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process technologies are currently practiced, wherein, for many types of complex circuitry,
including field effect transistors, MOS technology is currently one of the most promising
approaches due to the superior characteristics in view of operating speed and/or power
20 consumption and/or cost efficiency. During the fabrication of complex integrated circuits
using, for instance, MOS technology, millions of transistors, e.g., N-channel transistors
and/or P-channel transistors, are formed on a substrate inciuding a crystalline
semiconductor layer. A field effect transistor, irrespective of whether an N-channel
transistor is considered, typically comprises so-called PN junctions that are formed by an
25 interface of highly doped regions, referred to as drain and source regions, with a slightly
doped or non-doped region, such as a channel region, disposed adjacent to the highly doped

regions.

In a field effect transistor, the conductivity of the channel region, ie., the drive

30 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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is controlled by the voltage supplied to
comprised of polysilicon or other metal-containing materials, from the silicon channel
region. In steadily improving device performance of field effect transistors, the length of
the channel region has continuously been decreased to improve switching speed and drive
current capability. Since the transistor performance is controlled by the voltage supplied to
30 the gate electrode to invert the surface 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. I turns out that

decreasing the channel length requires an increased capacitive coupling to avoid the so-
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It has thus been suggested to replace silicon dioxide with high permittivity
materials, such as tantalum oxide (Ta;0s) with a k of approximately 25, strontium titanium
oxide (SrTiO4) having a k of approximately 150, hafnium oxide (HfO,), HfSi0O, zirconium

30 oxide (ZrQ;) 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,



Additionally, transistor performance may be increased by providing an
appropriate conductive material for the gate electrode to replace the
usual |y used polysilicon material, WO 2009/032230PCT/ US2008/ 010299
si nce pol ysid oo23my suffer fromcharge carrier depl eidranzms/otke
vicinity of the interface to the gate dielectric, thereby reducing
the effe i i on.

el ct r oag e ReSARERABLGTPEPMERR o D ELRRIAL, WAL PR by hESORE

di el ect rithe gat dfeiealricpﬂmmbyie@iuemgalrrﬂcéﬂ:cwqoeapadnanwebdwwdhonhanh@ remoe

t hi ckness a di e ddi t j.onal | . .
mai nt ai ni n%‘?'re eae’ee&‘é’ﬁ? c SR d ?‘gélna%gg%sebe ¢ B‘fggeﬁqeds‘éﬁ ida %"%"é‘koc%’ﬁee‘:r“‘“
hand, t henmeix pa:iv;c&s Ienlmnedlmpwuaa;te, basubbn ts shint alickmsnad 4 sileonadidxitdde
ik may be fo to connect .t he high-k dielectric mat

el ey, AL AR AT AR AY erles B St s SrefiitferEh Ghid oter

Si nce t Y Miaid | the/ndn-podiwil ichhi @gibedial] sl dsagﬂmﬁlfl nithide dndanes lilsd, @ray baffiorédad to
represents the v a t. which a. co ctiye channel, for in the
Channel " cegino fe bl etsdie hudtal IPerels wbSHRGI areiguecli pisttoge o o
comonl y depeti®iPrdng 0SB iypidalty @flow RigeshoRPRUEEVE (B BB or! RRidh E@:ﬁesents

pr onounced Iat eral dopant profiles and dopant gradients,  at dlrga%

the vi ci rihg Yoligge ﬁ‘H’éh‘F*}\P FRmEE VS channeh torms By e chagnel gegieny ifdgsge

ar go usualthey/ nfcQ'd¥RE Bedi® rbohmnwietdoaﬂoudau@f de thel @spebliveOSHAR R ae@qeent
speci es whos€e conductivity %/ge corresponds to the conducti vi tﬁl tp\ﬁae
€

of the r @¥eHcHNsY 1eﬁrahmamam & AN Berdncgiadienta gl fnastsip thesvieigity of
"reinfor g ibRe TeRHE, B2l kiR degﬁﬂﬁst dr@ﬂsu%’ﬂ%%c(gig)aﬂh &AblaRbddlin bier

formati on of respectlve ext ensi on and ep drain &and source regions.
In this wayntrodpues atdﬂp@gﬁmqueswdweg@dmnwthéypprcaﬁevpgmctsrto &e@qndqceemtwe

deter m neg g)ﬂ{ﬁgﬁ?ﬂrﬁrg; gLagI?eEia})& %é{ni%ntﬂlptgr Eegﬁ)lﬂrk%la’s té!"“ rﬁbn@e’a ghfng%f‘t

vari ance o vol tage nmay observed uce
| et hs. jeetior dopant gradientipitey the ferppropef spechied extmmnamdadqemdrmregmd)n

the contr ?\htjcgpéggong.ylno lsf\ﬁ@ ﬁllg ﬂohdr%t go?ﬁﬂyéﬁgv\ﬁﬂ s{ggﬁ{c%%f AleFRingd

reduci ng rrance o tage
r ef erred tha)camrotlirmms hod [ tiak clmhhsloﬁrherenarvds:g’uﬁ@nr eatiaocangf éllegimeﬂwlﬂamltage

‘vari atiqns ransistor, perfor variation in
engt h SicE® chisPRR, BL RGBS 5RE TRREG, "ol pYTp Bl oy BoRiic nato
5| gnifi camplaytadat eerginmebb loyntiofiebiligr &f fhendiahmeh nody behenlmteﬂ ioettyaalsi ng
mat at.e adj,ustnent the effective work
D30, on i Bine, B YARRECR bR e Bl VTG vpRh b A FrRg s ARl it
under 25Q£Bﬂ1$htﬁi@rsﬁtrd:dﬂlﬁmgaﬁgntfﬁaﬂiléva@tl@drﬁl’ﬂf@ﬁdslstor perforrAdidce rwifhod Warfigon in
sophi sti cat h-k qdj el ctrlc

t t t |
net al - basgéﬁ%ﬁﬂﬁ%g ﬁaseew shel oc'@\?a%c% higgﬁn% & S8 eﬂwé%[%rﬁw?f-‘@iym

be requi ragk Mkiteh dfBle rn%‘ﬁdljcbnthiﬂu% g8l uatdrian aaf aﬁpmgmaermjastmat toy ed
the gate dielectric_ caused an increase of the 3 en contents

in the hictfRctkvenppiky fugption WéPe‘B§P€%'1 b thee apHEstiTHY i thPeant | r‘fé%sésé‘“o‘lm er

| ayer thiggk§i@Ssionmd! bohegiRhRec@ Shift of the work function nay be
observed which is believed to be associated with the enhanced oxygen

affinity of many high-k dielectric materials, resulting in a

re-distributi ngepfofif él’gl Ju"o?@& %&t@& tdrésQJuf'i‘ﬁdu‘ig'a %ﬁ'l&%él'éc%lcvdn@ alnfial-

hi gh-k dielectric nat ared gate 1 ne structures
parti cul dasedtgachmagrele howeley Hghylemperature treatments may be required, which may

result in a reduction of the permittivity of the gate dielectric caused by an increase of the
30 oxygen contents in the high-k material, thereby also resulting in an increase of layer
thickness. Furthermore, a shift of the work function 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



WO 2009/ 032230PCT/ US2008/ 010299 tenperatures required for conpleting
the transistors after formng the high-k netal gate structure. Due to
this Ferm l|evel shift in the netal-containing gate materials, the
resul ting whrsehotds vol t age may becone too high to enabirastheowse of
hal o i npl antation techniques for adjusting the transistor

char act er %Wgtﬁre\é\‘r&cgl#r'é@?&e(%n&lﬁmﬁ%% (Bhdidi i bl oo gﬁg%%/ RchdFelaP ket

50ff to a I ive current “val ues at no res
vol t ages. Structure D’lhtéo troelBerenti devalnadhithingthe tn@mbewrmalungsatdmam@lﬂ the resulting

transi st %e l?d’ b&fa# %6\{%%9 fifi o M RSndQiuflegle RY h?jl%iriﬁlggﬁ&nbrp gﬂﬁ@}' on

schene, in ectrode structure’is accor

conventi (fnaidjmsaogl meqmes;standlarastehistﬁtalmyx egpttac eohtmlrling thepild volopt endl-

hi gh-k ne te sthucture ereln the re lve netals are
9 tf ailow hﬁt V\%’B

appropri ate el'y sel He %”%lsv?%ésh \'Pé’d%rﬁtfyl 8“ ﬁ%efl ons for
N-channel transistors and P-channel transistors, respectively. Thus,
inthis integration sche t he conve oI i l.i.con/oxide gate
St ruct ur e | o BFSYRE e Orig) BB BYES PR RS THRE {F0CHUPTATT LR he
L inal hi g&e atvemp@bﬁwn@aram&%aduop@a@&&sﬁwﬁ&gth& fg@te%ldctrﬁdecﬁiﬁlttﬁﬁl i9forinbe
rain and souyrce regi ons n e a 15 el ectrode
struct ur SHEYNB M ?P“é%’@?‘i“é#g@‘q}*wng &%@ﬂ&f‘tﬂ‘%g‘s E%%OHE‘H“F%‘E‘ Hefeck ms
pragessi Ngie kthaturd, sm&aﬂnﬁé aéspé@ﬁeqﬁetam&@&pm rﬂite{y 4;@1@§ed tsh el &b Yhave
substanti all){ avoi di ng the above-describ (ﬁg(@ ens with respect to
¢ t@s

al tering SH® AP fingRons 1o 8- c@ﬁn%ehéfawws jan mgl ARty PYResiyebhe

wor k funCFHuQnﬁa ois Exﬂ@grﬁf?&nakc‘ﬁeﬁlg ¥H&eccﬂx%rﬁloﬁ£leﬁélﬁ§ﬂ%ﬁmx%@A?atep"st%)’dt&b‘%l; y-
expl ai ned, the N-channel transistors and annel transistors

require vemngved Rceriaged st he highnk aickl nipcknafter thafinak bigh deyppestsue aneqa)
adj usti ng, s Rgs VRfdnt BNELARA o@lafé &rsmna B deHE RSO RO mqu% anezabgaem

different transistor types. Therefore, respective integratlion sc
may3be hw@ﬂﬂrydecsmpluewmasnwlmweabm lpe tmﬂeratmgs used dn the bedntidrpeetessingh
wel | - est h erlaye 8 r, a whi

typi cal | 39 Aﬁs'g’dtggggrgtgreévo:fc? pﬁl%x éaﬁ%&iz" Y ﬂ% 2 sse gla” Yect 1?ilmgaﬁlrr‘iéttaIé‘?"leaI
wi th diffdeseibed pprublemsswich aa‘spee.sm ahmivng thehehahdeehiaielf ther Righ-kahaertal andl

the P-cha ran tors specti.vely. In addition, in many cases,
transi ot opdias,be AR RselRE BERlgN Btk slheRos’ U cores
peri pheral regi ons for |nput/out put, nenory regions and the i ke, may
be _ogperated at, differgent volta t hereby requirin

6$opr| at el y AAraisly axglowr ttﬁ‘? é‘ggFB?“SFWéS ‘ﬂgtp"crl"‘ﬂ’%‘ﬂ Itré’ﬂsi?%‘ﬁs Feqyiss s,

30 whi ch viery &ﬂ@&ﬁﬂ}hb@t@hmﬁﬂﬁ@ﬁ@hﬁl@ Forshprab@g1f adjustingQROWBIK fiMedn Bid
growi ng an increased oxide thickness as requi redI for the highest

oper at i nd"dhe WErshald yolkase at the diferert HarsifgyReme TostsigEs: fopckroiasetatony

desired |soMnc@ViRhy BE hidhGNcESIE0RNBRES JsB0hOBifhi QREH AL Ebr¥inddOWitS WRR! Y
vol tages. The |nte rati on of gate dielectrics adapted to different

oper at i ng:sls@blpsﬁlgbéga ,ﬁg@ﬂqy@r stressor approaches, which are typically used for providing a
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transistors and the P-channel transistors, respectively. In addition, in many cases,
transistors in different device regions, such as CPU cores, peripheral regions for
input/output, memory regions and the like, may be operated at different supply voltages,
thereby requiring an appropriately adjusted layer thickness of the gate insulation layers,
30 which in conventional integration strategies is accomplished by growing an increased oxide
thickness as required for the 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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materials, such as silicon dioxid designed in _accordance with the
r equi renréfﬁmtsg:tor structures, thereby essentially avoiding any shifts in work functions and

deleterious effects on the high-k dielectric materials, as previously described. For this
purpose, in one illustrative aspect disclosed herein, the transistors may be formed on the
25 basis of well-established CMOS techniques, after which the replacement of one type of
conventionally formed gate electrode structures may be accomplished on the basis of a
highly selective etch process, thereby avoiding the necessity for a respective masking step
involving sophisticated lithography processes. Consequently, the further processing after
completion of the transistor structures may be performed with a high degree of
30 compatibility with conventional strategies without adding undue process complexity, In
still other illustrative aspects disclosed herein, an enﬁanccd 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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el ectrode structures. WD 2009/ 032230PCT/ 11S2008/ 0102
electrode structures, which may be operated on the basis of an increased gate dielectric
thickness so that the transistor elements may be formed with a high degree of compatibility
with conventional CMOS techniques, thereby enabling the employment of any desired
performance-enhancing strategies, such as semiconductor alloys or materials creating a
30 desired type of strain in the respective channel regions during the formation 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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25 electrode material of the second gate electrode structure.

An illustrative semiconductor device disclosed herein comprises a first transistor

comprising a first gate electrode structure including a first high-k dielectric material and a

first metal-containing gate electrode material. The device further comprises a second

30 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



5The di scl osure may be understood by reference to the foll ow ng
description taken in conjunction wth the acconpanying drawi ngs, in
which like reference nunerals identify like elenments, and in which:

Figures 1 @odosashesatically illustrate cross-secti onabTNkangoeisa
transi stor device 10 including P-channel transistors and N channel
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accor di NBRIEH DESSRIPTION OFTDHE I DFRTWINGES Figures 2a-2d
schematically illustrate cross-sectional views of a sem conductor
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devi ce rg%ops regaglgr.i ng, 2 gate dielectric material of 20increased
t hi ckness 6 FHBSHREISYEF Y an appropri ate masking regi ne, according to

still further illustrative enbodi nents; and Fi gures 3a- 3q
schematically jllustrate cross-sectional views of a sem conductor,
devi ce duri ng FEFss o nschemaiically flivgtrate &5@%‘5“!%0936r"fﬁ“ﬁg"fsfbﬁﬁ?sﬁqféjﬁi"éﬂ
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conpatibility with conventional techniques while substantially
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areas, Wheh@bfadddidié iRl malir aidt- LOHMERTY HBCRABSRIS RN RE WiRedided
into the integration scheme, according to still further i1lustrative
enbodi merieghisiBawhistlectivaetcdubghaisc may therusel e repdasdngngrlgdshonestype of gate
suscept | Db ALY SecBRHEb Atk S oABHifhigr nati ve Torms, specific
enbodi ments thereof have en shown by way of exanple in the
15
Figures 2a-2d schematically illustrate cross-sectional views of a semiconductor
device for forming a highly sophisticated replacement gate electrode structure while
maintaining the gate dielectric material and at least a portion of a conventional gate
electrode structure designed for device regions requiring a gate dielectric material of
20 increased thickness on the basis of an appropriate masking regime, according to still further

illustrative emboediments; and

Figures 3a-3q schematically illustrate cross-sectional views of a semiconductor

device during various manufacturing stages in forming sophisticated replacement gate

25 electrode structures with a high degree of compatibility with conventional techniques while
substantially maintaining a conventional gate electrode structure in certain device areas,

wherein additional strain-inducing mechanisms may be included into the integration

scheme, according to still further iljustrative embodiments.

30 While the subject matter disclosed herein is susceptible to various modifications and
alternative forms, specific embaodiments 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



drawi ngs and are herein described in detail. It should be understood,
however, that the description herein of specific enbodinents is not
intended to limt the invention to the WO
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and phrases used herein should be understood and interpreted to have a meaning c0n31stent

with the understanding of those words and phrases by those skilled in the relevant art. No
special definition of a term or phrase, i.e., a definition that is different from the ordinary
and customary meaning as understood by those skilled in the art, is intended to be implied
25 by consistent usage of the term or phrase herein. To the extent that a term or phrase is
intended to have a special meaning, i.e., a meaning other than that understood by skilled
artisans, such a special definition will be expressly set forth in the specification in a defini-
tional manner that directly and unequivocally provides the special definition for the term or
phrase.
30
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
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25 in the transistors 150n, |150p. For exanple, in the embodinent
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silicon, us indute a tertain nmagni tude of conpréssive strain in

t H® chanunély 8giwhichlhdy be a silicon/germanium alloy for a P-channel transistor, 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,
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WD 2009/ 032230PCT/ US2008/ 010299 t hereby enhancing the nobility of
holes. It should be appreciated that other strain-inducing nmechani sns
may be provided in the transistors 150n, 150p, depending on the
overal | prwoessortmat egy. That is, for silicon-based grBnmRbsteors

devi ces, a silicon/carbon conpound may be forned in the drain and

source reaions ,of .1the transi 1 n._repr. t] . B
N ohannel ot PyRuPLy bF B AR Bf Rhee SofholOTR pERGERERA! e Atanincucine
t echni queschmigmben®mpt @yedded uini the ttahgstbor ifan, 050ppdefeneing roungie sévoradl,

t hereby endow ng at least .one.type qf tr.ansistor w.th ertain basic
stran Porcheriame, TERE st Bied whior 48t e ReBhsdnletEl &
transi stgfalg lbe forfed idl}hle_dralearﬁﬁﬂihb 20 Rehiitals OF tli_ea?aﬁgim@%()ﬂawh_ ebeehp‘r@em aan a
suhst ant rystallin strate material, while in other case
Spo 11 Nl Bl Ao B liee Al R FBTOQRoR BRI R ot 8 760
may be f @difpdhORrhitRnldshesradtistdrsSthbicBPardoRingts WadloBE typSOBkransistor with
architecture, in which a buried insulating [ayer (not shown) nay be
pr ovi ded? BEIRPF RSB conduct or | ayer 102. 15Mbreover, each of the

transi stor elements 150n, 150p rmay conprise a gate el ectrode
structure 110 including, for instance, a conventional gate dielectric

material 113, Fusthemmosg the Gansistasn | fnekiranaytacclgrped & ullelrasistarg Leabi§ve

whicch may. e, fehsedy@ ©aNUS Ed RIMALd Bﬁ‘fa%uﬁ‘étﬁﬁi‘éﬁpgﬁsﬁﬁ&@Eﬁlﬁlrat@l&ngrﬁaﬂ{ch
as a polysilicon na¥er|al and the like, followed by a netal silicide

regi on 1While @ athar gadey spasiicaleviss regiving ef e g uess 10016 thagntiedavinerhl may
the drai Be m d %Ql %Qlﬁagi? dJt Qﬁkiﬁ%-&f-ingﬁ:ﬁog fﬂ§'a§(ﬁl%c?uré,591n I'liq:ﬁqpburied
Furt her nor e, gepen Ing on the process strategy, a sidewall spacer

st r uct ur esdiaudngiayer bwt grogkn) dedl bo provided béloke Weel sewicofiduche layat K2e| ect r ode
structures 110. The sem conductor device 100 as shown in Figure la
may be formed on the basis of 25 well-established process

t ehni ques. Pdprepvisianicef the hrensgatr elegleas tl FGd d 58t mac tampese 41 Qe plryirdge

formed on the i f sophisticated deposition and/ or oxidation
technt quagielgs PRE e b Ryt Brar s EREed R PR RE s (el oan
appr opr i sitieort tiocide dssdnguye beleseiccatiovd, widch wial | bebiermegls ¢ rcobvedtibiad guteon
with reference to Fi es 2a-2c and 3a-3q.. .Thereafter, sophjsticated
1% t hoor affgan b eh TEECRAT B8 0o RaGoatmicts P9 57 Jk RESTRePE it

el ect r odsiligat esgioal 1111Ximilaly, hetal kilisidai€onsi N6 ik Hedormeal in pid §Ginl dndon
and the |ike. Next, .the sidewall spacer structure 114 may be forned,
at? east St fegiony of HERYEPTS 0ol p IRaret PRI RE 4B BFPCsk
for creatidaggy! Beide®hiplspdcerl op@Rtre P14 hdyehd providbe ofriad Bidéwdlls SSTUhE Qate
regions 115. It should be appreciated that a plurality of

i npl ant atEeiPdprEEEeddOnay be required, such as preanorphization

i npl antation, halo inplantation, extension inplantation and deep

drain and . ) o _
The semiconductor device 100 as shown in Figure 1a may be formed on the basis of

25 well-established process techniques. For instance, the gate electrode structures 110 may be
formed on the basis of sophisticated deposition and/or oxidation techniques for forming the
gate dielectric materials 113, wherein an appropriate thickness may be selected, as will be
described later on with reference to Figures 2a-2¢c and 3a-3q. Thereafter, sophisticated
lithography and etch techniques may be used for forming the gate electrode material 112,

30 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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WO 2009/ 032230PCT/ US2008/ 010299 source inplantations for obtaining
the required conpl ex dopant profile. As previously explained, the
efficiency of a respective halo inplantation depends on an

appropri at ggoMandosizncti on of a gate el ectrode netal strcrtustms/P@2eo
formed when repl acing the gate electrode structure 110 by a
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t hese reglon nufacturlng

wl| be remve a later st a
previ ouswyys fing plpntatine: "?dé‘g‘?fle'g‘ﬂa%"earﬂir Ye ks F@e%.%@gtahﬁ&l% ggions
i nclude ang aﬁHQQ@Sﬁayswmeﬁn faq;romfnwnr@re@:sawthqﬂﬁéets@sa@m@;smdhﬁtml@d ng
mechani snms, such as providing the sem conductor a in a

portion GPiaithde desiies copfigusation ekthe aytabribicide i thcrmwnﬁéiﬁ b‘éule not requiring

acg@npl i Saheﬂia;[n ®n bt‘“ﬁ&%ﬂ&&ss Bé/raméi@rsffgf 'i]lenﬂle@l CESREGEdINE | lqc‘§§1§e 'tt{ésé‘n
early manufacturing stage and refilling the recess with t he desired

sem conduegions will by r@m)"@ﬁeﬂ [Fakstes nppuiscEpR RS e Péppltemvséy cgplaipgds the

techni que, I s € [ t 0
B R A B R
furt her dgredditamciadrcimegnntdenioms, sychs tsapreyiding tmisohicendugior pflaycl 1l in a
mat eri al [ t 0 in
an ot cn SPhr & AL Rl RaGRE ARG 18 TIPS oA, 3 Runall)

of 18 he safommflg g reapectied @rgsain a_bl@rly maauf’raatxemg swgttmhélmﬁlllting"lge steny evith Thee
sacrifici I teria

h
emlconfiuc:l' 3 alﬂ% 'E:hepéams &e a sele n(&é’ee?%tg)flal nérowghe){e&eiag

appropria FE et erian . sueh?a¥ si% 1e6n” df SXi

on t he bastsdate with e sttaliishahiaggtdahsthgues, such as sub- 25

at nospheri ¢ chem cal vapor deposition (SACVD), high density plasma
enhanced chem cal vapor deposition (PECVD) on the basis of TEGCS,

whi ch may al S(Fiéi)&: us edhdnaticilhe ilfustrnat tensaaficadudtat e&diay @00 dn el asthed C

LD | By aFVanSE Ry SEVEBD T EoR iy et 111 PGS PR he

mat eri al ,tmné]stsd@ 18&)/ 16@p, Wr@teird@plewﬂkt@qa}aerqaeaﬁy% Fovaded &8 babR atrh‘%l@f
intrinsic stress, such _as conpressive stress whi ch

acconpl i SHBRYah Y ét;:fp%ﬁﬁ?la& é’iaS‘r‘“%lel’(?c’c“l ﬁdatﬁeﬁa@ifﬁfwgp%%%ne?ﬁ? sacgififiphg

a PECVD RRAGASI19 syl e YRIidek OWMR folin to'f'(%m?rab proPl€ait madrRl, SQHl e Bdbgt or
device 100 may be sub ected to a process removin naterlal for

i nst ance digxife; Hiat Bry |b§ dsposiled g rﬁli‘ec%ﬂsmrfﬁc‘ﬁdh?s@élls‘ﬁélt? RidHep: puships sub-
Progess SEHMpRGER: cheM@aiZ\%Q{ &%gsgt?’(gﬁ@ydm(,)gl%ﬁ qg&%? %lasma enhanced chemical

vapor deposition (PECVD) on the basis of TEOS, which may also be used for the formation
of an interlayer dielectric material in well-established CMOS techniques. Similarly, the
etch stop layer 120 may be provided in the form of a silicon nitride material, which may be
provided in some cases with a desired type of intrinsic stress, such as compressive stress,
30 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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Figure | c schematically illustrates the sem conductor device 100
after a correspondi ng CVP process sequence, which may include a first
CWP step, in which excess material of the sacrificial layer 119 may
be renovedwaitdiszb@si s of a sel ective CVP reci pe, whexeiusddeosbeh
stop layer 120 may al so act as a CWVP stop layer to provide a high
degree of 5 Il IBLer )
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structures 11 ure Id schematically il]ustrates the
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etching, for instance, polysilicon material with respect to the
mafléri al of t ﬁégusvaddi fchanalcallaylbstrdie tan sentibendspac deviet 0@ tinrae further
For insta ive i I hi
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el ect r odelstialbatedrespd¥eyr mcm@yudlﬂdg,asr la!:taﬁoedpolmic)ﬁh hﬂmmi wil$ reagbdct
be explained |ater on with reference to Figures 3a- I n

ot her il I%dks Aplepdl enihsderiinial layend 131pg t%ﬁrﬁ?‘*&‘ﬁt“‘l‘?‘?rerrh pEor instance,

est abl i shege@iVe thigpeb 28 s%lc@ﬁve%D&Eiﬁﬂg Bt MALrid et Gdserlc8 OF BifiSon AbBLiaH
provi de the desired degree of etch selectivity with respect to the

mat er i al sw@pilicppenifileaasy by ysge forthis prwoss Meravaolbe rich @miientbiZanpnpe

1195 For Lxemile withM Qé}?au'a |dl=:gf§é bR ot EpyE TP AUWTBEH relizblS PrtiviaPOf the gate
including TMAH (tetramethyl ~ WO 2009/ 032230PCT/ U82008/ 010299 ammoni um

hydr oxi degfecirede matenigidd 2, wﬁFérﬂéiﬂﬂeWHf fhe sparst Bastuse 4. gMoreover, a certain

photol i t Q@g{ﬁ %otﬂu%gonceﬁ;{m&@st 82 ly a éé’éfaﬂt Eﬂl §é}taﬁ¥dri—r:gﬁe§ of [1kdef @RRE &I

provi ded | rati ons ' ‘ er t erat ures.
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30 3q.
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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5 approximately 80C results in a silicon etch rate of approxinmtely
23 Jimper hour, wherein the selectivity to oxide is approxi mately
9200: 1 while the selectivity to nitride is approxi mately 30000: 1.

Mor eover, wbnRaeodMH i s a devel oper material, it may pPOkUS2008/010299
substantial ly attack resist material, so that the etch mask 121 even
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15 avoid a direct contact of the high-k dielectric material 123 with
t he sem conductor material of the channel region 117, since many
hi gh-k dielectric nmaterials may result in a nobility degradati on when
bei ng i n diveewtoneens act with a silicon-based material pcThe2éehaetric
material 113A may, for instance, be provided in the form of an oxide,
whi ch, however, e
t hi ckness corrpFa% }ifeoS%P%é&ggnﬁ ,11"!';'1%%%%1 (g{ﬁ ‘hl C d)é‘b'&%gtﬁg lga? ﬂirf)fr
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respect to the sacrificial layer 119, thereby renoving any netal
residues with high reliability. Figure if schematically illustrates

the sem conducpekerfigMidutiod & i@l 100hs SRWRAlIEFIZAR 1&fmay be formed on the basis of
the following processes. After the removal of the conventional gate dielectric material 113,

25 the dielectric material 113A may be formed, if required, on the basis of any appropriate
technique, such as a wet chemical oxidation process performed on the basis of well-
established chemistries, such as cleaning chemistries, which may provide a substantially
self-limiting oxidation process with respect to a silicon material. In other illustrative
embodiments, the previous removal of the conventional dielectric material 113 may be

30 performed on the basis of a highly controllable etch process so as to not completely remove
the material 113 in order to provide the layer 113A. Thereafter, the high-k dielectric

material 123 may be deposited above the dielectric material 113A, 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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15 the above-descri bed process sequence, wherein the device 100 is
subjected to a selective etch process 125 to renove the gate

el ectrode material 112 of the transistor 150p selectively with
respect tavoudemasenent gate el ectrode structure 110wcTads2608@10299
transi stor 150n. Thus, the etch process 125 represents a self-aligned
etch pro 0 uLrin a ar
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b: oc keddtbdfhn@c]l.hemdj&\illﬂ(e depeRting bmmwh?gel*nfgdmmaea&eﬁbﬂ QF‘tlalhcegﬁﬁ“eantalum
el ectrode structures 1 ne 251 n one i ustrative
orBodi nomee prige Siiaft el BB PRt PSR b B R or e a6 4 et
chem cal etch process using a solution of TIVHA, as preV| ously

expl ai ned, whjich g%y not subst ant |0§ y renove tnge hi gh-k dielectric
material and YWEARE; A1e GresHBAPER| £rs gt Agt Ficiy &° ramevediTis,

the gat ength@lee6d hi GafTBRbEA ICMP frbdesSaY wWhEchl BERMRHAaPSIARS DRFART Blcrtig
gate diel ectric material 113 may be renoved or nmay be reduced in

t hi cknes®ay 26 aps #0p el yin onlsr Wa¥eYidapmdanged prcfase glagsity apdyrefiphly remove
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renoving or reducing the gate dielectric material 113, a resist nask,

whi ch ey e sgecvitdedthi respacher thaesprilecialrlayes, 11fmihelsby rremeNieg] aon mernd

basi s of d pl asma etch processes using an oxygen
pl asma. l‘\/\%8%(’30“@?0‘1%12Sg%%ﬁ';t/yUSZOOW010299 Thereafter, an
oxi de-based dielectric material may be re-grown, if required, for

instance, on F&%ﬁ% P%h?rﬁﬁ ca lilﬁszt%&% ﬂ?ﬂoﬁk\?doﬂﬁ&%r\ﬁ%&lﬁé (1)(%@“4?%& pc;,ngai\!tm'ﬁ%tf

substantially contarning naterra acenent
gdbe st rthctablm\e-dﬂc@lbsd nsmctss saqlpnwcmgresemudn‘oee @0y isbrmbjeeed ar amdedtw.e
depositi the -k _dielec r| i tion
561 an SEbaET Ko ierar Eottdtermas b 3r oRU el ordSeprRgE

wor k f uneith mspefcone atrlalﬂa¢en&nsgm@¢ctrﬂ1&5ﬁpmcmi‘beneabf e traasigtoredSOR S Thus, the

terial d, f th f C\VP
or ovi ousiS) WEGEY [ BLIERTER AcPEPGHER b 1R PARGR<CuFnagbren e 1
g schematdngidlor y150h,| theieb@treducingepdests comglseitr sickey theeprdédSs abs anayt be 10

c | etion. of the above-descri bed proce se the
?gﬁm stRFFToNR WE’b‘?‘r‘b @i 1HRQerqnRy mash Pg ﬁsbe &é'%é‘f @’é"tfr"&d‘é‘r‘]bvgfl‘ﬂ

110n | NCipete 18- B@exhhg@n&s@ﬁgedeﬁﬁﬁeﬁ infayMRUEEd ahenlraa aftit dffi etch process

met al - contalnlng?naterlal 124 having the approprlate wor k functlon

wher ei n, 157t mppalie have to preblgeked ‘H|°§TeééFY‘F%arﬁﬁ%é?|“ﬁ‘P° 148 gomgtigal gate
provi dedslecRiofd didictuyes atd 8 bk hsdinddor 150p conprises a repl acenent gate
structure 110p including a high-k dielectric 15 material 123, which
may be the sane material or which may be a different materi al

cogpared 10 tREnSHRNEHNE Embddifen ARElsTRA 280 loBl:Bi1 AT i RIrBHkeR as 136

for instance, a titani um carbi de based material, which has an
appr opr i cherricabetrh Proaess eiRg f oplutioneof TMHE, 8% mﬁwpe@pexm@@ Whichimay nehse,

the gat ugétﬁlcﬁﬁg‘}énﬁ Vi féﬁﬁk R8eRE Q}ﬁg&gﬁ addfmé QR 'R e ¢ gl%cﬁr?cfn# e 1T
require ey |C|a naterla renove rther
pr ocessistyciofe tide. ThOs,dkw gaeditBorivanatdil ¢b21mambedcmveti Iaed tlamaéerahe

wel | - est es, .such the R f, Ni tressed
di el ect 18 Pc (51?,1 &9 ¢ %&:nafnﬂl‘b‘ rgz{yhbe r nrxea\ﬁ ?Ioé fiay L iqocbl%ccp Tég cknessg greaous%?
30 descnbed w:th reference to the transistor 150n. Prior to or after the con’espondmg 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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Figure | h schematically illustrates the sem conductor device 100
according to further illustrative enbodi ments, in which the

repl acenment gate structures 110n, 110p are 25 recessed on the basis
of a sel eciviovapaizee process 127 so as to provi de the poswkbhbdaibysf or
depositing a further highly conductive material in both the
transistors 1 0 '

processi ng of %?%gaf Zv%céﬂ%g&%%él% gﬁf:eélal\r/hﬁl%ﬂ res&& M{J t]f: required, for
sel ect i veahsyance movhalgpsishoé asamnefqoouaaﬂmgi wyter, whith mayinet azbtthmmllarattack the
enhanced degree o t or_sel ect opriate etch
chem st ry ;s guPinepidiapbt b ol fomBi R A AP DA A Sy iy
respect tp@aytlf@eﬁbﬁhﬂbfefmqiomgag @hcﬁ‘hgtuk tdwie&&lcltﬂxﬂmal HdiGywedy thedeposman
ach%eved That is, after} recessin th enlﬁv&b gat ruct

1107, 1165, WIRRFRigtc Jgat-goplamis, A ler ek megicg pr
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any other highly conductive material may be

2009/ 032230PCT/ US2008/ 010299 forned, thereby, pr ovi di ng, substantially
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odl nent s WI

Wth reference to Figures 2a- further e / now be
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th t i .
M e O haghEP S BEERRs CEMLANGE X STSE N bO oK [RPARIRY,
gat& el eatiatadwda lﬁﬁ,t eihlc:hlmavabe bl mahan trgiemigd of rwh@@r may rve dediflcesnhnetsial
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rmretranmgflr asop I'stita
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Cross-sect, onal,.vi ew tor device 5. 200 Si.n
Cuberr or Arsd It hivie B8 eReSETRERONA Hariuasifited 3 RAQuEr Bl Ss if
Furt her rmécgurea, the 3asifisiab ma2oi@IC! 1 %5 nfa reBembvedaanki thsfurdﬁvpmesﬁﬁglcﬁnhe in

a hj f or mance at w threshol d vol tages, of res ect
PPo0 2, e B e Red Bt hRSED St el hEEE BhulfREGReh 58 the
st ruct ur @radflondhidey sifpeaartbchit Matttigubloveline keesliskdrs 1508 adopgat e

structure in a later process stage. Simlarly, a transistor 250D may
represent one or nore transistor types 20 located in a device area,

in which the nce,g%&etrﬁls&&ngﬁt:zﬁlyehm@ttrit@oda]esge&ru@dnuﬁ&orZa&:des1dma§¢c@aildgyto
adapted so as to conply with the performance requirenments of the

transi st Jvﬂlws@ltystr@tmse&?aémenss iny which Hheareplpeaiepogme sruchetsullenkifp gre

thestransi@tRh of IRPLIRYofCOMULISE etch 'bréc@&sslﬁ%%%tdﬂédl&gthétp@&%m@ for
metal silicide region 211, a gate electrode material 212, for exanple

provi ded deprsiting # durthenhighbl genduptivsnmatarial i o éhedirensistary il e0mek8p ifal
213, a't Qhﬁdﬁ@ﬁlﬁsfo? }T%Tmce, further processing of the device 100, for instance with respect to

selectively removing the sacrificial layer 119, since then an enhanced degree of flexibility

for selecting an appropriate etch chemistry for selectively removing the sacrificial layer 119
30 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

18



25 thereof may conply with the operational requirenents for the
transi stor 250D. That is, the thickness 213T may be selected so as to
enabl e the operation at appropriate supply voltages, which may be

hi gher conparge/desé he device areas of the transistor r25A&€0osndier
the thickness 2131 nay be selected so as to obtain a desired reduced

| evel of a \ i NSt i j.n
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di el ect r iremowigiefor aistaﬁdeSon thadihef @dpr a‘bcn dteduttier photes81g24:3 e continued
Furgherm)rgé tigced tebr ansi stors 250C, 250D may conprise drain and source
regl ons J15°5HEG@8Pecti ve netal silicide regions 216. Furthernmore, a

respective sidewall spacer structure WO 2009/032230PCT/US2008/ 010299
214 may be pr de at si ctive ga ctrode.
structures 21 BERFE(O éng%fc% ?‘{ (,EV‘QT“ |35§'§$"§T'§ ‘ﬂ %’hg? ﬁ&stcfig%' Wth
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sequences [fj formng a 10 high critical oxide-based gate
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L o0 o dRongaalyb e 2ae gmede OB Biof theariubt D Say Eotartist f Bt
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described later. on in rmre detail. The renoval of the netal suicide

regi ons PIVided ip Shbfme st ARt iceps é‘“ﬂ)@r&aff’o‘i‘ielﬂ‘%"c Fragrigh 2L @ thickeesy p 13T
maberi al R dohlyek s bptatidElq AR AB Yo AGHME 158D dhans, thie

basis of a non-sel ective CMP process as previously discussed.

Ther eaf t dhickngss Hagmeayrbeselected f’t(’r?éé‘i‘ ap3hly treperalay alippippEde sePliassng

desired d@yic Fia 1R gnc? Uehpasd kdend 1ARST SEAT o2BERrandiBEr 95600 MREFRS
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r enovi ng thipknegra? 8 Tanwchy ssttstedne e toadbiain 2 dewted aeduged lpvelef deakage current,
sacrifi C'a?"ma{?aﬂtgrfbtalins%}lgc, qgtféured in certain memory areas and the like. It should be

30 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

19



30 the spacer structure 214. It should be appreciated that, in other
cases, the sidewall spacer structure 214 may not be provided in this
manuf acturing stage or may be provided in the formof a noderately
thin etch gbomomaizeri al, such as silicon nitride, whi @oramiobeozye
advant ageous for the further processing in view of providing a
stressed e t r enhanc f f
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wel | - establ i. t&ed pl asma assisted etch chem stries for etching silicon
in the prpesénce of nitrogen and oxygen, when the gate el ectrode
material 212 is substantially conprised of polysil | con For ot her

mat eri al s, other, appropriate etch chem,s
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that is 25 ada o provide the required | ow threshol d vol tage for
the trandhatths e&% skl e 6 &PV e, J4UiRE HFSRnG; Lieh e S5EP S es

the gate flce6dd QRriAl Bab W Snatnt&lned) BVBNE Fornpbt AR Uk whild 8e BBcAbedShie 64 de
region 211, including theagortl on 212A and the initial gate

di el ect r e Mogg/taib 1Téw repmyag o e pytak siHedntesoas i 'PICPEEEW‘&I"e‘g‘“} #eortion
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recessing the gate electrode structure he rep acerrent gate
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et al MY or removing the gate electrode material 212 selectively to the sacrificial material 219 and

30 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 230C. For example, the etch process 222 may
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WO 2009/ 032230PCT/ US2008/ 010299 be sel ected so as to obtain a desired
hi gh conductivity of the gate el ectrode structure 210 w t hout being
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transi st or ointhee nts iFlustrated
wi ih ref enaterod thtb tﬁp ghangsl 2giog @17 amyerdct ibeidesitedprbbesmentby ue npmoprje be
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conpl et i orang$tov2HPChi gh terrperat ure process, while, in sone device
areas, a portion of the initially 25fabricated gate structure may be
mai nt ai ned t hroughout the entire process. Wth reference to
Fi gures 3a- 3qFrg°utﬁ’2d’IEhcrhzitchI|$3t flasttars thndode 200 ti8ervthd hbdye-ddesbed lbeniss’ n

no det ai | roces st eps enbodi nents descr.i.b Wt h
"opf, oreaeqisned sl ALE R P HCTR abEE Batined CE IRER r g ray TRE AT
SO0 as to abbt@byidiappr plptidrate surbe ﬁ(ﬁjﬁ»hﬁlﬁﬁﬁeﬂhug&ﬁ@trsﬁsimtlﬂﬂe&oﬁ@hsdﬁlzgh
performa transi stors

Goncur r ertSFeHETnEdF et ;s Zébﬁadf’%,yf‘%ﬁfg G Mk %‘laletF(ji B ?&it e
el ect r 0dgoSdityGh bbBBindtdnGRiH Rz d@MI o @edic@PSonventional gate dielectric material
213A with a thickness of approximately 4-8 A, and a metal-containing material 224 that is
25 adapted to provide the required low threshold voltage for the transistor 250C. On the other
hand, the transistor 250D comprises the gate electrode structure 210, however, without the
metal silicide region 211, including the portion 212A and the initial gate dielectric layer

213.

30 Figure 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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illustrates a sem conductor device 300 in a manufacturing stage in
whi ch respective transistor el enents 350n, 350p and 350D are

subst ant i alvoyomaopbet ed, i.e. , these transistor el enegrasivay®o299
experienced any high tenperature treatnments and the |ike. Thus, in

t he manuf I 298, hi [, I
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t o 1ext endna¢rizh @12 had plss hat thevipitinhy ferimst patevdieledirielilayer 1o n Thereafter, the
Furt her i 0 i i r i

may. 1 opr eant PRESARE SR bR KARTIRRbAR: Bl LARS HAML ol e P
conpri si mgd arpapimgopdiciattec dopaiat pricroecilontingtsilagfeatr me@tliratng fjrs. In
transi stor, 350D, and i ch . i iffer ielectric
char act er1t oo BRsails™Y oMl Ml P ruRiED o OB BL ISl e,
t he trandiigipstre’ed nBE0R, fieindomce per ahadimgf thapdifoghaice ope atusisgor 250C.
vobéage, thereby requiring an increased thickness of the respective
gate dielectric material and the like. For exanple, for the

transi stor 35Qhus, td@® Bare ahbddandnds URraApP lwithakf@ERy 10 USLyee2pbai aed

with reference to the transistor 2 . .30Consequently, in thi .
manuf act GG SSEGE, SCaUOR: B1Y (Hhees P AT St & PEBOSFEes il FompBit vy
conpri se ¢@nveatieal StkdideidsORhdralg a Biph3d hetaBo AOAME BE fRiad afgR iR RheetibreE
material 312 and a gate dielectric material 313, such as a silicon

di oxi de B SUBIRTRACTAITS RRpSHeiHIle] 1 SRBC AV IGE D ¥ @OBIPB IR e rpitially
t hhgknes g3 katd BRY sBRuAP R BE ndin@ide@lthbighcaP@E 8htlr@proddsst he transi stor
350D, as al so previously explained with reference to the transistor

250D. WO 2009/ 032230PCT/ U82008/01_0299 _ Mor eover, in sSone cases,
a spacer strUGHH Redoie E@#iﬁ%l%% %%e{,'ﬂhﬁﬁrgﬁus&amvﬂﬂoam%tstm bk &ribed

el ectrode structures 310 a i n other cases, the spacer

st r uct ur én Zofe datpil himy whisle drocessnissns dofathe embediments rdesaribesh with mésteate to
sui ci de rﬁ@f-r&nﬁa« ?’d1§ndf ;?ar-irce%a} Be tu@e?i and may be combined so as to obtain appropriate
30 replacement gate structures for high performance transistors operating 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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5 respective drain and source regions (not shown). Furthernore, as
previ ously described with reference to the device 100, one or nore of
the transistors 350n, 350p may have incorporated therein additional
strai n-i ndwoi o@maeehani sms, such as a sem conduct or alrkoyus3u8e1vivor
enhancing the strain in a respective channel region of the transistor

350p. However Sng%r&%’ %}c@@x@% af ?glug(?ﬁ&aﬂue%m&mxct@tj &QlcQ%OQrIQ\é'r%qfaEﬁftné he

transi stor on t appropri ate sem conduct
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of ¢ he 1 PEHRIBRES R, ooRHEnce stiench Bp G BE L HOITORS Yostanialy

i Ihast r atgmptife o‘f‘ﬁﬂ} Wﬁfe(iﬁsu%ﬂg aRieAB0sich adsifistntdidid dientMtide and
manufacturln stage, in which a sacrificial layer 319 in combi nati on

with an ébchkasteny ‘Peasﬁé’f“dsw FRRYFOS TS B5tie EEBiony 1090y Raypigcin pRPremste base

sacri fi cigpad: %&%m{%@,n 58S AT BLe hhi®6r 330n, 4RnPRPIM v@ R gRIneiok H Mg an
explained. Simlarly, the etch stop |ayer 320 may be provided in the

form of , aPBﬁOPTlﬁSt@néfé CORCARIRGiQIp fpr Otmtnéethpretta@tﬂttats $i9oc h Frayostiace the gh
conpr essi, ﬁs1§tB e§§)n%? 1@?&&':19 KGR rARRIOAX WAL &he/ téns'téox@n%so? By €

3¢c schemat i cal es the sem conductor device 300 af
reddvi ng remgseewbeb@nnlmaemﬁats Moregyer, dmeeiehibedigient shgwn, the gansjsgrs 350n,

i nst ancec? BW p%optgﬁ%]csregjec eSS Stfénys%rqgg%ﬁﬁgq ’m slﬁ'te%véa%’%v%rocslft: o

expl ai ne ernt sto ayer act as  a
| ayer. Th&uean‘et%f)S whifluextduds frombowerthé adtivy rergm—%’étl ribove hENRtygrTegios s

gate ol ¢ e S Bofe FibhRcTOT s ol fubTol o
gat e ol ecPrparers fefRESRuoR TR FbhB5ToTR bRkl fulPoh 86
Fi gure 30ble$trhmmcnaé Ifgr an Nadian@d esntister seivk dbeiciomtl aransjam, cespa@ively,
after the substant] al I on-sel ve CNP S {1
nohgsel ec¥ielRn Waﬁrc&? © RIS h BT t(ﬁgq?ngis%oe &t |f§/re35pec I fragpigtor
i.e., thewvigthCliresticap Huatjaa’tno&?,ﬂte dehiee S&’iﬂ:mnﬁ b@n;alse haty.ﬂmst&]_'QSOH hehich may
si dewal | spacer structure h i f Erow ?(gs e netal 5|I|C|dt
regi ons JHFCseRl At LPAHRTTS YP?/ pY'anAr AHYf f%"é‘ Po@?’ﬁ%?"%rﬁ?/ agyopriate
obt ai ned.dopant concentration for forming the transistor 350D, and which may require different gate
dielectric characteristics compared to the transistors 350n, 350p, for instance, the transistor
25 350D may be operated at a higher operating voltage, thereby requiring an increased
thickness of the respective gate dielectric material and the like. For example, for the
transistor 350D, the same criteria may apply as previously explained with reference to the

transistor 250D,

30 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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Figure 3e schematically illustrates the sem conductor device 300 with
an etch mask 321 forned above the device areas corresponding to the
transistors 350p and 350D in order to protect these transistors
during a seloesbireeset ch process 322 that is designed trorastwgbiomel y
10 renove the gate el ectrode material 312 of exposed transistor
devi ces, such as the transistors 350n. Wth respect to the
characteristics of the etch process 322, substantially the sane
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cases, hilgtrReraed BEwr, ol atir Bdeing BeFPERY SU e Sryropducs alic 5y

for instange r@NedndfciNaIheS s@fin TVAHresp&cting EhhiHes lrygiex BF ahd @dnsisté 350p.
Figure 3f schematically illustrates the senrcon&ictor devi ce_300

af ter t helowseRy alcogespphiingmeshapigamayalso peproyifed for e, ragpisioh 50908 18e of
a wgt chajlicat ap'bﬁﬁ)h% sHiiicBsuR ek fdtekigisaci d and hydrogen peroxi de, or
on the basis of a plasma-assi sted ash process. Furthernore, in sone
illustrative enbodinents, the dielectric gate material 313 may be
removed in expogefd b%ga g%'&fafe:g%lbﬁhtﬁﬂ:s PEoomF:'c%gor%B&'he&mSﬁéfm fiR&
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oxi dati on, " posrtion Pl or Ihstance, e nay be

f or med OFﬂlﬁlhECCb’&S[b(ﬁ’ldS)ﬁO a dmgn dhdaessal.e. ox naig&uthmkrmm(f@'sthe uengigor 350D,

a1 ve. ot te. 8 ARl T U i BT 00 LRt e B ©

r egr on 3GMturodanmatetial 3 Ramas be amintaipad, offileatpladep dsi gato elearods iriames
tnent ggy Be sed i.n ogggr3§9 obtain a dielectric layer with a
th| kness i8¢ 19p 5f Bxitatiaes 32%% 320p- \Wo 2009/ 032230PCT/ US2008/ 010299

Figure 3g schematically illustrates the seniconductor devi ce 300 with
a high-k dielectric material 323 and an a riate gate neta
material 324 W& 20 stPeEpical A TrEh s § “&‘ﬁbrdB%F‘i 39‘%“9 a fucther

adj ust i nGdtfiRed MaMFARhSheV@lgk a8 Sviadh 4 Ja@nﬁdran@esg o B c3RBaibd WitPan etch
respect to a low threshold voltage. The | ayers 323 and 324 may be

formed orftapniayasadp enayrberfagpsde tWikk rg9pese &@etﬁ%ﬁ'ﬁlah liser PPelp ée@r griteria
deseri bedipphth 6&&11&{5%31&@& %ﬁnﬁ:ﬁw %%tdqos%@m?e#ﬁ@ mdyHe SEAIRI i% thé he

transrstors 35 may ‘represent N-ch annel transistors, wherein t
mat eri al fefm ohdor myence3 asilipay nhedp matenalewhich maydiaie hrsh@prr@rqsarﬁ srearn

nitride hase %%gﬁhgéB?%?g%%mégggug&gFrther be appreciated that, if the

transi stors han transistors, 10 a respective
nmetal |ayer 324 may be provided, for instance, in the formof a

tantal um car biFgg?lrerrg(E ?Eﬂeﬁ‘lati&rﬂg i‘lﬁ's?raleis Kffe semiconductor device 300 after removing

30 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, 3108.
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Figure 3h schematically illustrates the sem conductor device 300

after the renoval of any excess material of the |ayers 324 and 323,
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has a hi gimaS, ﬁiﬂgé‘ﬂ@.lsmex@ﬁilr&ﬁll vity with respect to the material of
h§ mask 328, the sacrificial layer 319 and the sidewall spacer
Bctures 314, if provided, and the netal -containing material 324
and the high- Ppigﬂ;teekfeszhémmcm} Blubi@diesABS sermeénda¥dNdvise FOSMetihe @@noval
i ncluding TMAH, as previously explained with reference to the etch

process PIshe siehympsk 324 ofgr fnstapas; of We PRES el FleteBispldeips LyRe %rm"i%wi he

process 343 hyddgLthsBlle, of BE uRtuabis TR a pladd- 8RN edBh [pRsERWE FurthdihokQfin
i nstance, on the basis of a pl asma- assi st ed ashﬁrocess and t he

exposed game ilsEptiEtembedimepis: e diplcimigpalsanyeinb bumay betemoygkip exposed
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as a wet em cal et'ch process on the basis of hydrofluoric aci d
silicon dilisrh déoxirigsgedraperiply jaze laﬁee ig esgagredielctric pieul 8. 3Ther€after in
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the underlying semiconductor materiais of the active region 305n is not desired, a
corresponding appropriate dielectric material 313A may be formed, for instance, by
30 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 conirollable native oxide, if a silicon-based material is used for the active region
305n. In other eases, 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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descri bed process sequence. Any material renoval of the replacenent
gate structures 310N and 310B during the renoval of the gate
dielectric material 313 may be less critical, since a portion of

t hese nat ewicado@/omye be renoved in a | ater manuf act uri mgratmps/@anty may
be replaced by a further netal-containing naterial, as will be
described later on. It should be 20 appreciated that, depending on
the etch chem stry for renoving the dielectric nmaterial 313, the
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further selective et process 327, in which the replacenent gate

el ect r odd '€t Paead @iomh:l%ti)eljemammg portion located above the active region 305p

25 still includes the conventional dielectric 313 and the conventional gate electrode material

312,

Figure 3i schematically illustrates the semiconductor device 300 having formed

thereon a further etch mask 328, for instance, in the form of a resist mask, which may

30 cover, in one illustrative embodiment, the transistor 350D, while exposing the transistors
350n, 350p. In other illustralive 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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15 and 310B rmay be recessed, thereby also renoving the isolation
caused by the material |layers 323 or 329 in the shared gate el ectrode

structure 310B. In one illustrative enbodi nent, the process 327 may
al so renmoveigméoanizas of the gate el ectrode structure 3tQueionté@z99
transi stor 350D, thereby providing the potential for refilling the

gate el egy; ﬂ:‘?erﬁrfc%%tu‘rg ro%é‘s@ 32% nZa[y*C\:}qeg%X :&9&]9&%1% igmgnge;éx'gég%%”&?&&hé‘g
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illust ratsebctt\hescsmmco@ddplmtm ofelwi eeis3IBQA \&étt(ﬁémich'leso%lod@ﬂﬁ)m hasam|gfﬁ a
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o of ARy RBLRat BVTGREY Eawathei<L B ety 475 B g 51

obt ai n a ahil ge ﬁmducspme'r biyudiies B 4hifghodedr eel Gt nﬁﬁmaﬁmblnghﬁaterm B4

the further Si of t he .devij.ce_300. For ex ta

nitride &Pdé'[‘)? ?‘lggﬁi ey e “ga}?ﬁu efor %rg?g}p?% e f‘n‘&‘E‘F‘Eiﬂg \?&l“#*fr\q* as
copper nmafr@fidialy, ex@laiiedywith RFéreiBRb QRS Ealh §rddBdser25alngy boBed B bisigd the
provi de a conductive connection within the 30 shared gate el ectrode

struct ur é—le%féée lgerey ity dugng ts\presessa2hi Jhergalicoibreteh PaskBanaydisdempPYhdng
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Furthernore, the nateri al have a desired hi g

resi sti vila¥prsdle an’y&fﬁé’@?"qdd”éhfeﬁ eianifeanly sedupeskin rﬁéﬁﬁ‘ﬁf‘r’@' qnmeppropnate
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hi ghl'y stressed dielectric material is desired. For. form ng t

mat er i al d330de hapsd mgpapIE aewsidgegosi ti on t echni que WO

2009/ 032230PCT/ US2008/ 010299 may be used, such as PVD, CVD,

el ectrochem cal deposition or any conbi nati on of these techni ques.
Nex$, any exc&&mramit whemticefly ilhetritesyée sgBBonhytobderiendibdiiarhe heove-

basi s of d%lg&? ﬁr%@ésgye%%%ncgs Aplg ?11\,\}169 lﬂﬁjepﬁogzﬁ oF {hl l? (ijace(}I;Frﬁ fe%t ure 310N

selectiv asl s
of the saod Bl@B:dlaingI thtyemo@algaffthﬁl gamm:ﬂeda}c Iaatnmi 3 15%5{ bclaswem@hpsisteeqa

for reliabl n netal res

o hemat | 28ren” Sl Pa@hlls TRty e, LERELEE o oter mopfatHififie 8 oo oy e
above- desqﬂadaédy priocies Snesdguaninmg nded g as twWikk bel desicdie:d36r aoNpshadbbé he
respective re ement ateeectr de.structures 310 3108 an oP
ool bReeaRed BRT s Rt ebnth Gt SRR Pe ol e et C BBPrSS o

hi ghl y cmmduighxkve;e&enﬂiaemetrmﬁ MmeMra@RAy én ah@oRCHT & EARINGSUsSRRO ih Qhe
above the active region due_to the nmetal 330, while the

transi st SFPSEBEN BT L eat Chie Bes thoa%a&&f?lﬁ@ﬁﬁi@ﬂ%%ﬁ@t@ﬂﬁ'| may be

cont ai Ni RIgpARitBPbE bABrwde2Bréd, theinbtiick b3l oxg@ah@n af eGfire@0@ni¥Bt & d Alrthdd 2
and the initial gate dielectric | ayer 313 while the material 330

provi des 18hHk &ﬁﬁesﬂle i eilc a2 ﬂﬁé‘?‘é"eéF%%‘t 30pemayt heepaidered inarproniiateyith he
inpsial mebad 1$ith bl 8RRt chalgBiriBARREEN TR RE MAWxidddnihe

pr ecedi n%epr 0oCess sequence.
grown, as is for instance described with reference to the device 200.

Figure 3k schematically illustrates the semiconductor device 300 in a further
advanced manufacturing stage, in which a further high-k dielectric material 329 may be
deposited, possibly in combination with a previously formed dielectric material 313A, as

30 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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Figure 3p schematically illustrates the sem conductor device 300
according to further illustrative enbodi nents during a selective etch
process 331 to renove the sacrificial |ayer 319, wherein the netal

330 may prond Meydshee desired etch selectivity during 2QThRS0gi0mess
331. For exanple, in one illustrative enmbodi ment, the process nay
conpri se y r
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portions, if a respective intrinsic stress may be consi dered
ina%propriate for the further processing of this device. For exanple,
in sonme ill ustrigutd YEscﬁﬁ’ﬂﬂdhn@ﬂhﬁtrz(tEbOﬁle%E\ﬁi&ﬂhducﬁdﬂ@leﬂ&@ﬁﬂ(ﬁﬁﬁﬁb byl 0820
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material is desired. For.forming the material 330, any appropriate deposition technique
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25 provided so that the process sequence described above may readily
be expanded to various types of transistors 350D requiring different
initial oxide thicknesses by appropriately adapting the respective
etch nmask ¥2%equmeesdigure 3i). As a result, the subjeetTnaich®610299

di scl osed herein provides a technique and correspond- 30 ing

sem cond i.68s 5N abl i ah- te f I i
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significantly reducing the degree of process conplexity. Furthernore,
in sone ill usthigtd ¥p sehbodicatbnilbistraes teesealitondedoc devigad@ haioghitg nay

be 15 acc | i shed,. whi l.e neverthel ess providi ng enhanced gate
Conduct i VPTG THEFLT THSPIEN Sigat ooRah i agorat Pt tPntemors s
gat e- t 0- caaifaid lgapHe] vhaen, thé merakbkd) may prbere erhiasicidrgchpekéyinainasg of
th% transjstors. ;pe(Parti%uLar e odinentg %iscl%ged above are .
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art having the benefit of the teachings herein. For exanple, the
process dieydeddntherfgpy af a3l digiydages ?‘Efl‘fﬁ'éﬁeffftﬁ’ proyfing afughdegienaf |

Fur t her M@, col@oll siddk: HRtgr&Rss $918ndynbRmtedod 6h thBercHtapithyer 950. Depending
construction or design herein shown, other than as described in the

cl ai ms beinglie fyrthey devigeaegtiesmenieyihe sk stomdeyer FE0 gy e e dPmeyrlotli lrasht s

di 96! osed; b oMaidRYice BERiod, ie! €eiveehit QetsaRdy 8 LonsideRd URPHBEHRNS

are considered within the scope and spirit of
for the further processing of this device. For example, in some illustrative embodiments
(not shown), the etch stop layer 320 may be removed while also removing a portion of the
sidewall spacer structure 314, if provided in this manufacturing stage, thereby enabling the
deposition of a highly stressed material closer to the respective channel regions of the

30 transistors 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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the invention. Accordingly, the protection sought herein is as set
forth in the clains below. \Wat is claimed: 1. A nethod,

conpri si ng: formng a first transistor above a first device
regi on, saimd febgi®b23bransi stor conprising a first gate peirastogcie2so
structure and first source/drain regions; formng a second

t ransi st ofimlady,e mSp@etMrsdesﬂed/diielethiegiamﬁal may be femed sbdve anssissdraiSOD, if
conprisin a second te el ectrod structure nd second, sour eggraln
regi ons; APPrOpriaE dopenting an the ‘Pipf‘s?&&*qsﬁ&?ér qaﬂéeéﬁseéﬁ&?BStgﬁéﬁy axgd g
first andmaeganéapakepretidad absle b rtumtlstbe$5a1)d i agh eRferndRis@eskindatingnd
second sourcge/drain rs gi ons of salfd first ancgysecond transi stors;
form ng aMSEPPHITIOANY WAPRIRRIAE fonthg seacile 6p2c4yer ;

expgsing gate electrode material of each of said first and second

gate el ectrode structures after form ng% said etch stop. an
sacrificial |dy@s;3q schemajighily, djusigatesyithe rspmiqondictor deviget ﬁ%eﬂfter the

structur ecdmﬁléinoﬂ Jf ItheS hibovEREREBEE Poc @R L quShdel CTRY: s, QHéTBEﬁs:fs'td}Q 380 - K
dielectric material and a first netal -contai ni ngvgate el ectrode

mat eri al RWvE femed theraabey cs@isgroatssly SW%WS‘?‘%‘F@FIC €337 fvhich may have a
renovi ng gk thudREARhpaalife @J @il QSn Sdepbifeli E; &n @8 tﬁ;&%f@ﬁélﬁopfSllﬁi]&

sel ective etch process while said firs acenent gate el ectrod
st dQct ur eth gangiste ﬁ&mmsﬁaa\tedomddh@eabem i U‘Epf@tltmhﬁh]d@@%fid material 332P

form ng awﬁl?ﬁ:?iél é@ﬂ: eaﬁxﬁﬂ‘ré{& J&e £5ChERAde m%tpfe&‘t%I-rH e 89[!18%& Ao,

hi gh-k materi a a second netal-contal ni ng gate el ect
mat er i al ; while the transistor 350D has formed thereabove a dielectric material 332D which has an

appropriate magnitude and type of intrinsic stress, which may even be a substantially
neutral stress level, depending on the characteristics of the transistor 350D. It should be
15 appreciated that, for the device 300 as shown in Figure 3q, any appropriate process
sequence for forming an appropriately stressed dielectric material above the respective
transistor elements may be used, wherein, in some cases, the initially deposited etch stop
layer 320 may remain over certain device areas, if the corresponding intrinsic stress is
considered appropriate. It should further be appreciated that the transistors 350n, 350p may
20 represent any high performance transistors operating on the basis of high drive currents at
low threshold voltages in combination with high-k metal gate electrodes, while the
transistor 350D may operate on the basis of the initially formed gate electrode structure
310. In this case, a plurality of different initial gate structures may have been formed, for
instance, two different thicknesses for the gate dielectric layers 313 may have been
25 provided so that the process sequence described above may readily be expanded to various
types of transistors 350D requiring different initial oxide thicknesses by appropriately

adapting the respective etch mask 328 (see Figure 3i).

As a result, the subject matter disclosed herein provides a technique and correspond-

30 ing semiconductor devices which enable high-k metal gate functionality, while maintaining
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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after form ng said second replacenent gate el ectrode structure,
perform ng a second sel ective etch process on the basis of said etch
stop layer to renove said sacrificial |ayer from above at | east one
of said fiwsxzeewndz28econd transistors; and af t er eCamsuiosigozai d
sacrificial |ayer, renoving said etch stop | ayer from above said at

| east onembpddedisemicprdyctoantowesttmsimemanizsition tachniqued, i dhechmtuboth which
claimi1, wherej. I i ect | t e i romed. Q
the bas SCOR EBnEAS b Sl Bl Sl BBl B AETE Byt ATAS B B
hydr oxi deig{dTdispyer t@ estdlsh mesthowd sfatecdigharelgroburseheondompmsdriagy even
sel ective emyvin terial qf said.first second repl acenent
gate. ol ecttion YAl TR Beioveinel Aob el ARBReREOI AaRH RN o
r ecesses diiclobedahérhinr shayredsel be adtaiagenuglynedngrinall with well-dsoablistet hprdcess

laim1, rei id.fi.rst tal - taining. materi al . first,
vor kT undt B S abhE b BT h ElRE oReal al Fobhiona
wor Kk f unetaheiftodilefnertits ngichr gnisadisttedsed SinervmigtodchBChidohe lilke, sthanieliiod

of claiml, further conprising formng a dielectric |ayer haying an
Cntrinsi ¢UPPEEGUERE IRY HodHieaten BnBeisrscaunEEs | siddiiog, Wtogtglustritive

transi st @mbodificas, the FENANG SPtdvaRiohdl fda eldctrbdy Qfuctur&. byThigh Hafid1adriof
claim1, further conprisi ngh,. whi | e renoving said etch stop | ayer,

r effbvi ng Atal) & UUELEBT Fragnborocqmelidedenn HEpher ofsprliica sall mypbetd obn
si dewal | sa@fiodll nh-8Ra 12 »ﬂﬁclﬁda? bkl dc8dmpREkSBE BAoriiRNS hihRS Slective

i
The nethod of claim1l, .Purt er conprising formng a third transistor
havi ng a ctRineFeydPereasssing agdie deciroda Wrustugh ke pretente of rapiaeskedmegh

and mai ntgfsNi I (0 L] ghe! o) i .sai d
third ga{ggtleeIsg%u?}%detﬁ%ﬁyu%éggﬁ&mn@éuecgl?gtaclln ng&\g(séf:firﬁdq’;3 i fgl]sa{:egggat@dem E%u@'
el ect r odéughrmerey i semel iustrelyengminginensse @o iy egpit redused @ateokpdght may be

stygctur %cconﬁzlis%lﬂe Wik hﬁ)&re%el&k a%mi(?in V\%}lﬁgrﬁliﬂ&] géa%r %&ﬁc&ﬂé d “ff .6¥€§l]i 'the
second and third transistors conmprises formng a gate insulation

| ayer foredsaddd gdt hsight seyowshlaimdativerdgaie-erensroraasipnes thaelahether
char act ereh}?a%;ﬁ@ Pg&&mmr&q)ffﬂ%rm{nggtmspg said third transistor.

The particular embodiments disclosed above are illustrative only, as the invention

20 may be modified and practiced in different but equivalent manners apparent to those skilled
in the art having the benefit of the teachings herein. For example, the process steps set

forth above may be performed in a different order, Furthermore, no limitations are

intended to the details of construction or design herein shown, other than as described in the

claims below. It is therefore evident that the particular embodiments disclosed above may

25 be altered or modified and all such variations are considered within the scope and spirit of

the invention. Accordingly, the protection sought herein is as set forth in the claims below.
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9. The nethod of claim11l, wherein exposing gate el ectrode material of
each of said first and second gate el ectrode structures conprises
renovi ng excess material of said sacrificial |ayer by performng a
first chem cal - nechani cal polishing process based on said etch stop

| ayer. 10. The nethod of claim9, further conprising performng a
second chem cal - mechani cal polishing process to renove at |east a
portion of gagh of.said sacrificial and etch stop layers, and an
upper portion oﬁiy of each of said first and second gate el ectrode
structures. 11. The nethod of claim1, wherein exposing gate

el ectrode npterigl.Qfd 6achisal: said first and second gate el ectrode
structures conprises renoving only an upper portion of each of said
first and secondoitse Eptdatsishyabayt p st dhviss regopgiddiagt Hansiior pompelpiag a first
| ayer priorgicidertagicng st fduksiiragat8oR| ect rode structure. 12.
The nethod of claim1l, wherejn replaci%ggsaid first gate el ectrode

structure conpr i @EESATFERE [RASPPT oKt $EPIGAEEcea Pt PSHECIPEIBIIHY of
said first @adpfsie eetonddee stdiidad duf:@udbhhdecdne BRvaldrof regiohsgl upper

portion thereof to.expose a dielectric gate insulation naterial,
Porovi ng. oai o cifBREEATEGE gt B AC G bR F oA ST TP b e
di el ectri c steplracedenh ofaidiritnsdidcadnd @oureeat e teglonCaRBd (18t d1g s&and

hi gh- k natqyial., 13. The method of claim 12, wherein form ng said

. . ransistors; . . ! . .
dielectric replacenent gate insulation material conprises formng a
first dielectri domaigersealficahidyd erove il Scistbplidygh- k di el ectric materia
on said first di ri ial i
wherein gate eIé%%%béghﬁgggﬁggkﬁgffg%%ﬁ“%@%%ﬁgggggxg%g%kgﬁﬁg&%mﬂwmws
structure iafterfermvedidpchatogendseerifival drys;et ch process. 15, The net hod
of claim 12 whepgiohe9al ErehRONLANR SRLEE Ltk o Rl SRSk o Rk

el ectrode structure I's renbpve y sel ective wet pr ocess.

A et hod, ceomprisiag afgeh-k diclectric meeripl #g ading imetst-cogisininediniscleptende msterial sthile e

in a first Qevingsaid &6R% ANy sp6ANd gate el ectrode structure in a
second device région, each of said first and second gate el ectrode

structures conprifBvts sad gerew gairleEgde sirctiretdbs papis obhisigelgaive sich process
el ectrode ngtiRGAidkist SAhdmGRlee cloGHitHuOHredd AdoRRpdsbLio RAY k@t eldhpfdcess;
t hi ckness according to a desjgn thickness of sald second .gate

el ectrode st ructRfffisa secondrep %W%teé%c%‘{déﬁtf PO Ry ERS %*H%“‘émate”al and a
sacri fi ci al setay ektaphamaigael cetusaidiefidly St and second gate el ectrode
structures and a ogﬁésour@e/dr re ch of sa

\ i ions of each of said first and
second gate el el FgtanE (o qpLismlacein Bty gleeirdR rogiire SRt 98 o
said first sarectiv_s etmptdcagsactrﬁheeﬁaa‘_e bf spdetcd biop by tesnboe @Mpmiﬁcisﬂhﬁl- fabe
el ectrode npter alo DASed:PR.ARh &51AMS490 ANd sacriticial layers;
after removing said sacrificial layer, removing said etch stop fayer from above said at

least one of said first and second transistors.

2. The method of claim 1, wherein said first selective etch process is performed on the basis

of an etch chemistry comprising tetramethyl ammonium hydroxide (TMAH).
3 The method of claim 1, further comprising selectively removing material of said first and

second repiacement gate electrode structures to form recesses therein and refiiling said recesses

with a third metal-containing material.
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formng a mask to cover said second gate el ectrode structure;
selectively renoving said gate el ectrode materi al and said gate
insul ation |layer of said first gate el ectrode structure;

replacing said first gate electrode structure by a first repl acenent
gate el ectrode structure conprising a first high-k dielectric
material and a first conductive netal -containing material while

mai nt ai ni ngs sai drigadetiot B8dHiAtIL WRerélh Qe rhcbal-3HehiAn DAL EiaORbs @ftirs dbodt
gate eIectr@de naterlal q{ gfd second gate eIectrode stru&%ure and
after repl aBPHg &3 5aidspoeag myaleanampg Maishy haydsgeand rark fusher fiHe nediod
sacri fi ci al saldayemoandngi@ahd etch stop | ayer from above said
source/drain regions of at |least one of said first and second gate

el ectrode structures. 17. The method of claim 16, further conprising
formng a ci)nducﬂthev:etmabem:all ﬁl’thﬁadndptfslngﬁhmm@p|da:lbetﬁel’atyetglat£g an Intrinsic
el ectrode Ss r%sl'é% (l)'lee%t Eeasgone oI 1(? Con d iy Ct rﬁOde b UCtd fJ IF
conmon process seque ig Re net?‘f1 a" THEPM7TE, "R er 8 h ' et
repl aci ng said flrst gate el ectrode structure further conprises
formng a el ecfyr I tion
| ayer and g%pos?%?h%dgg%Fllﬁﬁs@ h& ﬂ£§g%¥q%ggﬁ??@h%at£%?a“Qﬁﬁ!p

di el ectri c weperg #fleast apgrtioThiga Wh?b@awr stalc@iorferi@d of sidawaly of@blepst pr@lOﬁg

form ng a tdigmsdat &cslitalsase structure of a third transistor above
said first device region, and replacing said third gate el ectrode

structure with a second replacenent gate el ectrode structure

i ncl udi ng a7 second nRitgh koMt efultid: c@RHisRg 3RERBE nGAREEtdr ¥ing a third gate
nmet al - Contalnla%P ate el ectrode material. 20. The method of claim

19, f urt hercIECHAfsastg aayF ahitg devigeirpaiqn aaq paigeining LleashyPqrippel safpel¢eirode
sai d first hitansbshialhiangdicalesReo Reichid WIRs dpREHE tandrithay@ tleaRAY rgald
third transistor salg first agg second stress-inducing | ayers having
a di ff er ent®fYFEVEL ST peepHEle CEFFWE STl The method of cl ai m 19,
wherein replacing said third gate electrode structure conprises
removing sajd t a Ie tr tructu

Coloctive ebon prbEulBe g MSTuPriE bl G ire ShaBRh Eutiund cquprises
el ectrode stbrmuicg ugase 1a$lldi1tlsmia§zbr5§cﬁ(smﬂﬁisgaetcencbinédmﬁﬂal:ﬁlssﬁsfsuet wheve 22.

The net hod ¥p i.n ective etch process is
per f or fTEd OC(ri:larta?C"[E!l%ECS 1ecgu’ire (6} ﬁ?ﬁﬁng Sal tgmgteanmsto

9, The method of claim 1, wherein exposing gate electrode material of each of said first and
second gate electrode structures comprises removing excess material of said sacrificial layer by

performing a first chemical-mechanical polishing process based on said etch stop layer.

I0. The method of claim 9, further comprising performing a second chemical-mechanical
polishing process to remove at least a portion of each of said sacrificial and etch stop layers, and

an upper portion only of each of said first and second gate electrode structures.

11. The method of claim 1, wherein exposing gate electrode material of each of said first and
second gate electrode structures comprises removing only an upper portion of each of said first
and second gate electrode structures using said sacrificial layer prior to replacing said first gale

¢lectrode structure.
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12. The method of claim 11, wherein replacing said first gate electrode structure comprises
selectively etching pate electrode material of said first gate electrode structure after removal of
said upper portion thereof to expose a dielectric gate insulation material, removing said dielectric
gate insulation material, and forming a dielectric replacement gate insulation material comprising

said high-k material.

3. The method of claim 12, wherein forming said dielectric replacement gate insulation
material comprises forming a first dielectric material and forming said high-k dielectric material

on said first dielectric material.

14, The method of ¢claim 12, wherein gate electrode material of said first gate electrode

structure is removed by a selective dry etch process.

15. The method of claim 12, wherein gate electrode material of said first gate electrode

structure is removed by a selective wet etch process.

l6. A method, comprising:

forming a first gate electrode structure in a first device region and a second gate electrode
structure in a second device region, each of said first and second gate electrode structures
comprising a gate insulation dielectric and a gate electrode material, said gate insulation dielectric
having a first thickness according to a design thickness of said second gate electrode structure;

forming an etch stop layer and a sacrificial layer above each of said first and second gate
electrode structures and above source/drain regions of each of said first and second gate electrode
structures;

removing an upper portion of said first and second gate electrode structures to expose
said gate electrode material based on said etch stop and sacrificial layers;

forming a mask to cover said second gate electrode structure;

selectively removing said gate electrode material and said gate insulation layer of said
first gate electrode structure;

replacing said first gate electrode structure by a first replacement gate electrode structure
comprising a first high-k dielecinc material and a first conductive metal-containing material
while maintaining said gate insulation dielectric and a portion of said gate electrode material of

said second gate electrode structure; and
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after replacing said first gate electrode structure, removing said sacrificial layer and said
etch stop layer from above said source/drain regions of at least one of said first and second gate

electrode siructures.

17. The method of claim 16, further comprising forming a conductive material on said first
replacement gate electrode structure and said second gate electrode structure in a common

Process sequence.

18. The method of ¢laim 16, wherein replacing said first gate electrode structure further
comprises forming a dielectric material after removal of said gate insulation fayer and depositing

said first high-k dielectric material on said dielectric material.

19, The method of claim 16, further comprising forming a third gate electrode structure of a
third transistor above said first device region, and replacing said third gate electrode structure
with a second replacement gate electrode structure including a second high-k material and a

second conductive metal-containing gate electrode material.

20, The method of claim 19, further comprising forming a first stress-inducing layer above
said first transistor and a second stress-inducing layer above said third transistor, said first and

second stress-inducing layers having a different type of intrinsic stress.
21, The method of claim 19, wherein replacing said third gate electrode structure comprises
removing said third gate electrode structure on the basis of a selective etch process without

covering said first replacement gate electrode structure and said second gate electrode structure.

22. The method of claim 21, wherein said selective etch process is performed on the basis of

TMAH.
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