposition parameters during a
PECVD process, as is well known in the art. Next, the semiconductor device 100 may be
subjected to a process for removing material, for instance, on the basis of a chemical

mechanical polishing (CMP) process sequence.
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whi ch may be acconplished by appropriately selecting
deposition paraneters during a PECVD process, as is
waowedov/okn2emwn in the art. Next, the sem conduct oPCTHES2008010299
100 may be subjected to a process for renoving
"o Bl ochOot AT AN ia@ind S6nREM &1R et NBTARBLa correspond:
ani cal ) process sequence. Frgure I'c

ing Csvzmqmctess @éduysnd;el Iwm&hr ﬂlh?Sndlvhkﬁa sﬁmt@nﬂtscépoin oBiohCe cdd3naterial
ter. a corres§)ond i ng process sequence, which may
of th¢ ﬁi&rl@&@ layer 1§ n@wﬂ’egﬁ@gveq 911 thiibais of 8 selectivsr EMPAECige, Wherein

[
the eicfsBFdhyer PARay B ac b FTMP P BP0 Bl 24igh Hegree of
contrbﬂﬂalhtgyoﬁt}momtdnahsemo\@ll/@rmsqa Thygeeaften apfunthed éZMP Istephmay be
ee of controll abil. fEhe rrat |aI renoy

de of
perfcPE S TORHER LAY PURTANIARY, nf SElcCaN SibeRes fotiie material of the
etch R%ﬁ QhyERd 190t e %Qé&?t%ialo'lay%fl beitoaRhi altey nfteal SSieRE ¥giohs 111.
h respect to the material of the etch stop |ayer
Consm@bntltyh@egatmleqtmdaImatawé 112 tsaydrecexphsednhst this aiditsindbCMP step.

o w33 G Sort e BRI e bGP LR QBT LR i s
criticil Qi@ they aﬁigy ®eiraplaced Bta hiphly esntuctitg ni@ér@hthaingt Buperior
e

gate electro structures is less critical, since they

condugtivityeconepairett iithsycoaventignply gate sipgtrods, magasiabAil 3| theeeby rpgovxdmg
RS r

mcreﬁséii %]dhagw@d g@g&a{lfeﬁea%eﬁgﬁélgﬁg%ﬁe g1 gaft% %?%Yr‘éﬁé s80&bre may be
redudeﬂ&bmﬂﬂ t0 einclindrial Vikight ofahie gaﬂefeldched@marcmhﬂes Inla(b ght of

the gate el ectrode structure nay be reduced conpared

to the initial height of the gate el ectrode structures

11Bgufe Hrfchkzﬁil @”ﬂtds&Q{eL ythé'éeHﬁ%Jrﬁh@tg r {ddFice 100 in a further

em conduct or eV| 100 1n a further a vanceg

advaneeduhacfantinig shgeg & whithwinietdh maskel 2dhmaybk phi¥idedafor gstance, in

the CGRE R TCHo oo RO FaR VR B ot PEr Qi Pe the other

type bh &aﬂ’stlﬁ&r mta%/ﬂ)% &bodddabd flfivéeithRenti&RoRedotseledtively remove at
sel ective etch anbient 122 to selectively renove at

least Iﬂme elaetrogbet Ieat@n@lclt I20da theagrabodimentishowng theffeansistor 150n may be

expo§ed tto %ttcﬁ ﬁfc’n%?ﬁ)mg% lilﬁfl%’li]SI Cehes[ab?‘étb gat;{)a sxg gf%ﬁ -established

plasrﬁehsaslaasecs &f forneelectbelyp@ichinp efbr ﬁxhsamﬁa, ;hﬁfjsmcdmnuaﬁm With respect
selectlve etching, for instance, polysilicon

thaematesiall ofathensaceifigial dayes It feandather sPareroyinuchige 114. For instance,
respe’gﬁ% }Jc éﬁgzéreée?%’czlgel&ﬁ?l@gg rs%??re) s gc\E ug Ee}{ ?}E%g‘? %ﬂ'é‘ihcon dioxide
and siliconi nigidei thay ba ulmt forithis purpdsbe Wreemcmeaftc}siambxennlzz may be

estabg%}?eégggha;/gpéélg; e%rr]qezlg ‘rés{ogrﬁp&ﬁ% 33 %gr | oé]eb@moval of the gate
elecn%ﬁte %‘i’zltéﬁ;helCiszHh & G@IW s df ‘i’ﬁegﬁﬁa%exo&rdc‘ﬁﬁ& naRy MQre@bérOchrtam
rel1abl e renoval of the gate el ectrode nateri al
degre_‘clcﬁ_f 1s<mnepry dtthe prieess! 122 mody albe pryyadses cmanrudttglc@oiimtder etching in
ver, a certain . degree of isofr t ocC
speciligeRiEs oS P o NIRRT B B P elriBIe SRRy may be
providBd 39 Sdréd epSIQMh&S & WABbe EXfS1Rinad 1dt&ObPivihteREARE to Fikures 3a-
3 whi ch t he gate el ectrode structures may be
q.

In other illustrative embodiments, the etch ambient 122 may be established on the
basis of appropriate wet chemical recipes, which provide the desired degree of etch selec-
tivity with respect to the materials of the spacer structure 114 and the sacrificial material

119. For example, in one illustrative embodiment, a solution including TMAH (tetramethyl
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provi ded as shared "polylines,” as wll be expl ained
|ater on with reference to Figures 3a- 3q. In other

WO kdowms23d i ve enbodi ments, the etch anbi ent 12PCTrEg200€010299
established on the basis of appropriate wet chem ca

[ ec whi ch provide the desiy, eqgree of etch .
amimFE Rgarg s b B L. ot PR e o b potolthography
develpac@htesil, which fsd dtéhéndlidonawisacprotided &l highéedonaéntdalidns and at

For exanple, in one_illustrative enbodi nent, a

higheg dempsratiresn oy visy siaap digxdds anebsiHgormitride ajerhighly resistant to this
dr o b , [ ' '
solulfER ST0f ksl PRHORfimcly 0 e Weptl 7 TBIAR, 3 oBaer
appréxXima@dN8OitErespltivii adtliconretdh gikeof approsiniately 28 Men péxchoaik, wherein
hi gher tenperatures. However, silicon dioxide and .
the sglectiyBy 19 OKXidge isa@pPIoREMIGlYr @300 apthile othenpaleddiyityt fomitride is
.1ap { Jat zent ' -
spprGinal7 3060:  SORIGENIE. e, SRARFLICR, aRISHt Riuerddil may no
substahtidllyr attaek aésistppateralies elay tRSetemmpask My eyenfeprevided e a resist
selectivity to oxide s, approximately 9200:1 while the
masks glay oof b supstagtigily pfagked-s appr oxi mat el y 30000: 1.
Mor eover, since TMAH is a devel oper material, it my
not substantially attack resist material, so that the
et It khordd Kurtlet be eppracipfed phasvin dthetr assea theagclsmaskabXk, mappe formed

b tiall ttacked, It should fyrth b
so e B SHBR 508 2 325 AR S g s
to refBvd ﬁfe"%f& dectidadtmdtéal 1N 210 itfd @ansisedi STPY ADEorfespOsfifly selection
while the transistor 150n nay be covered so as (o

of whighriraasisthemgaithe espesedrdudiag it pracess 122amay be made depending on the
etch %ers?sﬁ%tgto?ra I]’létgip USé% Po? rfé@%‘plﬁg %@ ga %eellgc?}o'dg r}nzﬂgrj_%gl' l(ih That is, as
ransi nmay be eXxpo rin he proc may

tor rocess

previbeslyegplatiep ediffertgt aietdlRon@initg hrasrild Mdveltygitalty b&harovided for
used for replacing the gate electrode material 112,
the trapgistorss150as 150m\dug ie ithe edaprationed, thejrespeqtivwork function, so that a

| LA j i : L
AR OE OB 8L LR D 199 i v s
electadaptaciune 140 mhe beepgrfared eonvtlidk bhsin aif i 0 metAecontaariing material

.subsequent etch.prqgcess far renpving the te :
having & BiERGGIE FRYSIN B DA% (ol amplas Mingboiimen) ghawmp domay be
assuriéd Hiat WeemédhflcomYinRfy Rafetial e afed [ (RA&aSsiQbr 850n may have a
netal-contalnln% materi al having a high etch

high ewhirssistivityyin aByubaeguent etelx arqess, camparpd teethisauétaktotbe used for the
sho it y_be assunmed that the netal.:containin )

wansRF0g) VB a eSS b o EQH R R dmoyne any

byprétiels &Ftthb pi@ebsS12 b ¥ny fesRluss! BF BEUREpecal € BtcArdA&S, which may,
conpared to the netal to be used for the transistor

for instange. bgaageomplishadapn Bregkasissofnayfupie asid oeqrabinatign with hydrogen
. i . r. g i u t I, . .
prod B8, b ETRAEo o PURE O ol RERIAEEAR e
mateidili C1I3 i@y be fremovedsomatheehasis eof ancapppdpriane sklevtive leechbmecess, which
of sulfurjﬁﬂg&%p in .conbination wth hydrogen . .
may fgr asGogrplis b rfOF HBSIARSS} disingadk WED Chiglcah &eh pecipe including
hydrSffiBR¢ERLia, Nveh the RR1IGREE milte?taP § 15 i€ comprised of silicon dioxide. Since
the gate dielectric material 113 is provided with a moderately low thickness, such as 20-30
A a corresponding loss of material of the sacrificial layer 119 and the sidewall spacer

structure 114 may be negligible.
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material 113 may be renpved on the basis of an
appropriate selective etch process, which may be
waecwompd2sehed by, for instance, using a wet cheoi/vst008/010299
etch recipe including hydrof [ uoric acid, when the
di gl ectric C iliecan
di §1 | Gt - le Ssc%rég %a?ly Jlilugtratl%se ltggfs:el Cgon ugtp?a4eva3190 in a further
advapéeeMhaiadaotintitg ﬂagﬁzdﬁ?wﬁicﬁﬂ Fhighw diblecttitansterislma a&ﬁetal -containing

20-30 A, a corresponding | oss of  material of th
mategigh mam ke Brovidedele rephica be corvestignalagate slssiade structure 110, As
t e
showlh, R#AEH 125 b £ 1T SEICET ARl RSy kdbreseny one.of thegaterils
as m'enncmeﬂ abbdVes rmagdbafwmﬂd matiuiraappmpmge shiielgess, iwhieh incly range from

hi.gh-k egtric ter darretal-cotalnln .
app%%@f% réai\/Abé’ 8P ?tlféif%t‘&’ IEHioSe Mayeb %2 i} the recess
obtalﬂ@& q)ye}&mxgg%éksmwaﬁal 1gaQe e&%n%tievmuc@ré Y6 #&%&ﬁom an

h-k dielectric material, which nay represent one
appr@prlathemtdt@ntaammg a@ndacmweomettrlabdawr iy may Heofommekd to fill the

pre D BB, AL 85 RS el RS g maeria
124 Ry Bfel &1 apstoptidBi workNRinE@GEL 8§ r@c%n iRddNRA RMabliSHIRY iaNdesired low
t he conventi onal h%blt e el ectrode structure 110.

threshpld: foe throtransiser oben examples taatantadiin diitwida dpased material may be
usedC or1] dtﬂgtll Veer rl]?l e¥v thytﬁans%a)f' Pe%rés%ﬁge gn tI\? cfl&lqel transistor.
prevr ous ornmed recess In, as previo

Mor@Vﬁf an ad ,1lldidmetmekﬂibodmﬁna,l thig dl’ﬁktoﬁm ﬁiatelﬂﬂ 103X rhﬂy/ Be formed
appropriate work function as required f

betw@%‘% ths|bighhk ﬁgel%f’“d%&aFeé’él Ldhandthe channel region h137 so as to substantially

avou?rg t%lg?{:r;{oﬂfaclléﬁge hl1: dk %e %;%?TWW&? é‘éérh%ﬁmlﬂﬁ:%&qnaterlal

of the rchanmd;te:gloﬁlfsﬂh snm:prra&mhlghacrmhlecdmnneﬂermlsm skt in a mobility
n on e(!i | ustrative, enb

. , di
degrgf PR otns betag o ditech Sapira b ch PR ot5d: Blatefal e dieletrc
mateﬁ?ghl'j?\ fHa§)| 6 istancEBIegrbAled #thd Asknt BEart HaBE 8 hike gio%ver may

so as'to substantially avoid a direct contact of
be pqohgieﬁwgm & sigindficaptly reduged gnckaiessig@npdredh tq the conventional dielectric

mateBR TS ok M Mo nu@ined s S{aPE g Ry RReal oy, punge from
appré®ifiatel y 4-6d,egradat| on when being in direct contact with

a silicon-based naterial. The dielectric material 113A

may, for instance, be provided in the formof an

OX r

o THEporlEhfiecf QUAKE T 00 o BHICHE i) B fmed on the basis of
the faltowiap pravesdes.d iAdlee dierremonaltof thatonbdtiorfab gatle ri$dlenrie material 113,

ethlckne f the d| Iecrlc mat eri al

the $56?Hlsmaﬂ KEXYY fpay 08 {Rrmedheif Sedtitedn a0 chS Posiv.of aBy pppropriate
techrﬂﬁue? fk%m dsNa Rl UWhemli&l r@él’dal?i%nf porRd Qrdrgd t@rs'tlﬁe Blsis of well-

the followi ng processes. After the renoval of the
estabrbiehndechanmstaxles gaich adi d¢anartgy clmmaures i which iBay phevide a substantially

| ectr.i,c. mater

[ ired,. .
self- lbrﬁlt{qgeO)blggtll(gl Bfocgmwgép{,e%# do ea f’i‘&ﬂﬂ,‘aﬁflgrlal Ioglger illustrative

embd¥ifnefte S tHeChrevidus Fathbed) ¢ e Shvaftidnal AR hi€erR®91S may be
of wel | established
performed on the basis of a highly controllable etch process so as to not completely remove

s

the material 113 in order to provide the layer 113A. Thereafter, the high-k dielectric
material 123 may be deposited above the dielectric material 113 A, for instance, on the basis
of sophisticated atomic layer deposition (ALD) techniques, in which, for instance, a self-

limiting process may be performed to provide layer after layer, each sub-layer having a
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chem stries, such as cleaning chem stries, which my

provide a substantially self-limting oxidation
wWEe@omsR3wm t h respect to a silicon material. |PCDURENS/010299

illustrative enbodi nents, the previous renoval of the

well- ggfn l"tlﬁ‘%n&‘ll c%nesss g}e? l b%ﬁ%)bglﬁlﬁyln’a%nﬁ trfl}n%,ly 1 131ée eﬁglb E}gélfggegsneg the layer

123. 3%ext0thB GietsldvptAhiak Yndi€ a0 vieayt HeedepBiieddi, fdr lﬂs’k&ldenbf pHical vapor
to prOV|de the | ayer 113A. Thereafter

[
depogifign e€RYP2. rberti¢d| vapm rﬂ&yowomep%n)edela%wgemml deposition
t I
techngélfelg gaglhi | Ca’t g{ﬁeﬂ{lm%n]oWe tgée %%%%P?‘?%dn P&{&%taﬁ@é for tantalum
nitridedabed Maesials Wemestahhshfedﬂ)\mledcmenaya)eaebtﬂ.l imting
process may be perfornmed to provide |ayer after |ayer,
each sub-layer having awel | -defi ned thickness, thereby
ObfRIIfRY &J&ee,fcb&ahlayergﬁ%f R LK b4 Jhli pﬂsn&.la§ B rdnWed, for
| ayer 123. Next, the metal -contalning nmaterial  may be
instani@poalth@tiasuf of a |GMPamc®,ss by wihets theanaterigloof e pagifididnayer 119

enlc vapor deposi ion (CV . .
may §GUES Prsts BN A B S8 PHVGHE SeROLHatS PRy ap gliably remove
any rﬂﬁ@ﬁ‘ﬂCiEQﬂu&rbfttﬁ@la ¥13€129f a ARt OMl@gteF y Be'{serfomed wi reduced
tantalumnitride based material s I-establlshed PVD
or ng selegdytynmjthbrespesedo tiksperificialr layendl Sxdersdymemeving any metal
y 4 and 123 nay be renoved, for
reSId“JS Y%%@ﬂrgﬁ%ﬁg basis of a CVMP process, in which the
naterlal of the sacrificial layer 119 may act as a
stop | ayer. In_order to provide enhanced surface

p| Eigute; Hyscharpatically alysirates ths,semipgndysioe Aevire 1@ pfirreompretion of
the aBg'\eeh uceé&)%essasefq{fe c@e(wh% fifeS %yldlﬁls% Leg{eﬂﬁtg a selective

or no ‘selectivity mn respect t
etch pracesis f1[25 it@akerha@weathe §dte eletctred@bl)atelrmhblﬂ oixhamgnsigbal SOp selectively
reS|dues with high re it re f .
th St eshgcpen? gt leeGode siitingrt B G abe Gansisior L30m GBus,the
etch dec@:fs P RIpEIERS Odelft 4] n@@‘e\/&‘l %%@é‘s%'»@iﬁﬂ)u@ T&ifidPg coverage of the
sequence, wherein the eV|ce O is subjected to a
transistoreb30ny eheeby nedeaing process taompderitye sitee that process 125 may be
112 .of the

perfogrélfzé é\{lﬁ'\?g gﬁvﬁ ré{gé}gsglééli Of, S Wlﬁ R I Sh&eﬂ ilag%{p (14 with reference to

Flgme!; GQBQOQﬁsﬁﬁg‘ ﬁﬁﬁskihg régifads ﬂ‘faytlfeeusfeﬂ a.ﬂfdn&h@ lattdEKCBE thé Rk process
the etch process 125 represents a self-aligned etch

125 map@soshayer tookr blasked in pthet dowvica gecast in whichy Bigsqopyerptional gate
dea&ﬁgpﬁuaﬂ%éggﬁongﬂgha grocess conplexity, since the

process or med wi thout a |ithography

mask or, as w II be described later on with reference

to Fi es 3a-3q X|st|ng nmaski ng regi nes_my

wHBP H@ Sé't"f‘é(%ﬁm@f) Wpeat, éP%FFI?ﬁ‘UG&g‘%‘ Proeesd g & g%feqﬁwé as a wet
chemi@l Qﬁhtﬂrg%ﬁ QSﬂnF aostoﬂﬁfondcﬁfvﬂqmrag ev1bﬁ§l§’\’gk1%i5‘1n%(ﬁle\vhlch may not

convent'l ona e el ectrode structures are e
substamtiahllyaienmde the highek ididlecstic ataterml and dlid merd ,of tthe replacement gate

structfgﬁeeﬁf(%hr% ﬁgepgr 2¢ gcaé% %éalt%u@ gllét h rreg%as & ng thereafter the
gate BERYVIrRUAAKriSXPI3ANBE Be réthdveld dFB¥ayBX reduced in thlckness, as previously
described with reference to the transistor 150n. Prior to or after the corresponding process
for removing or reducing the gate dielectric material 113, a resist mask, which may be
provided in other device areas, may be removed on the basis of well-established plasma

etch processes using an oxygen plasma.
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substantially renmove the high-k dielectric materi al

and the netal of the replacenent gate structure HOn.
wabaes/o302be gate dielectric material 112 nmay bePCEIB2008010299

and thereafter the gate dielectric material 113 may be

CTRSFE PSR A0 ABMTRE P BBl Wt o

instahiez, of tied bais fhen coneespaidhg Waprowhith rhay ndtenbtamilgrattack the
redu0|ng the gate dielectric material 113, a resist
metalrgRatainifyg; Ieﬂeﬂ%lw fishe Fplacement 8ate siryrsure ddOn.c Neah apsocesmsequence
I t
may B B e e B oo PR R AP o P E P e depositon
of am)abﬂﬂ)pbateedlethlebmahmhg: nnmtlmll ladvmgayhda suitablgvaosk, funétion for the
for_instance, on thF basi s of

trans {55 SO o TSR SRR TRICERT Y B4 SEmQVs foipstanqey on the basis
of CMPL %Cﬁrebllﬁﬁsly‘%?érfb%e WidH RFdahdgRS Bifd @dnsRiort156n.

repl acenent “gate structure 110n. Next, a process

sequence may be perforned for dep03|t|ng t he high k

diel ectric terial foll owed t he. de ition
et e sy, M GRS BE SPFichSRRTr, go0eE 160" aeer the
com;ﬂétﬁdnabf ehyvablvd-deetibed prédest ReqlidnaBsi Ak OghowdOthe transistor 150n
Thereafter, any excess material may be removed, for

comprﬁgft ahvc eplasemente gptgselectardeymctuse ldpwp@luémg e Jugh-kedielectric
el ot SELETGS ol otk ANBHE' s F000 el Byt fyncion

wherai&ﬂ; efr retqhﬁ'edt,ah'ﬁlgetd dieleetrid hﬂteﬁhtb\/le?vdeﬁlay |Heqafopirde¢ eﬁmxlarly the
sequence. As shown, the transistor 150n coqgrlses
transysaﬂ 1208 ROMPrises 8 replacameny @2t sinctuse d 198 dpelnding @diuale;k dielectric
€15 9Rnlending! afd Shdtélial
mateh?l 1?3 cont al ni hg rrateermz?ﬁ 12t41 aV| ng%hmgp%er gp?llffae{eén material
compmercktofthﬂ sﬁnu@mre MBer mdwmetai-comtqnnnrrgmaterlhbl 2faffer instance, a titanium

ectric | 113A ma rovided. Sim]arly,.
carbifly DL Reieub D 55 RpHIPERESe DBl JBBHER oG 4b ratiisor 150p.
Alsoshrm&t &€ dhl:gaté BfeldéEid 91 3A fihﬂ)hblé p#bﬁh@&tlf 'r@qd'fﬁﬂer'l’ﬁéreafter if
3, which may be the same mat'eri al whi ch’ nay be a
requl@ﬁdf ftle esnrifivial enatatialc bifp araycbet tﬁmmdsanduttlte Unehdripyecesaing of the

cong ai_nin er|a 126
devxcte iam b % £pnt Oxgleg: se n%{isel§ °£|We stgt?:l ﬁg@%cﬁquues such as the

providipRro? pighty etresoEddiblenici matefigls absve the &anditbAI SHROSOP.
Also in this case, the gate dielectric 113A may be

prOV|ded if required. Thereafter, if required, the
f I e
S, ARG R O OSBRI D00 pecoding 10
furthermllhl;tmtb@sambcmlﬁmemls,l ineshiab|thes hgdadeaehnae sauctates il 1@3 110p are
si.on_ of tressed ielectric

r ov mat 'g
recesgl%glg basllsr gf ajse e&&ge ¢ rproqe@@) Ao @ prqvide the p0551b111ty for
dep oﬁﬁngnﬂamref&Im%m!ylé&hﬁ&i@smtﬁlaﬁqmw%mﬁm%w ¢50rL0f50p for

according to further i1llustrative enbodi nents, in
enhanding; Hot Irstaneg)| huhnremocwm oft tha clevice sl 0BICFor ml(mncar\enth respect to
essed

. .on the b el.ect ve etc .
selec I I0BR A SRErTRIE HREE TRITIS PET 2B SBBLRFS Ao of Nexibiliy
for sdlettinB@n app %Eﬁte(@ﬂﬁé%ﬁﬂlk’@y foHsBlet@Vel | FerR@ifg 3R acrificial layer 119

tranS|stors 150n, 15Qp f
with respect to the replacement gate structures 110n, 110p may be achieved. That is, after
recessing the replacement gate structures 110n, 110p, wherein also the high-k dielectric
material 123 may be etched, which may be advantageous in other device areas, such as
shared gate electrode structures, as will be described later on with reference to Figures 3a-

3q, a further metal-containing material or any other highly conductive material may be
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enhancing, for instance, further processing of the
device 100, for instance with respect to selectively
WO 2009932280 t he sacrificial |ayer 119, since thePCHINS2008/010299
enhanced degree of flexibility for selecting an
p c Vi
form@EC R pRonRAFE, SNSERGRY shfln” ST b "B dions for the
replacantrcgne elecgade sehictuss urds, HODp. |F@0ei@¥plbemﬁabb©‘pﬁdtc metal-
That is, .after recessing the replacenent gate
contaérpp&ang?rég @gbl?e dfg@tedmgrtgcrﬁa FrsHY; Ry g]qteklal may be reliably
remo%dE l£6CinklaficdTBhGhd Bisis)tCVBY THenShe I?@I‘i’her\#i]é&gmﬁg}ﬁa %e continued
advant ageous 1 n other device areas, such as share
as degaibedabevd.r ode structures, as will be described | ater
on wth reference to Figures 3a- 3qg, a further
nmetal -containing material or any other highly
C OWGHCHelfdtBnd¥edoeFigates B2 D SR & EmbbdiaIeaRY will A¥hdbd aescrlbed in
substantially simlar etch and process conditions for
which h@aﬁ@plle@mdﬁeaﬁtucgm éorgledon agedanceukity eetgblisher prqpts:pcechmques
may essentbzﬁﬁy eepr(r)l‘éul aﬁ%o o { I agtg nz?c%gcﬁ gnn(g E&egﬁg%él?l aa[?ortlon of the
gate ﬁﬁytr&ﬂb fratdrabima rlﬁﬁTﬁMﬁﬂamé@ in cérddintieQice GedshevhilasinhSothdr device
CWP. Then, the gurther processi ng may be continued as
areasqiis (g Bl CEpds struaiyre ofr eifecploAOES LignTIpgL tenss Zpay @ replaced by a
t be described, in which a
soPh%g%e eﬁégﬁgggkgﬁ f@%&b%ﬁeggﬁged in accordance with
establ i shed process techniques may essentially be
gate dielectric material thereof

nt ai [
gﬁfep%*r hcﬂawllynﬁusgr&feé aTatsr estnahyiey php seiropductor device

200 (!U%ﬂﬂs?dgnfgjb'sﬂat@ 20 fl‘l‘aﬂng? Yinkdl RERDS a sWNidoBdioPRal& 202, Further-
device areas the gate €l ectrode structure of oné or

morepatensis@n2HeE€os farppdsn raafyrsbée\neqotawd ubyvhach a high performance at

{ t d h- k. di t
low BPBPR WPAGER aiurtiesi S, Erfile Falelamdl 08, Rulicy ondpat 2 sue
electtdid@Wtr@dtue SOthEPDE HplREd B\ lﬁ%‘n -RQi16Q1B k¥l Mtestructure in a later
substrate 201 having forned thereon a sem conduct or

procqswagezoilmlbalm [aetranistas, 29001 maysTepresent2eurCor sndre tiARgistor types
locat&? rF et(zﬁzlé ag V'u? %vhrlﬁqfl;h%nres%e?ur g@ eJH‘ ? sKak {u(l) 5‘1“6‘% basically

res ages pec ransi s
adapel eseent Storrmmliﬂg w&ﬁutheepbrﬁcﬁniahad rangﬂ:tn&:ned eﬁtthedﬁmmstor 250D.
structure 210 nay be repl ace gh-k _dielectric

Consggieafly gthe gatsy qlefatade strieiae 114y %fr%ﬁ trapeer 43y anay comprise, in this
manuPadfulify th e, a rﬁétglnﬁﬁhéﬁé’ kﬁﬁﬁﬁﬁ@f@&é&ﬁﬁ@%@%@%&ﬁz% Example

tran3|sto ‘types |l ocate Ice area
providbe im gdephrmi ofepglasibcal, and raogie sliglentticmeat@i:0 318, a thickness 213T

[ dapt ed th erf .
therepay Fombht $TB % watu il eobBrRediotor B 0aauHERes0D. et is. the
thickHess © 18T @&dy’ &ds%le‘éﬁeﬂlé@tag @ erfabil @E opBRtibh @f‘zﬁip‘i’gﬁ{at@mly voltages,

may conpri'se, in this manufacturing stage,
whick unay &e lnelgqrowmed to glet ée‘eb@@rmd@ thet tearisistor22.30C,f and/or the

exa rovid t he, farm of
ek T SPEEME PIo ot Pote S Lol BibicET T Of iagsycument,
as mARYbeC O instanté, hrelghived e Icaftaif NAEMOAS didas Midt the fidke. t MEshould be
transi stor 250D. That is, the
appreciated that the transistor 250D may represent a P-channel transistor or an N-channel
transistor, both of which may be operated on the basis of the gate electrode structure 210
having the conventional gate dielectric material 213 with the appropriate thickness 213T.
Furthermore, the transistors 250C, 250D may comprise drain and source regions 215 and

respective metal silicide regions 216. Furthermore, a respective sidewall spacer structure
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thi ckness 213T may be selected so as to enable the
operation at appropriate supply voltages, which may be
whr@bes22sonpared to the device areas of the treCEUS1008/010299
250C, and/or the thickness 213T may be sel ected so as
obt aj esgjr r.edu I | eaka rren

216 Y6 BRSS] EBE e Bl Biefle WP IRRRAE s 210
Moredivesa aadtifidiet layde219 tin Soibirthtion wppracerh atop Mafer 1220 may be

transistor 250D may represent a P-channel transistor
provigedan N-channel transistor, both of which nay be

operated on the basis of the gate el ectrode structure

210 having the conventional gate dielectric materi al

21Withi telkpddneo alpp cappo@inge ddscokerkss f&] 3He sdrme chierianmey apply as

the trapsistors 250C, 250D C rise drain an )
previggy caPRTONG SR F BeEele i UnERcoPt 401 BF sanfiguration of the
transis&H 50D, 29fich UGS HOURIechid SFP UMM MpropifiRhdra&PAGRS for the

structure2l4 may be provided at sidewall's of the

operatimgpefcthe wengiatos 250Bct Tlodke sehstantially ébe 2dr0¢ pkemesosteategies may be
1.s(icri ficial | a%ler 519 in. C%\%Vi nation with an etch tst i
applipd 35 Provugusly, G BAMSH YIS BAVERST, S0YPLPCeH, Stgyignees for forming a
highl§O¢RAAE Bk Rle ARSEd pate Ansilatiodl layéhfor SRERra@tikiof 256CRYy be omitted.
apply as previously explained wth reference to the
Furthgampree in this menefapiuring stagpdhe srfacguepegraphyosf thpdevice 200 may be
. ; 0 . o o .
pand B30, RA0RY SILSTRA S YT S5 LRI SLAEE 17 Kongp rocess
as previeudly @rplafiied; wR&@In thé ICMP psodess anlyibzl leMabiligtoppédon the basis of
rocess strategies nmay be applied as previously
the e&épﬂ%ﬂ la¥er 220hes RERouHBWssessed-any process sequences for
formng a highly critical oxide-based gate insul ation
| ayer for the transistor 250C may be omtted.
FuFigher 2br sshematicdilys ilhmtratesaherrsengeatdager delveces200 doea further

t opogr a of the device 200 be pl anarjzed
sdvap Rl nGhe siEs SR s iR ogfebiemBEAR B e B gpts clectrode
strucBit& D0 de Chposel ARE SherehPaPERN inPddR 29 1 56P hiRtaneé prodiRidsh fhe form
the CMP process may be reliably stopped on the basis

of a 1gpist maske cevers thegranaipor 2500 soas tp pwigcd agempainingcpesden212A of the
Fiaure 2b sc tically illustrate e .sem conduct or
eate GlSHbde Syt BT hY Bnerimigiodlit BLF 2N, AREPTGRLPERSs 222 for

remolvihghie Glatd ¢1ectebidel ragkialC2 IPBinathe @tasisidtb? 260C! Nesigal® be appreciated
el ectrode structures 210 are exposed and wherein an

that gheceichrmask 222l mayralst sevascvep dsyicaedreasnin Whichoth respegtive gate
electfdds mite RS lére t%%’eeﬁlﬁinu?ﬁedt, ra@fégﬁtstkﬂlg)??ag’ﬁg a%cbviﬂsbe][ &’escribeéi later on
pr ot ect 2 the g ode

a remai ni ng portron ate el ectr
in moratdetailal Thendmbha qfahemetas siliaideaagibay 21 ildnthination veith a portion

et ch, _process, for .remgvi ng. the_gate el ectrode )
of mﬁaﬁ%\fﬁ;ﬁ Fipteial 419 AR He ) SPRISYSCRE mpy SERGLTEP phed on the basi
of adRN-§HAVEdCMPADrdR& ﬁ% eVIBSy ZhdcuiBd. al13RGAYET arP UBpropriate

~device areas in which e respective gate el ectrode
lithograpley imdsk maye be aisbd foracoveainpettsired deeias tar¢asnpunhaasi the, transistor

250@2’{}%\4/!&@ gfocgﬁmgg b!%g?trgéraggrobgtpgﬁés%%gﬁ%nay: ﬁlglec;wg etch chemistry
for réRGAhS e Pdle WickRode RAfetiaPP12 selectively to the sacrificial material 219 and
the spacer structure 214. It should be appreciated that, in other cases, the sidewall spacer
structure 214 may not be provided in this manufacturing stage or may be provided in the
form of a moderately thin etch stop material, such as silicon nitride, which may be
advantageous for the further processing in view of providing a stressed dielectric material

for enhancing performance of the transistor 250C. For example, the etch process 222 may
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of the sacrificial material 219 and the etch stop
| ayer 220 may be acconplished on the basis of a
woeossdzect i ve CVMP process as previously di SCUBCSEUS2008/010299
Thereafter, an appropriate |ithography mask may be
[ S e
be petlilfog%g{ig) tﬁg %E{}%ﬁg *%ﬂ és a%ﬂslge% lésg’gaa ﬁ%‘%d g’tglg gh%élrs#ne% for etchmg

silicoPnint dhe ﬂ?é@h&e of namgeaairﬂabxygen ethién Clhfghtstdletnﬁ)ﬂé materlal 212 is
remvi ng the ate electrode material 212 selectively

substagjial e ComERFad Of BPOIHIERN ol Fon ot magsialy oeier appropriate etch

cherrﬁstnrlé’scrtng ge %}edd #ﬁrﬂ%‘?ﬁu}éj wRE cRERICEC A gfbﬁ:&@g fot Hls%ﬁgeeﬁased on
cases, spacer structure

TMAH, casi mvedlousiytdxpkimﬂaln lmliaycalsm ibagised an@rder tmirpphmrlately remove the

ed in formof a no erate in etc
gate E‘ﬁ‘f‘é‘?‘gﬂa‘eg%}ﬂ%s‘é‘?ﬁ IERONING the Bafs © %HPE?] “}i‘éﬁ?“’g%ﬂ ‘the etch mask

221 Ay ﬁ@tr@rﬁg\%éis fé0istahie, OHrthd 8hsiP 6P %ﬁﬁl(ﬁ&ld Bnd h?(\ﬁ‘ogén peroxide or
providing a stressed dielectric material for enhancing

any qtlesrfapproprise refovhleproeess.siuch os a ph3@a-tased progessl and thhdlke Next,

the effi el BaE FRefil 21 3PN REE LRGeS 20t M BRedo e or y at leas

be r&fu@é'd Mg thickhéx@by Ant fproprese e pfocBist fEHeMstA1RE on the basis of
gen, when the gate electrode material 212 is

hydr@l}mxcamtd as prev Wé@n%ir wrsb referenre tonthe deyice d fdr Thereafter, the

LR RTEC ARRAY oo SRBILBIL153 TP it

matefisls téyC &e bdeposital) fBVNﬂstaﬁse pafeati grsiiyg empla@pmpd:atmynventmnal
al so be used in order to propriately renove the gate
dielegtrig anptgHal, ek @8 ilieom leAf({zie Al aediggat rf§ntaske 06 dhe hlgh -k dielectric
teBACHHth qﬂ@ AR ko 227 thiiPnéit 6 dBBRY, 28y B
ma er enmoved Cor [ ns%é%ce onﬂfﬂ Easn s of sul S?@%/elnc? angppropnate
metahcnmmyuhlgogaimqjenmbej®p@sn®1 yhidthhleas aapppmpriatet veorkdnmatain for the

Eéﬁ?gﬁé’ such as a pl asna-based process, and the I|ike.
trans he gate dielectric material 213 having the

t hi ckness 213T nmay be renoved or may at | east be

reduced in thickness by an appropriate etch process,

f &lngﬁcmhmwdlmellmt@ the dpvige 300 afser the abpyk-dessribed process
seque?r.hg \rélég %ﬁcleryan?'xrﬁm%l ed c\é\és rugr]:gg gg nr;e%r?gﬁjngtbaqg d t\%/slsﬁrﬁaéérci)agsthereby
also proewding sl Makacpledi dﬂtﬁdce Ito;fbgrap?hyhl ThusS the elagsistor 250C comprlses a

material may be deposited, for instance, after grow n

replagemers g lcetrede ARERES GRC Bickidieg o Bighds disleatric quaprial 223,
posmg ?1 édn%ﬂat%no%hﬂgﬁ re- \A%ro@/n rr%ﬁ cedO @Qﬁtm‘ﬁt«ll E%?fﬂ:lg&ng material

ectric mate tht annel reglon
213 Anwith haehitksess ed apﬁLolmnambm-B)A aad aampnabpamtahmg matenal 224 that is

adaptg 18 sy 05 PSR GHEEIU VP B I T el 1505 04 the othe

hand Fﬂhg WaBsidtor 26019 '&Hp‘fﬁéé the (gaté'a&&tﬁ;cﬁ%tﬁleﬁréjfm %%“%0& without the
ter the above-déscribed process sequence and after

metalasnycude rogiah 23d ooebsling thei patioh @12 Acarslviha gnitial gate adielsctric layer

213 material, thereby also providing a planarized surface
"topography. Thus, the transistor 250C conprises a

repl acenent gate el ectrode structure 210C including a

hugh-k dielectric material 223, _ '
igure 2d schematically illustrates the semiconductor device 200 during a selective

etch process 227 for recessing the gate electrode structure 210 and the replacement gate
electrode structure 210C so as to form a highly conductive material on top of the gate
electrode structure 210, thereby providing a replacement for the initial metal silicide region

211 in the gate electrode structure 210. The type of metal and the height of this metal may
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possibly in conbination with a re-grown or reduced
conventional gate dielectric material 213A wth a
w0 boooks2ss of approximately 4-8 A, and a PCT/US2008/010299
netal -containing material 224 that is adapted to
vi de e u W Vi I
be s %cgendsg)s { {B 3@8% 5 &%&{eﬁ% %l% Eé]?dﬁﬂaw y o?rt] eﬁg rc]agelcts %)Hg structure 210

w1thé?di QJ@lrng’ﬁﬁhbﬁ:ﬁSto tahe paess by diaried by tthé thethl Gilicide process for
owever, wthout the netal suicide region 2 11

formmgcﬂ@dlinﬁ@ tSHlsC‘%Fetgil‘Hﬁ 2l theddiape apdsopee 1gaoas 215. The etch
e I

proofl S5l Gl BBl s, SRR ERL b sy hogohy

maskseindcmay/ meed:fofe pnooeshe 2ktalf afr the enﬁslsgatg strhaugm H)C possibly in

el ectrod ructure 210 and th pl nment  gat )
comigngita BHE B, HIER it Gelsrie Bgiesll 203F siiaha Y g §ovantageous with

respeeP RAGRE! & iEB4RAd, JhcHPRd dHaRdOfatd Ql‘?:cl?ﬂ@deﬁel11‘13143955t vajﬁe described later
structure 210, thereby providing a replacenment for the

on withj refeséncao diguses 4- ae Fey cmnﬁlt;mhlnrmehbaagdteeche¢®mwtode may be
ure and, t he
usedy o SR Tl & Sl fnd! nifShiBod Bspetforssesq i vhish polysilicon
may hb@hseftfigelst invinbyed fwitheregpdce & alidondlisliae cw &ilgchd nitride.
mnthout being restricted to any process margins
Consgavantlye dftsy forBingerespecsiye clieerssey oddis @ desired odapithgan (agpropriate

condgcg%\i%lo rréa%g%%d @lf{lll: gg :{gﬁtaﬁ#lgc gfslll§gtg§,7 ggﬁ%e? Iﬂlﬂ ggﬁlgﬂl fiSn with barrier

matetihls aad tied likes neaytiedkiiterinin, thé eecpsses 66 ARt Nﬁtﬁlhmhlglﬂmconductlve gate
l'ithography nasks and may therefore renove the net
electppde sHACES éio,g\g}pl@h ssfl}llf@pmnéeQQ@gm%gg% |0§ Ililenlnltlal gate electrode

matevﬁfl]‘ghfﬁﬁa Qfko aghthE hﬁltlgil ol E&t@%élk&nﬁw&fé’r'ﬁb Zﬁereafter the

vantageo S Wwth respect to other device
further pms¢ssmgcha3abe stuatireed gyt remel mgt mom(cbssrmstal der instahceoley CMP,

escr.i bed,l ater on ma h .reference t ures - 3q.
SlipB et Gaichal BabEls BERe Aemeaten: cieilyain layers
otheﬂJ&%gs thersabMSdian fRtetial 9rmiP be FBMRREd 95 &hahle! s Idep&Sion of a
etch processes, in which polysilicon may be

highlyestressef wsitsrial cfop instangg. tfor enbepeing thepesforingner ofiths tramsistor 250C.
and silicon nitride. Consequently, after form ng
respective recesses wth a desired depth, an

appPR@pralsdt ¢ een dubodigeni@tibisiated stBhrefsreh@t@lRighres 2a-2d, an
tungsten, copper in _conbination with barrier nmaterials
effwl&nfd PEOGESS] meenq?aylab des ¢stablighgd, withea highedegree 9f campaibility with

[ t t r
comv B P ARG TN Sl sBtcin gl bt el dtdE L Bmpleion of
any hrglht teaipegatre ploecds) cdelenan esoingl dé\Zth amiis,alaspnrhals dfhehe initially
ially forned gate dielectri tﬁg
fab “eﬁﬁ gate prEycturefpay by maofai @&@i §“‘H§ PER§EY - nued by
renovi ng any excess netal for |nstance by CWP, and

depositing a dielectric mat er i al prior to formng
subsdetenenaeso Higurenda-de, ﬂuatiaetr Blustrativst dmabodiments will toe described

sacnhi ficial ter al 219 ved ble, th
in mgte, detpily B’h‘”&f aP‘i’?Fi;ﬁm RSt 9 é? ﬁ%‘{fg’nﬁf“& 5"5?% & with' reference to
FiguieB SbaACed DANC SANARE ubd AME nP§Bec0EsAbIGed Qb ak 6 obtain appropriate
transi stor 250C. "Thus, also in the enbodi nents

replap¢mnenst gaig stiucinres forhighe pedormeance Jransistops operatiag at low threshold

voltages, while concurrently maintaining at least a portion of initially formed gate electrode

structures in certain device areas.
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efficient process sequence nmay be established with a
hi gh degree of conpatibility with conventi onal
wa@reoanzses, wherein a high-k netal gate may beCT/082088/010299
after the conpletion of any high tenperature process,
{
e 10T LA R BE T BuBpb ot B i armapytocrie

taget Inf aulgho ués;ieb@vee iitahgistop rewﬁé&ﬁs 360h ) 35@5 eihdN3SOD Qare substantlally
gures 3a-3q, further illustrative enbodi nments wl |

comnieteé,etsec,rth%rqrwsms elenratshave experjgiiced apy Bigbdsmperapie geatments
and GETET P RS HEREIRT Ml ol Mol phP Al el DOURET comprise a
substrate @flaaml appmiqpndadter taypt 802nwherefygtia s;;hﬂwembodamehtsr a buried
. hi.gh perfgormance transistfors operatin at I . .

insulgifg JREF oMaYgBS ProAffd Lot iR ERFEFSP AR Ergsit fRnbigusgtion.  As
previof@$ lexplaRRid! tRMbuifed! iRbdiAdg M épﬁﬁge%ag@eeorﬁitt%ﬂtd'rqgﬁy be provided

strictures In certain deV|ce areas. Figure 3
only soheemtain davicy ar¢dsudepeadoy an gbei dwrcdumgmrerdew ceF@d@rmore, an

1sola{1?ré§t§lﬂnc3{x]rgi3%§t gr Iaﬁ@scé %3ﬁencg é%&lltg)rﬁ]losrt%glé: aﬂzlgce:h may be substantially
comprite8 bR BhY apprypEAERIsalabflg matdial, s‘uBl@S@sﬂlE@m&ioﬁIdér silicon nitride and
el ement s have experienced any gh tenperature
the likee srayelift Broaifl¢dt theseparRie, arrrm}ye xieglomh@ hayiag tayr sppgopriate base
dopaﬁ{ erﬂ atﬁ)gggﬁpfonyh% tgg }/Tﬂa@%%tgu dhaﬁfﬁogl?@’ 5@%‘% rg%vﬁn 305;|;f having an
appr(bphaﬁeo mbper[tbadicﬂﬂfdtﬁm forbforingith iths lmiaﬁilstbgs Bager BOSin¥ence, the
provided so as to_represent an SO _configuration

tramﬁéorﬁr%iﬂnoasawrmp% Neghanpele rangistars While| thei Wepsisigrar 350p may

repreg&gﬁ PTBYanREl &&Hsicft&é RorE&¥%r, q&‘ tﬂé %\ﬁbg&%eﬁpg%wﬂq tl?ee{rﬁlﬁﬁslﬂors 350n,
devi ce areas epen I nNg on Vi ce requl renents.

350pFuay hemposeerespattive obmpomtssw unmtswtaas 3ﬁ):4ud1hgra sharetlgrateelectrode

h i.sol ati str ctu
strucfigh iR 5 alfSts e gt sy J0apdo hev e artive region
305pm¥d? lek AhpleS theRh@®d Fhatel &&@ro@é QurhiélBre FOS! A reprdsehOfcéiflon gate
the like, may be provided to separate an ‘active region
electg@grstrusture fgr an Mberwst |telne8®aseendd@> Faehanpeinwannisten, ireypectively,
for f m nsi m ve re i on
wher§615the tgveli]e%érogn apglrlrg ﬁbg is gh ov\briatnote onrcllg ago glte rgsrPeF e transistor
width @ir&dtivg. tHigthefrAde] Gt desicd 30D mdyatompiist AneasistdrS50D , which may
transi stors 350n nay represent N-channel transistors
Tepreggiit] anyt Hansistah §YRSt BadnB 30 pachiyg iegioned@Y) cpmprisHigepn appropriate
0
dopa%l{r %@Fﬁ%{o@ fgg@]rﬁﬁ’rgé%le tﬂaﬂs&t?g %g(?ﬂﬁ S%id:(g@%g?%%quﬁ@&fferent gate
diclectoichamotesistics (tampmdstoahs tram:ni;tud;l I79na3 e f@dingtahee, the transistor

el ect ode str ctur 10S, whi ch extends from above the
350D cRaY, 8¢ r AR5 RSB RODE Y iy hersby, THggHEy an ncreased

thickh&s & 8EPteSp ectub@ g%tkaﬁﬁqacg?ct FhafdrB¢ lan@ e [KUC FUf @xampPIe, for the
may represent a common gate el ectrode structure for an

transiNtar bR Ithet saames critena neaychppl yPascpremivablytaxalagnestt with reference to the
tralnsr iS%%Bbi vely, wherein the gate el ectrode structure

R Ak6) “shown to extend al ong the respective

transi stor wwdth direction. Furthernore, the device

300 may conprise a transistor 350D, which may
Consequently, in this manufacturing stage, each of the transistors 350n, 350p, 350D

may comprise a metal silicide region 311, a conventional gate electrode material 312 and a
gate dielectric material 313, such as a silicon dioxide based material, wherein, in one
illustrative embodiment, a thickness 313T may be appropriate for the operation of the

transistor 350D, as also previously explained with reference to the transistor 250D.
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represent any transistor type having an active region
305D conpri sing an appropri ate dopant concentration
wo 009082260 ng t he transi stor 350D, and whi ch naRCT/E82008/@10299
different gate dielectric characteristics conpared to
the transistors 350n, 350p, for instance, the
transi stor 350D may be operated at a higher operating
V OMo8@®er, il 66186 Yase 6, patdiG tbiurd18 [ £AR§ Ge tphdviddiest Sidewalls of the
t he respective%ﬂ?te dielectric material and the |ike.

gate plgptredestpichires a3 105, ydiile; By otheipesses, ae spager structure 314 may
crl.teri y p evi gu expl:al i t .

vve RO, RS MBI TSN 11, frmed i

respeictive drmamaridastiuneel regionts e she@aoh Rbttheheorey asmewibosly described with

350n, 350p, 350 conpri se tal suici regi on
referggip. (o, tuo GicE 0 Sngde BPECOF GlE RBITS, 50 508 may have

inco:%_@lta?gddlihgife?rp Mdiﬁoﬁmfsﬁﬁiinaihd&ﬂlsg medEdhigss, 3ust hd § 9¥miconductor alloy
i oxi de based material, wherein, 1n one illustrative

318, diebcahammug the tdtiagk me s r&pedivenyhdmehpegioprafathe framsistor 350p.
th ti f 1t A [ 350D .
HowAS, £ B o BRpB msrda iy Mt Beg s rRe et Tardns Papirigs 310m on the

basis&1QppidpriaR\semicdndu&bMatedaRs, a spacer structure 314
may be provided at sidewalls of the gate el ectrode

structures 310 and 310S, while, in other cases, the
S t,r.u - . [

F o SEpu3 e e Bl i RS InE PG biReribpEso for. he
same’ @$PAS lapply Y previABL) &xpliiaed g fefsrefdtoto gleoddv)ices 100 and 200.
Furthernore, as previously described with reference to |
Hencep thegdapiece 39 anayobre fesmedoms thsr basie of PERFEsssteghniquesoss, previously
descm_\ﬂﬁ'y refdyenck Mot rd%tvfégs HW Ghg %Ui“ kh&%ﬂl, in one illustrative

strai n-1nduci ng mechani snms, such as a sem conductor
embaldiineyt, BiBthidkmessehtddhof thy gae delacainmiaterial B &3 pegt beveelected such
channel region,of the transistor 350n.. However, a .
that { §OFEHR fithg Gt ?%ﬁaye-a@stara&é%ﬁﬂsgﬁsaefar i Ugipdstor 350D,
since! fiRNGicRERIc AalRiaPR18 N MAS rin@toPRIM APPSAbE of the respective gate
sem conductor materials. It should be appreciated
electrddatmatgfialh3 12 sppeche mainthised owbide eenlacing she gite clentrode rstructures
criteri p as previously explained wth
3HL?2@%§§%egap%&§ﬁggg§v?%%§ 100 and 200. Hence, the
devi ce 300 may be formed on the basis of process

t echni ques as previ ouslz described with reference to
t helgeey Bk eschematieally Hdbwiraighdheisemigendygler jdevigst 3} jigea further

I : Is S : e di ri
advafl ARt obola SARES: Q4GB HDRE AP e BB kD an coch
stop tayer 32k siagrbet formkdie 36ith respect ta thasapeificiahilaykn8$%, thé eame criteria

the transj stor .350D,.. since the dielectrig material 313 .
apply,ps pygvious Ya‘?ﬁ%ﬁfg’c‘??r §H‘a'5%§ Ypé‘fet fieh siop laper -’f?é)s‘ﬁ‘élétbF\PéOV“]ied in the

form%F or€inSGhEL AesilTBSEhitddle ArbferHRXvHIEh Hpaiyrﬁa@le rh?éh cWﬂHc@sive stress
replacing the gate el ectrode structurés 310, 3105 of
with f tlecknreasiof appooxxin@Edy 5-1350m. Fi gure 3b schematically

illustrates the sem conductor device 300 in a further

Figure 3c schematically illustrates the semiconductor device 300 after removing
excess material of the sacrificial layer 319, for instance, on the basis of a selective CMP
process, as previously explained, wherein the etch stop layer 320 may also act as a CMP
stop layer. Thereafter, a further substantially non-selective CMP process may be performed

to expose the gate electrode materials 312 in the gate electrode structures 310, 310S.
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advanced manufacturing stage, in which a sacrificial

| ayer 319 in conbination with an etch stop | ayer 320
worayols228@or ned. Wth respect to the sacrifici aPCT/agmos/010299

319, the sane criteria aPpIy a s previously explained

o B BB, lr AR BB 85 U s

tiallyWiirc$el¢ctiye [GMP progHss. C@Eﬁ’ﬁfc&ﬁé Iné8- s&lef:ﬁﬁéSCMF brc&:ess may grind away
t hi ckness of approxi mately 5-15 run. &
the resprelietNRigTiak, 441 hsreiex wap 1ayer 3eh ‘Béﬁéﬁj teaal 1@0@9@&8 thggidewall
spacnf}fsrtr%Etugee gply ' if ?ro@l n(&s tﬁzﬁ%del Hlte%élt%L snﬂgldte I}gglﬁﬁsc 5 i f§ 'ealcéu%gtantlally planar
surfa&/l%ppgmphgmaya& gbrangdous!| y expl ai ned, wherein the etch
stop layer 320 may al so act as a CWP stop | ayer.
Thereafter, a further substantially non-sel ective CW
prpigﬁl%%e' @Kerhgtl&ﬁl flﬁﬁﬁﬁ@esttﬁe SHRARDRAGNG: BRI’ ﬁiOe\Qfﬂ'i @9€tch mask
rials 312 in gate el ectrode structures 0,
321 fet0&! Ebcgmthe deee:hemmorrrapdn;dmg tauthe rtameistotshbSOp and 350D in order
sem ucto dVLceBOafte the s t.an. t
o prifEHT e atA Dlor T bt Ve EihAIOTeS S ML i dblengd togghsctively

remoRE Qiée§a$e sRtréiel MsteANH] 2t TR xpESaFdnk o BB, Qﬁéh; as! th& transistors
the etch stop layer 320, the sacrificial Iayer 319,

350n; hWithi xgepegt Ko ﬁpaelmracsqrrsues of éhe3aigh precesy 397.dulstaniilly the same
crltertul'] ggﬂgtagltpr&%us anE yﬂlg %E&’ r\}VSlths e aferll,]c% atoutﬁ?tgﬁﬁt Ir@éeesy 1% at is, the

proc@@ Berzr&haytaé |b§(sdd| cimstsélatte\& éth cﬁeilﬁist@mﬂtwpkaﬁm%‘déddeetaﬂambiem
with an etch mask 321 fornmed above the device area
whergigy 3 ¢erRindlegtre @f ISABORY BRI e Bied Bsrghiablyresmyp the, gate clectrode

mateﬁﬁl 2 in%nP re%(%%g %aﬁéeecl@ctf(fd ré%r'uéltu% §164hd th@ &g})&ﬁtﬂo\‘ﬁon of the

process eS|gne to se ctiv
shareidegmcvceletctredigatractateeﬂ:l()&)dehlteaalfsoiprbvﬂilr% mfceﬂmpopmdess margin for

transis evi .sych_as the transistors
undef-§ &Rt freb P L) IR HeshEEs eateeqinge Srutiis Higsdn ot cases
highl§2RlecBVd e BhéRichY etcR@hEANIRri& Ik § 'HedusB@Plo¥ iffance on the basis of
previously explained with reference to the etch

TMAGL o6 pseyiaushy expiizined.s, the process 322 nmay be based on
a selective etch chem stry in a plasnma-based etch
anbi ent, wherein a certain degree of isotropy may be

usagutemﬂ@hembdmaiuyeinusiméshme Gaiecopdeabr ae8cdBO@ aftél the removal
in the exposed gate el ectrode structure 310 and in

of th@ ﬁ@h aMasbS2d. fopinstaneqmn thadasih of agveyghemispkiecipsdwing sulfuric acid
and %&%‘iﬁﬂ ?o:ﬁ&ep 21 %L $adb %? A Qs\ﬁli hﬁgstﬁi igsg ﬂri’a‘&é&% P'Eififiehore, in

ching et C
somesitiastealivg ah&;odimﬁx mlmkedielewmt gatemafedial 31hmat be rrema&fﬂsm exposed
sel ectjve wet chem cal, etch chem stries _may

pomQ&segy an APPIYR 1Al ECh RTOese 105 nstagge, -Pypising Sygo QVP%‘EJ §F’;9l when
silico*@bRide gﬂsed: R s3ire B TRIKE @Heydléllei:tﬂétlrﬁ%f 31 % h el“hererz]after in

sem conduct or device 300 after "t he renpva
somendlgktr8Pe, enilmrdimensts awben a gliretheoriagicd ahigh- h/\érblectmnmamhal with

e R Ao, BRI o e SO RERE U6 s, o
correSpUndilRy APpBpriat® dielectric material 313A may be formed, for instance, by
oxidation, deposition and the like. For instance, an oxide may be formed on the basis of a
wet chemical oxidation process using chemicals, such as APM, HPM, which may result in
highly controllable native oxide, if a silicon-based material is used for the active region
305n. In other cases, any appropriate deposition or surface treatment may be used in order

to obtain a dielectric layer with a thickness of approximately 4-6 A.
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sonme illustrative enbodi nents, the dielectric gate
material 313 may be renoved in exposed portions by an
wa@pprogns@t e et ch process, for instance, by usP@mUS2008/010299

hydr of l uori c acid, when silicon dioxide based
materials are used in the gate dielectric |ayers 313.
Thereafter, in sone illustrative enbodi nents, when a
di Figate 8gnchahativhllg illughatds dieeeatitonductrt dvie! 300 tvhth a high-k
t he under | yi em conductor materjals of the activ

dlelef:térgl @ﬁteg%#q and, gp ad)ggqgrggp gafe dB‘Ft?'eg’@E?ﬁ@i ,354 with a sultable work

funct?cPrPrfI nsl% @ne%lgl frgtr{dd‘rgt I{Hgt fhkd gt)lggﬂr(?lfa gﬁt Er%{fﬁgrs 350n with

respdeoto a hsw duc&h,oldamolmged é'hmiyydne 323) mndad24) malyhm foased onftheabasis of

wet chem cal oxrdatlon chem cal §, such
respes v PRICEHREAR PR e er] WG §rec g B9 Sifiees 100 and

200. n?&' S&nit,dfe vahsitosd hS@P&a?Qéﬁ@séﬁ@tNiEhﬂnel §atkiR6ks| Qherein the
the active region 30 I n other cases, any

mateeipipofape layee 3% pugibei pmvrdr—d sutheforn of eaamelntn nittydebased material.
It shé’ltﬁﬁ gwl}]}geg g’re%]%{)fftﬁfﬂfegﬁ‘ﬁ’%ff ﬁ%yq%gggt%tr g) g%éerw l;-gha%nel transistors,

a respEdtBFBineGallAger i IUUShY MeeprolitRd S BT iSRRI tif rthel ik &f 34 antalum
with a high-k dielectric material 323 and an

carbigp prabpial ankthgdike. netal material 324 with a suitable
wor k function for appropriately adjusting the
threshol d voltage of the transistors 350n with respect
t OFiguted3h tdheamticdlly MoktraigetheTsemitandactor dedcafdo ARér tiyremoval
be fornmed on the basis of resgectlve process

of any SXRAT JURETY ARG RIFE HEt0i Idd MR ePe Aetoseplished pR the basis
of a RMOVEER0dA0 iftDehin % QCI\EP br&ot b Emay BE pk ghe@&%dsés%%le%ﬁ% process

may represent N- channel translstors rein
usingréie snéralicigdfmathsall ﬁ@ethna}aye bmvpdernlvmdbd form oih:m 6xidenmaterial,

f t taI nitri le mat er i al
and g fe et ant b o P oo i e el 38 Gt g gybsantialy
non-$cdi98 Hhaio Nl uieﬁaﬁsteﬁh&&srcnﬁ)vé esRpenhlerig] FBIdks above the
| ayer 324 mmy beé provided, for instance, in the form

transisfors, 330m a3 10m end b} WD naiTéps.athearansiblery i336n eumprise B¢spective
repla%? hgnqagakcgllel:ﬁ{od tHJ%]Eurgst § IQ'OI& IE‘Srréspon it qg%g {gat?ee e(f(iFOdg s?ructures

e renov excess

310, 324 aaﬁglaaaﬁentvgm:hlemdebﬁnamempDBahadcmspmSha&he sKDrfred gate
enoval grocess including a rocess that my

CwvP
electts@r:fsgpﬁ%las 0% Jopets: i Blepgaé% glestrods piguatyre HABs |aflPQ§T“a'I‘ formed
abov%@ﬁétfue rgg'r%al’j\’%g;cgrﬂ% %)Iﬁlk gﬁaﬂ%&ﬁﬁimpﬂlgﬁ@ﬁgﬁﬂr B Pindhe high-k

I de mate ereaft
dieleamirdl rhatenall 323/ iskeahe maihmgapidﬁdn locavddi aﬁmva the active region 305p

| |
still p)é q%ltggﬂvl gogﬁ%%xnonhae Ct I (gg'fe:j%égeg ggtfsége ectrode material
312.transi stors 350n, 350p and 350D. Thus, the transistors

350n conpri se respective repl acenent gate el ectrode
structures 310N corresponding to the gate el ectrode

uctures 310 d enent el.ectr .

stfttU e Sondmatelly nshils 6 aEmsTapaos eyt 3l having formea
thereBh @CIur®EL eﬁ:hrﬂriﬁikUB% P $astakea] in fhe fofm!d¥ea it mask, which may

el ectrode structure 310B, a portlon f or med
cover, in one illustrative embodiment, the transistor 350D, while exposing the transistors
350n, 350p. In other illustrative embodiments, the etch mask 328 may also cover the
transistor 350n, if a desired high etch selectivity of the metal-containing material 324 and
the high-k dielectric material 323 with respect to an etch ambient 325 may not be sufficient.

In this case, ie., also covering the transistor 350n, a similar etch technique as described
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above the active region 305n conprises the
nmetal -containing material 324 and the high-k
walc@besi2s0 c material 323, while the remai ni ng POT/USING/010299

| ocated above the active region 305p still includes
' 3. a convent
wit SR GEPAETHL RS 3 8% S AP EIA-ARERNER bl e

materlhll 32 fratnesxpobel patibaoofithetgare demmz& stfotunev3 YOB hued ma(d In the
thereoala further etch nask 328, for |nstance in

t he
embqdimpntoplustrated jin Figure 31, g ¢ieh pageesp s madh 6@@8!gned as a highly
e i
selectgiz(% g%?’ﬁgki ér’]tgh ?)?%%gél gi;??){resb%ﬂ of & @\%S cﬁérﬁfea??ﬂaloﬂ‘@h ¢h has a high
degrée| ¢fusstactivity &Vlémt@sphctrtmtfs mathlealenfahe meesk 3328thewycrifica layer 319

and 8 ¥ Elepil) PG P RloPinetia TeashyidBis e B custs Spongating usceral 324
and thRehiBhIhdlelctu®d @ediériat IMt eFbAlexSApleMat oliGSP $Edudifg AMAH, as

etch anbi ent 325 may not be sufficient. In this case,
previpudy exalairedcwith rrefegench do tthe stshsproeess 523, nzaysberiubes to obtain the

desm% g&e&ﬁl‘ftggiélgl:f#g tﬁ%g %g:ésgsdﬂ? g dl'\si\fgtere]lftr e&}ge[r gtnl:]: g}%@ 8&? ﬁléay gbft rgmoved

for nﬁk&h@é r(ﬁﬂ&leﬂﬁtsﬁrdfai plaskda-hdsinedeadhOsocksPOdrd the expdsell pate dielectric
gate el ectrode structures 310B and 310. In_ the
layeré Abo ayartremoyed oy atleast pignificaateredpced inghiskaess by oy gppropriate
Yo e h t
procelf RRAs Lo EPERSHIED It Probbfld uRCHER M BudrORhOrRP Y, if siticon
dxoxndhbmdhmtexaalha@rcodsagened. of selectivity with respect to
the material of the mask 328, the sacrificial |ayer
319 and the sidewall spacer structures 314, if
Drﬂgh&eﬁ s&@glaflgﬁly”ﬁﬁlﬁlratgsomeaée%le&xdﬁefo? rde@ice% ﬁf@ the above-
the high-k dielectric material 323. For exanpl e,
descrahgd proeass smuleuch nAnyTidatdriabesnmvelsofoths rgplacepieat gad sumctttnres 310N

ana JBBEF RGBSt 62 Bl R g R A ek o, sine
portidi ©f @BéseCatekilB #fag HeNBesddovdd 8nMRYatbe n{&ﬁﬁi\éﬁﬁimgf Q€p and may be
i nstance, on the basis of a plasma-assisted ash

replaggdoly3 §urt%mdn@thlecq;&¢;@@gdn@wé # wilkbe dessribed tateyr @ 3lt should be
appre{EEa?f (E&la{g ?égyrﬁﬁnlg&n e étéh"‘éﬁ tnf' Etgf kctr r%f?x‘&k nécthg g}é‘fecgnc {naterxal 313,

appropr
the mgtem dialeceicclaypr GQZ&Sﬁa)Omerhhﬁ hasnﬁm@f omeds Qfohtiﬂidu@ state in the
if silicon dioxide based materials are

replamt dateedlectradg sructare. sEhraliercan aRproRmale dielackic magrial may be
deposiRd SOMHHGHS f&ﬁ'}éﬁc?orelgga@(fetlg)f ok{tiAR Y %d&ﬁﬁé lcBftdct of a further

process sequence. Any nater r enoval
hlgh-keinetlacmcrmwerwtv«at}sthc activerregios BOSp ary 1@1ddBsidered ngapphepriate with
ri c_mater.

r eno of th ct 3 .ma e :
respe i 1 infipnces Qe AMion T saTse T HRLY: who Hbh RS Fpegride may
be gr@ﬁnrzﬁs@‘f&Cinétﬁ‘n@ deddrffed WtHHeRGbnte! 1B thSdSiedd, MY be
laced by a further netal-containing material, as

lgume3lele8§b¢mbfe@lllyatll@str@ﬁs the ssmingindudser aip]mcec?rQﬂ)t el a further

th t di n the e S L enby
sl e FRACNA SR o B ARl Ptor 8 may ve
deposii%a, P886ib1 ¢ iRicBmbhatioiWith 9 prdveSiilyE fitried UReISctiit 3hReridl 313A, as

e
previously explained, wherein, in some illustrative embodiments, the high-k dielectric

material 329 may be substantially the same material as the material 323, while, in other
illustrative embodiments, a different type of material may be used. Furthermore, a further
metal-containing material 326 may be formed above the device 300, wherein the material

326 has an appropriate work function designed to appropriately adjust the threshold voltage
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repl acenent gate el ectrode structure. Thereafter, an
appropriate dielectric material may be deposited or
wordwensd23e forned, for instance by oxidation, PET/ES2008/010299
di rect contact of a further high-k dielectric materi al
of thg\ﬁggspgrtgl%rﬁg)i) rlgg 1g &%ﬁ{&%%%&g 35(?1(;1 fe ge% n%ci’ channel transistors,

a tanthhgh &dl&ﬁdedbhse(ﬂ rrmttﬁfag ﬁla@&feFUSed WOIEh tespact td @n)t priogessNé€bhniques for
an oxi de may s for instance described

formipg; the highsk g;ﬁ}g:th%lqyﬁ)éfi%%gp@ theometal hy@ﬁ}@ dhe same criteria apply as
I conduct or devi ce 300
prewiégng%rt grVMad‘J\‘/"gérI:%l(ieCr Er’raa?}eu(;ég;&teilﬁ)png stage, in which a
further hi gh-k dielectric material 329 may be

0Si t ed, in co nati.on with revi o
it 5 oBReneahy b S DrsemicondUsiod dtue Ao atier femoval of
the e@%@s’sainﬁf%ﬂal VWﬁiEE'rﬂay Ibe aﬁféﬁﬁlphkﬁe‘dséﬁ 3hé %ﬁsx?'moéMif%cﬁnlques as
high-k dielectric naterial 329 nay be
dlsassﬁdstbam i Henge, & neplacementrgate siradtures3 10Res framed iimthe3e@sistor 350p,

wWhi othe nbodi.nent s different .
wherf(hshE s, 847 Bleelride ShleRist f Fois FRRPHERTh porfigRiagh SRR portion of
the niREdl-328N ndieRdiNOhdWdver, ik 18y%8s BRY al@/of GROEH dfferat hid€erials are

devi ce 300 wherein the material 326 has an
used gpay Esult &t an gleetkicalunstlatiom ofdBe persigns 324t Bx i at el y

adj ust the threshold vol tageof the transistors 350p.

For exanple, if the transistors 350p represent

P-Eigaren®ih schanaticatlrilustantdsahé 3kmivoadidbtde viices 30D during a further

material nmay_be used. Wth respect to any(ﬁgoce

selectiye ich Precess 3¢ 7-1ig WAy theisPlcgRen gate plseiodecstiugipaes ZHRN, 310P
and $UB 'iﬁlﬁ/ H@fr@éesgea}’ﬁfere’ﬁ%%ls& r}grper A thé '1§(ﬁ£thgl ?ﬁgéd’ b?iﬂ&amaterial

previ ously expl al ned ce tot Ice
layerF| 13’:\3r or 320 schbershared| ggte| ¢lb¢131d|ea5tex:mme3mn chmbuetiﬂnstrative
vice 300 aft r eno of the exce mat er |
embefEerie hE B P2RATIGHY HE1BEITUCHH Gy BUE FIACaLe Srigure 310
of thiéi G&itEt6d3SEDY therdB§NpRviding e %%ﬁﬂﬁ faatefilldlg Wi BAR electrode
310P is forned in the transistor Op, wherein the
strucing B 4Q| by aitlugl@lwe?@pdw@eswtaﬂc@qmmnmwte@ﬁp rHos éleis phepose, the etch
proce\%?1 éitrZZiorQna)?’ ﬁg \Bgl&g?gecf ﬁ Ellf 29%5888 og hin%t a%%émemlfstry, as previously
explaindd endnteferehed it@lihe Rhch PEREss 2BY \K/l@éiuldbsdnbl the manufacturing
el ectrical insulation of the portions 324 and 326.
sequencg ferdha deiet20iti cal Iy il lustrates the semi conduct or
device 300 during a further selective etch process
327, in which the repl acenent gate el ectrode
stFigateu3as s@iaidtic3llyp FAllaswat&l OBe neemibenduesesdedee 300 after the

depo%ggér%? é fa Tt%o;er;lg VI n $ng§rglat§ﬁlllﬁ#é)o agggg ggérg\%ﬁed in the form
of an?laﬁﬁfcfp?ﬂﬁe ﬁgﬁlg%ﬂa@ct%%teﬁnem bidusty @Jthmea ﬁgﬁ ‘éghdﬂ%ﬂ‘inty and a

. rocess al so renpbve nateri al
high ébgcc pﬁdempamhubtwweh 3he fusther Ipeocesme Dﬁﬂ@rd@BI@l}OO For example,

.__.ther.eb rovidin h tial. for refilli ate .
ianiyt R 8 R ORF Ao Y P petBian R Lope Raferia, or
any Otfdr AppfophibRi MateHalsBhey behisedBprévite a RBARRSCe cobhtecbS Within the

process 327 may be perforned on the basis of a

shared gatsr ¢lerdragdg seuctureehlOB: and alsesprgvidg adighly conductive metal-containing

strap in the gate electrode structure 310 of the transistor 350D. Furthermore, the material
330 may have a desired high etch resistivity with respect to an etch process for removing
the sacrificial material 319, if a replacement of this material by a highly stressed dielectric

material is desired. For.forming the material 330, any appropriate deposition technique
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explained wth reference to the etch process 227 when
descri bing the manuf acturing sequence for the device

WQo®9/0F2gur e 3n schematically illustrates the PCT/US2008/010299
sem conductor device 300 after the deposition of a

may %Fc‘ g‘%‘?‘g gsagﬁ:‘ L@ FV?’;B lle&&(g?tergné)% BE’cf%g Oél\l\arl %13" S/orXbirtl)z?tion of these

techxﬁqmﬂu CNEAME alfp & Réds@imatdrin]l ©f di¢ 1dyer 3BO 4y Be dribved on the basis of
conductivity and a high degree of conpatibility with

CMR frghpigpes e qswee&lxmgcrmedt hEhaelsi aeselpgbive P sskemplay, be used
whlclh'nﬁ‘l"é’g'blén&d?xtluroillaﬁjeonohl e st 81“' r{:ffch elagé}rﬂ@ rfol!cﬁ%er%r by a non-

on wth a cop eria
selecapp CMP st@p Eorratiatly aérﬁovmgynjomeuﬁ esbidues.pr ovi de a
conductive connection within the shared gate el ectrode
structure 310B and al so provide a highly conductive

mﬁ@hrecmcﬁhﬁbn&lﬁ/tlrla&dt& th® aeaa% S0GhR& the g@mﬁfgﬁHﬁ _BFP{% above-

310 of the transi stor D. Furthernore, teria
desci3i3al pmyesls avwcmceleélened tha: dbvie¢ 38R0 rcempsnsecsxmheyespetﬂnve replacement

t
gate glggt%xfe s&'ug ur fl:é):i\’q a’lﬁqbg %lbpr WF’%%F“;%E%B 8 @Ftete“ercérode structure
310BYRéW IchbApribds aahighghédﬁdﬁétmscsﬁﬂe&iow f@&hra'bsvameearchaé rdg¥on 305n to

desired. For formng the material 330, any appropriate
above goadtive apgive SRAP.cliertaythe metd 330, whih ﬂmtrwut D comprises a

gate %ie%ﬁr%&e? %H&@u@ ltdj gtpl?sclo}ltlaf)nqn oh né‘%n %‘TQ% iy {%xg 1In i fé Iga%?,%ectrode

matefialy 3 bE ah@ iy ﬂﬁtxﬁlngdtél ﬂl&bﬁiﬁhé 18fer @WB’ WilBNhe WederiAAS330 provides a
previously described. That is, a sel ective CWP st ]
gg region 311

highlyggpnguctiysegntcalestiodrayheseb ) sihstBitng the wnitiplemptal sidic
that lg\g/%eérﬁferrﬁ&)eﬁ'dﬁl-n g e[{/re%éiﬁlt%ﬁ&&%gq&x & nonsel ective

step for ng any tal residues.
Figure 30 schematically illustrates the device 300

SCh 08 SBTRLSART RIS GG RUTHCRE SRl S accnaing o
furthb € $PREatiVE Jn%cﬁﬁ@ﬂ?nﬁurg\%t q ?él@&?v%oé’t%hsﬁrblé&tsuﬁ% 8 1RMove the
310B and 310P, wherein the shared gate el ectrode

sacrnfaclaul@w@nlel% mgrqn@mdontp} 3¥bmay pro\gée thealsaided eticly @electmty during
bove ve e 05n to abov
the pRRROCELT. Ofor GEMERE 3 Bne MBSt Snbofinpth, difioba A Gmprise a
wet dhBfidal 8RBipsd ks S e LSRRI h§&®lachaheidelf ek s#fificial material 319is
structure 310 still containing a portion 312B of the

providad in g form of asdicon dinxidechased aratesinh thergby providing p high degree of

ccn 9 S 940 48 g0 35 T S8y 20, e

on thelfoﬂhext detviigegretybigernenits, i thé emhtsmd)p fyer B2 nt@@llsmbe i:élm(b\fbﬂt at least

has been. renoved gurln t he recedln gcess_ ) .
from cegtigrieuice prgiAng. i4p rewp @Iy Uiepy waY s Cassidayed inappropriate

for tl?eefﬂrﬁlgf‘ ngcEé%'ianSF’ (i€ 4310 2F6P E%rﬂﬂe efﬁegdl’ﬁé hﬁfstra ive embodiments

[ustrative enbodi ments during ctive etc
(not @mﬁs@le 38&h stop layan¥20 mhy bsacmofled:while by @emB¢i@g a portion of the

side g GBI R P! PROMGHAR A0S mspptacRisieciigfp Eredpfrabling the
depo8ifién idf| HaighB} kit&ssEdTROAEAE Wosch 6 RE QEPE &I VERYh&ARPFdgfishs of the
transi%tors 350n, 350p. In other cases, the sidewall spacer structure 314, if still present in
this manufacturing stage, may be maintained and the further process sequence may be
performed to selectively form a compressively stressed dielectric material above the
transistors 350p, if representing P-channel transistors, while forming a tensilely stressed

dielectric material above the transistors 350n, if representing N-channel transistors.
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wet chem cal etch process on the basis of hydrofluoric
acid, if the sacrificial material 319 is provided in
wo b@9ofosa2a0 of a silicon dioxide based nateri al , PehEsm®08/010299
providing a high degree of etch control since the
Simiprkyc e sssp8Qilverstrgssed|digledtyic aiadgriad mdyse foinbd abeye transétor 350D, if
320. %penqdi ng otg the further device requirenents, the
appPIRTALe, 4eppnding Op 9o BYREaYt WRNSHIHe OF dinothsg Casgs 3 supstanfiallyrelaxed
. . : . o ti : e ‘ _
e b R CRSB o R (nsBur 3RS, 1 Bt e, Frspgnducine
mechpnsoessonsjdetd itapprapenieder thespeakiadpyiee aien. sone
illustrative enbodi ments (not shown), the etch stop
| ayer 320 may be renpved while al so renoving a portion
of FighRe SiqdQumdrhatRARE EilluSiritbe tME €setitondctdt’ AUVEA30M after the
this manufacturing stage, thereby enabling the
completis pf thenabyiveadeneritedyprocese sequrnent eFhiaslis,cthe deansistors B60n may

e SRR SR S8 0% A AASBA B o hves

high 3dtéinsic fcoBiprdskivp loé $@nitle sttaihhdepenidingfoncths typedofStta@RtorMimilarly,
be mai ntai ned and the further process sequence nmay be

the t3BFiflgF ARYP M9y davetarmpd|terehions 4 resneptieaichly ?f%iqd)éﬁ‘_ alegal 332P

with %hecllpg%gria& x?srléh Qﬁres@@gvﬁ tb tk%hgﬂc%ntﬁla jﬁ%%ﬁngiﬁgpof thgse transistors,
representi ng P-channel transistors, ITe Tormng a

whil¢ drestrdnsisyorsiS08s badfotined dodfreaboveratdieleatic ahateigalt 332D which has an
transi stors,350n, if Le resentin h%ggannel )

approRrigss magpiudesand |typq 9! ‘E‘”Pé@p%%?tsgv@ (B8 &yen be a substantially

neutid] Qr&SUEVeS, dBpbRdihglon™BY hErabRFifRE DAY Grah§idF 33D’ It should be
350D, if appropriate, depending on the type of

appreqiagteds ithatofor gre deviot 300 asaskavm isUbigumnBq.ahhy apptopxie process
mat ef | nay be provi.de bove th ransi st or . 350 i f .

sequt ot tapE 4 pRRSHHIEN TSR s AE AR bPiie gy respective

transistRERETtS My BeDlisedN WheRAL iih is6meab&e tiy Biially @poSiteiletch stop
schematically illustrates the sem conductor device 300 )

layera3 3o mayHemaghpr et catpinpdeyise aggaow i- deseariespending dgsic stress is
¥ That.. i i

cons ARG RprRAZ o uld ARHEE BORIET ARGt TN 250n. 350p may

represay any 3dgi\perférntncerayndiave apetitigl dnnthe ibasis ©f high drive currents at
conpressiye or tensile strain, depending on the type .

low Fyrefholh Srolipes. inscpmbiaripn WHE liwgaﬁfs imstd)r saisopjerEgdenaydile the

trans{s®r B0 Hﬁg PME oft thEDRES 0F \Re MY fHIRSSRY electrode structure
material 332P wth an appropriate intrinsic stress so

310. o ths s anplaralie opdiffeentamicel grte stmeceres mayshaedresn formed, for

. WwWhile t transi stor 350D has for,ned thereab a

s, o, PR BIRAPsSR 16 W e e SR BBl 41 B2 have been

providBd 8 thidl eheApidcdsy REqRhcd BéscHiP&d SbcveBHPreatdly 68 eRBdhdeY &lvarious
be a substantially neutral stress |evel, depending on

types; pt tighsiptaet dP0R3trequirior different amisink parde3thidbnesses dyoappfopriately

Ialed .t e deyice 300 as shown in

adap{ife BRREGEL ATl Bl 1O L PR T C® Catience or
form ng an appropriately stressed dielectric materi al
above the respective transistor elenents may be used,

whas aresult; the sehigctapasies disclosed bﬁreimaqrpyid@ﬁe@@@ﬁmieae andgprrespond-
. % 1 over i i c e
ing sﬁ&gﬂg&gﬁ de¥ gc%so %?{cr% &{Eﬁ tep}xgg Iﬁcmét@: %ag% ﬁfng%ha‘iﬁy,%ﬁ?esmamtammg
other gate dielectrics used in respective device areas, for instance, for operating transistors
at higher voltages and the like. Furthermore, the process sequence disclosed herein is
highly compatible with conventional process strategies for forming the transistor structures,

thereby also enabling the integration of any desired strain-inducing mechanisms, such as
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consi dered appropriate. It should further be
appreci ated that the transistors 350n, 350p may
wo epesrad any hi gh perfornmance transi stors opRCHUS2008/010299
on the basis of high drive currents at |ow threshold
embeddtd agriconductandlioyatsiess wietdorizatidn techiityads, gat, €echniques in which
. electrodes, whjile the transi%ior 350D may operate on
active fegignssmay be St‘i’r%afftﬁ‘i“b'iag}qryh‘F anchima tbe reteaewn dy ghe presence of a
rigid SvEHEYert6 e3taBlisH & shrRinSd SBREof thePleUrBlvn¥nfifo 'u{:t‘:)? h&firial, even
initial gate structures may have been forned, tor
after thestearmoel of the rdid beerdayer, tand che ks e Fuftherntdnre thapeocess techniques

disclgsgg Hiitioe Gy ot oie BMHBLEPT DL BTDRLEn ayty gethepyblidied process
techrR8 AL PobiPiodRp! A1 Sppripefief stisASHRIRrk ARfAal above respective

requiring different initial oxide thicknesses by _
transigpsr Jpimeais e sychadastuah gtressed rlinep eappraashest enhd rthe K1ke2Bubstantially

iy S S8 e b SR sl S some s

embodhERS BB dEIgCing Bf Conwintions] gy elefodd b@lictereablyehigh-k dielectric
hi gh-k netal gate functignality, while maintainin

metal Rt Strateres|itaaye ber accempliched; an rthe duastsi ofe onby iacemall number of

) ) i t R O i: t i apf.. :
saoufEP st A0SR k0o BRI EPRRORIER Ehighy slcive
etch pgessfoeredesinigos gate iicabde stsudnirg lih yhecprigpaict lof @ nonirhasked metal

conventi opal rocess sﬁrateghes for form ng the

gate {Eielirey Jrereby usignticanty nsdbppe alto dasat i g Profess  complexity.
FurthleRh&i@! & 1s8fhe O lu@BMivE EShB SmehE 2hf ovBANCAU A B HetdR  may be
such asenbedded sem conductor alloys, stress
accomphsheil z atliilen ntexrthelegsi guoviding. enhamcérhi gatee conduativityh wherein the
active .reqions may,be sybstantially anprphized an
redudgf' ¢l Sefih iy Fbp P8 dRBe” Gptedoraboie shiefiker thesey furher
enha®Sh@prfsithaacSbf dk Radsigbat € of the re-grown
sem conductor material, even after the renoval of the
rigid overlayer, and the like. Furthernore, the

pracess..: ' IS [ lso . .
D PaubBEC PhBUaR Ao BEHF afk TR RIRCHRE, 25 the dnvention

may benlodiftpdesdfppictieed i diffeieng baveqapaland maaheds \appiredss @ibse skilled
dielectric material above respective transistor

in the,pghaying the hepetis ol the teaghingshegein Jer exapiiadhe Progsss steps set

fonh%b%ivﬂﬁég%/ BUp d2in ¥ ARt lord&GaYi Erfdt¥, no limitations are

ion of these sequences. n addition, I n sone
intendé¢d toghe dethileoferinsutictiontos desipe herepl showng otikr than as described in the

._cqnyent i anal te electrode structure hi gh-
claimy bgleat 1108 Deaftare et S s Bt Badthettsiio ardbove may
be alRfed Gemb@isied aRfl afu¥h dadIRINt aRUEERIdeRid WHRintth® S&pe and spirit of
_maski ng steps, which nmay be acconplished by performng
the inyentigh| Acepediaghy the peoteetiqr soughicherein is ascsss Birthginghgyelaians below.
el ectrode structure in the presence of a non-masked
netal gate structure, thereby significantly reducing
the degree of process conplexity. Furthernore, in sone
illustrative enbodi nents, an overall reduced gate
hei ght may be acconplished, while neverthel ess
provi di ng enhanced gate conductivity, wherein the
reduced gate height may result in a | ower
gate-to-contact capacitance, thereby further
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enhanci ng performance of the transistors. The
particul ar enbodi nents di scl osed above are
WO bdoussn2ad i ve only, as the invention nmay be noRdT/U8Z08/010299

and practiced in different but equival ent manners
apparent to those skill edClLAIMSe art having the
benefit of the teachings herein. For exanple, the

WHAT I8 dABMED; set forth above may be performed in a
different order. Furthernore, no limtations are
intended to the details of construction or design
her.ei n Almsthod, @bin@risingan as described in the clains

is therefg evi dent that the particul ar

b
BN RO DB Erh e s B airshih B1 Qpbove
and allﬁﬁy&g“&g%gﬁhwggﬁlare considered within the

scope and spirit-of the’invention. Accordingly, the
priotranigi ©recvod gransiser €3 50p) hasmgse sedond tgate ele¢thadecdtaictge (310)
belom1 Al M5 MHAT S CLALMED: 1. A nethod, conprising:

form nga QVE B se5onddeXiee LegiPn (395B)%) having a first gate

el:%gta&mgesa&l Fi#6t pAte &l ARt Rire (Bw)swltﬂeylfcra feplicement gate
(305n formn second transi stor Op) havi

second s;mcelrel(glﬁhl)oq@mgmm&tauhleh(lem ecamowtealakégzﬁ)oand a first

gﬁ\ellcf EO@EQL?W& ,ggéfttg fgf%% r%ﬁ ﬁrgatg'r 1%3%&){ %pg%%nr{g said second

gat e stiransiswra340phGY)a maskiRs);ng a hi gh-k di eI ect ric
material (323) and a first netal -containin

el rémowmesaréa%eép%gate@mm% sirectais/@d Ohep thei S§é€mlectlve etch
transi S[Sgrg%esg )wlg SidRR¥ r%ﬁg&%fggﬁg%i#ﬁgégkﬁcture (310N) is

second tro e struct asi s of
a sel ec:tlswe(p@semtopiautmwe%)m prdndese(324);chndli r st

epl acement te el ectrode structure (31 s als
05BN 7 tFeold denlaemnt gale OBF SHuery @*QNé?) Coyfprising a high-k

for M NOmaeRI@nY) 4RIM &%gﬁ@erta@@Bﬁtaﬁh %Jt@@ﬁcﬁ&dé&ﬁﬁﬂéﬁ@l (326).
(310P) conprising a high-k materi al and a second

met al - contai ni ng gate el ectrode naterlal (326). 2. The

hod .of cl further, conpr rmng.an
o 1 s Pafeor el . o R g pRE e 5 8p Geber and o
sacrlﬁﬂﬂl ROEOHVE kA First zﬁdese@dSldi {r@iERtorI tind r@lﬂbhlngfh ;Qfm&lﬁbfj said first
first and second gate el ectrode structure using sa

and sggeiid gate iekgctrpdg, struguredisingos aid pacadiciay layer gripr ﬁcsfepéfmreg said first

ucture. 3. The nmethod of claim2, wherein
gnea%&ﬁ&&%QSdgg{d first gate el ectrode structure (310)

conprises perform ng a second sel ective etch process
(322) to selectively etc
The method of claim 2, wherem replacing said first gate electrode structure
(310) comprises performing a second selective etch process (322) to selectively etch
material (312) of said first gate electrode structure (310) after removal of said portion
thereof so as to expose a dielectric gate insulation material (313) and removing said
dielectric gate insulation material (313) and forming a dielectric replacement gate insulation

material including said high-k material (323).
4. The method of claim 3, wherein forming said dielectric replacement gate

insulation material comprises forming a first dielectric material (313A) and forming said

high-k dielectric material (323) on said first dielectric material (313A).
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material (312) of said first gd?@ﬂtbsm&'l(ﬂa%re
DEIQ@IBSITafter renmoval of said portion thereof so as to
wexpoms2230 di el ectric gate insulation material PGWI/BY20881010299
renoving said dielectric gate insulation materi al
(34.3) aThe frethivdng chaifh Bl fafthéd coni BlimC&i@itivelaetoving material of
_insulation material including said high-k materi al
said figpand sgcond{ePlRE4MYY ggfe elpeiradestrugineese(3d ONg BPRIgtosterm recesses
' O T ty: el ' nat erj.al .
therel She bl g (AR P BB i oGk OHa e B clgpe materil
(330pnd form ng said high-k dielectric material (323) on
said first dielectric material (313A).5. The nethod of
claim11, further conprising selectively renoving
eri ' ' a -epl :
ol St r ol fieRficlol Uk IReRIGRR HEP par ARl Gatc clectrode
matetihle(3@#h hand firef Wtk fupcsian dnd ssisseondvindtalacontrimidg gate electrode

tal - t ai ni t L .[od terial. (33 6.. Th
matefiih (ob G sGeRr R IR e EBnee FPRCai it M oBs gt ng
gate electrode material (324) has a first work

function and said second netal -containing gate _
el ‘&ct r ofke mgthediof|claimle fuags campeisimgdformpimig & thirdttiapgistor (350D)
differing fr ' Ly st k function, 7. . The nmet

il Byl AL bR AR 1600, el el D) ang

maintdi@ing a6 leakt 4 poAidh dfapttd gleatrddd mdtegial €312 @€ shiddBird gate electrode
structure (310) above a_third device region (305D) and )
struchge (15900 whgndeplpeiag said tish £3te plegirodpastrichre €3 1) gad removing said

j FNWAR hd third gate el ectrode structure
Secor‘(-?;%ag{)g@%\ﬁ%(én reﬁﬁlfé%@ﬁggsai d first gate el ectrode
structure (310) and renoving said second gate
el ectrode structure (310). 8. The nethod.of claim?7 ,
wher e nﬁ"or‘?ﬁ'ﬁ%‘! Sk g rit‘,”ﬁ%r&e’o Yang A (fyst, second and third
transkstR $3 501013505 3950D) %ﬁ?ise@%@nin%%ﬁﬂesiﬁ%lgﬁéﬂﬂ@gr 2313) for said
gate insulation |ayer (313) for said first, second and

first, segand and ghisd sransistors3560n, 336pp3 SBHOD) asso hage charheterstics required

characterni.stics. requitred for formng said third
for f(fnrnér}%?aé‘fg?r (%’55;9&3561%' nmet hod, conprising: formng a
first transistor (350n) conprising formng a first

gate electrode structure (310) in a first device
r eyi on Areethod semREsBansi st or (350D) conpri si ng

f ' . r ) d
| B0 RS S B0 SR B DAL ALY (AT st
gate el @t0y ada fist devide eegiéB bl < eeqont Strangiseorg@56D) comprising
insulatjon dielectric (313) and a gate el ectrode . .

mat er i alOTPIERY ,Segoarioga@eaﬁlecw@uw%lgﬁ (@11 et seqond dexyice region

o119, 00504 it S 5L ACSOUE I 00 s o
(310) ; gatelinsulation dielectric (313) and a gate electrode material (312), said gate
insulation dielectric (313) having a first thickness (313T) according to a

design thickness of said second gate electrode structure (310); and
after forming said first and second gate electrode structures (310), replacing said
first gate electrode structure (310) by a first replacement gate electrode
structure (310N) comprising a first high-k dielectric material (323) and a
first conductive metal-containing material (324) while maintaining said gate

insulation dielectric (313) and a portion of said gate electrode material (312)

of said second gate electrode structure (310).
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after formng said first and second gate el ectrode
structures (310), replacing said first gate el ectrode
waregos2se (310) by a first replacenent gate ePEDUSIA#010299
structure (310N) conprising a first high-k dielectric
material (323) and a first conductive netal -containing
material_ (324) while maintaining said gate insulation
di -ect The methosh ofglaimy pwheresreplacing swidyfirst gatecdeqtiode structure
i3 - of j te. eleegt u r
G107 FoflprRss) renfind o b BEALA BF SRS, MR SeRdla A" Bectrode
strucgmesd(3f10) &t expatesadd gatt elrderodd mattial € 10R fO)mingrphaskg321) to cover
.. renovi ng an upper_ porti of said first and second
said a%%‘)é’de&ﬁg%te?%agggﬁ sy gﬁog @fa)sefestlé%psdg@ogmgdsag%tgéte electrode
mateBbE €3 129 dfd B E phd! inbddidon 14yef B 1Y & m‘ﬁr&%}é eltrode structure
cover said second gate el ecCtrode’structure (310) and
(310kel ectively renoving said gate el ectrode nateri al
(312) and said gate insulation |ayer (313) of said
first gate electrode structure (310). 11. The net hod
of 1 &l ai Thd Ghetddr 6fElkint QOPFurheN SorhpidThg @oxﬂqiﬁ% AénthMRe material
e

mat eri al (330) on said first replacenent gﬁ '
(330% joactai¢ drsk renkecement @ateoplpcsods sEncursedAN) gandesaid second gate

t t U ' n process
elec@élgﬁterp]%}g& @éby haecror?}nexflﬁ%gpogkﬁcsﬁg&%%, wher ei n
replacing said first gate el ectrode structure (310)

further_conprises forming a dielectric material (313A)
af ter r Ehoingthogrof chaim 10, wheren raplacingsaid {igst gpts plsctigde structure
L . y bk dielechmi i 3 _

GORRGRY (oPLa, forblite b JHBAHE ARSHFCHIIR TP R Abd G Plaid gue
insulaticzi tayer (3 Lt dmelr depmsjpinigssand) firsir mighd dietdeiricd npadral (323) on said
di lelectrodﬁ ng cture (310S) of a third transistor
lelegtaicangterig] § ai d first device region (305n), and

replacing said third gate el ectrode structure (310S)

with a second replacenent gate el ectrode structure

(3thB) The methadgofaclgise G durtheg rormprising foanirg3 2 Airdigdteaclectrode

0 i al - tainin e el ectrode
soucE OGNS A A UPAP o e oS5 2, a0, e
replatigp| suid ndird agale tdieditbdg adtucaire CB3NOSE vaith WCketond (@pRSment gate
rises removing said third gate el ectrode structure

electf(%%%%yu%ﬁet (OB singluginga as sgcend i highds apatpridc €29) (gmb)a second
' i ok t gate el ectrod
condfb S EREHARY 3 ediole e B BT V1S, it ner

conprising formng a first stress-inducing |ayer

(332N) .above sajd first ansi stor (,350p) and a, second

stf‘éss- %?tﬁ%‘l 1%y elpirp 3%%@%5%6@3@8&%@ chird gate electrode
strucluf {5108} B6mpERIREmoviRk daidith¥ll g8REI&EOAL dtructure (310S) on the basi

strg§3-?nduging ﬂ2§er§ ?%SZN,gSSZP) ructure ( ) on the basis
of a selective etch process (325) without covering said first replacement gate electrode

structure (310N).

15. The method of claim 13, further comprising forming a first stress-inducing
layer (332N) above said first transistor (350p) and a second stress-inducing layer (332P)
above said third transistor (350p), said first and second stress-inducing layers (332N, 332P)

having a different type of intrinsic stress.
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having a different type of intrinsic stress.16. A
sem conduct or device (300), conprising: a first

wo e@nsszsor (350n) conprising a first gate el eRCT/O8M08/010299
structure (310N) including a first high-k dielectric
mater i alA sediéndandr ae\ﬁéer(soonebmlpriemg.t aining gate
el ectrode material (324); a second transistor (350D

c orpFst $faRgstar §830h qoyREENg it gle clectoda siFustyrg 1@5013) including
i ncl udi Qghr?tnh%g Ldendiashe. Iﬂﬁgﬁald{ﬁb?%ha' g fﬂ?tt ﬁfe{a‘rfllcontalnmg gate

(313) connect to a sem con or - based
el ect r odectrmieanatetial(320) ; and a third tranS| st or

(350 r|S|n third gate el ectrode structur
Gg%"“i dnEPRYH ?ﬁ@c PPN - SeroBf cgals A“i‘n‘&f‘% r§iFture (310)
( 329) ap@dhRinteR n@‘xﬁ@-‘)éﬂedc patk aﬂl@leeﬂxcg ﬁffa?erﬁill 3@'1 3)? g&nected to a

material (326); said first, second
eI ectr owismndwcmm@sed(@mmctm mamﬂ)(z»izm; mhﬂsr

i SI ngﬁ-?oé 62%‘{})&95%1331'@1\9%8@2 ?‘Ig(%la%g%?ct{ﬂ%gls}w%ére (9)10P) including

f u rthe r a §@FRA hdhl dRIdctri SnatekiaES29) BeHE sét@nd infdtfCdontAining gate
mat eri al (332N) above said first transistor (350n) and

a secondedrqdegnaterid (82My diel ectric material (332P)

fosfafﬂ?%&b gc%naa&'gil Eel-'] &fé}Q& (0] teogqu(cﬁ.gggksl(ﬁ@ dﬁd‘ % 1%}’) further

stress- Ih uci ng rrc na ucrng

first togaepridinga tHidmetal-eorthiaihgahateagi(@pof said fl rst
transi stor (350n), said second stress-inducing
dielectric material (332P) inducing a second type of

St{Ai n R Qe dr‘ﬁh:%ﬂ@@é of QQWQQ (%O)S@f gla‘i ¥6j ﬁﬁfﬁ@xfs 'célﬁrlgflsiné a first

(350[), sai secon type of strain ering sa
stress‘-mdstlngybdeclflcSmaltamd (333N) dhevessavl (fmstdmmsrstorc{éﬁﬁ)m)eand a second

swess;UiR iERHRaTE e s COBD TSR Ve S P afegsistor' 350p), said

first StkdsimttucEUdieRetrReMbeARIBSLRY iARIcEd A'firdtNyf¥ 8f Sr&ldn a channel
source regions.

region of said first transistor (350n), said second stress-inducing dielectric material (332P)

inducing a second type of strain in a channel region of said third transistor (350[), said

second type of strain differing from said first type of strain.
18. The semiconductor device (300) of claim 16, wherein at least one of said

first and third transistors (350n, 350p) comprises a strain-inducing semiconductor material

in drain and source regions.
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