WO 2008/ 112949 PCT/ US2008/ 056939 CMOS DEVI CE W TH DUAL- EPI CHANNELS AND
SELF- ALI GNED CONTACTS Background Conpl enentary net al - oxi de- sem conduct or
(CMOS) technology is heavily used 5 in the manufacture of integrated
circuits. Q 2ﬁ@ﬂ:,cal CMOS device includes two types of _transistors, a
P-type met OB B Leni conductor field effect transist SFIURIEEN®and an
N-type MOSFET. Current fabrication processes for CMOS devices use a single
type of epitagivOS DENACEWITHOUADIER GE]ANREI)&JMMUF—-AE]ENEBSFETS are

built. This neans that current C S cannot optimze the materials
used in each of the P-type and N 1 FETs. In addition, as CMOS
devices are scal ed down, process copgkgwuhd €s cause additional problens.

For instance, patternl ng el ectrical cont acts to the sogurce and drain
regions of eacH-GIPERAFBCETOxd-gmjcandurEMQtedhpelagyis Apily st at i on

due to shenkhinuficBRs 5t kiR ct@ﬁw me@@mtlscM@;s%eﬁe@inlcma@setwo@pes &P As such,
a sinplified process flow I's needed to enab he optim zati on of

materi al s WOF%aPWWQWW1W9WﬂW%t wangistos (VRSFEVkandve
For mat | on fypalOhET cPLERUARI S Podlits SREROPULER, 1B Sy DRBEREP1i 00 of

t he Draw ngs F| gure 1 1s a ice w al - epi t axi ons
f abri cat ecepitaxiglaesierisd npen wlztgh thie Priypmand b MO S E Tirarobuitt h &his meens than.

Figures 2 LOLauahol %eHcésib%B@%gmﬁug@%eMQﬁals%eﬂ O%Sl?éft% % Uhd N2& OMOS

device shown in ure SCription SCT I rern are
systenﬂOartdpenMDSGE’s”sof form ng CIVDS devi ces that include 25 a dual -epi
channel and self cllﬂ ned cts

BCt 3¢ o arltaedfo 9 Ssgo pg %él ption, various
aspects of the P |ve I nple r’r%ﬁ‘f i GNE: B\Ilfel BRI B usi ng terns
commonl y empitmyaﬂqbrchyem tfbs tnstakéd, patbring élétﬂnazﬂ torttartsto Iﬂ!besy)uﬁch&nc‘p‘dfﬁﬁtt ance of
their work t.o others i in. the ar. weve it wll apparent to
hose Sk (PB4 Seoteet e MESSETY e epcbtinelt ERDEOrL PfatiPrshe gaRETcod v ¢ h
only sone r@é:s&dtﬁné@ﬁﬁémaﬁﬂmmuto‘pem@r purposes of explanation, specific

30 nungers mat er i gnfl gurations are set forth in _order to provide
a thor dugh und‘érsg‘f A aimmRlifs progessiflopiis peeded toenablp the vptmietighe  However, it
Wi Il be apRaeil use®irM€P-type and N-type MOSFETs and to improve the formation of

electrical contacts to the CMOS device.
Brief Description of the Drawings
Figure 1 is a CMOS device with dual-epitaxial regions fabricated in accordance
20  with an implementation of the invention.
Figures 2 through 12 illustrate a fabrication process flow for the CMOS device
shown in Figure 1.
Detailed Description
Described herein are systems and methods of forming CMOS devices that include
25 adual-epi channel and self-aligned contacts. In the following description, various aspects
of the illustrative implementations will be described using terms commonly employed by
those skilled in the art to convey the substance of their work to others skilled in the art.
However, it will be apparent to those skilled in the art that the present invention may be
practiced with only some of the described aspects. For purposes of explanation, specific
30 numbers, materials and configurations are set forth in order to provide a thorough
understanding of the illustrative implementations. However, it will be apparent to one

skilled in the art that the present invention may be practiced without the specific details.
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skilled in the art that the present invention may be practiced w thout the
specific details. -1 WD 20081112949 PCT/ US2008/ 056939 In other instances,
wel | -known features are omitted or sinplified in order not to obscure the
illustrative inplenentations. Various operations will be described as

nul ti pl e dV92P¥IE%herations, in turn, in a manner thBETPRPSEBRel pful in

under st andi ng the present invention, however, the order of 5 description

shoul d notinkenet PR hées OfkeiLimowilTbatured @t ofitetior Rk ANGFd@met RBERSAr i |y
order dependent. In particular, these operations need not be perforned in

the order B liypteativg fmplpmentations.qure 1 i1lustrates a CMOS device 130 forned

in accordance Wrigus ép¥RiiB AR dR&sibed astrﬁﬁﬁble\aﬁeﬂeﬁlﬁberaﬁhﬁ, (M, geyi ce 130

is formed upon a sem conductor 10 substrate 100. Thé sem conduct or

subst r at e MPWeTAY ipmostdelply iywidsetanding the rsesenidbyengen. sowsydr thoerdeinfi nsul at or
substruet ks i SEMgaL i ; f d using
al ter na%e%ﬁgqtngb%%opﬁv&# gﬁé may 036 #%P F\h(?% HIE% on%?ﬁs;age %&%ﬁ?@y IO?(%gﬁ , that

i ncl ude budepergiert. Apparfi¢ulart Gescropergaonsamasdmat be pefifermed int theordedef, | ead

tel luride, indism arsenide, indium phosphide, galliumarsenide, gallium
ant i noni dep, or other Goup Ill-V materials. 15 Although a few exanpl es of
mat eri al s f r omEFigvire hiliubtsateserCMOSdigeice 1 3 Gvostd ataecomdanchwithf or med are

descri bed .here er.ial.th rv.e a.foundati on upon which a
Sem conaudrgivisalisns BRI iy HneEios i, P30 f rorteRifin SRmiReludd of The
present isabsdrnate 100. Thywenepondastbradubgtatd 0Maydgi fomsdaslg d®plkssiiicesl ops gr own on
t he substrate 100. e 20 epitaxial .region 102 (also referred to herein as
o ent s eontsanDoRisulay st T oo PR Riadots, o2 RBEES ribbeR RS o or )
whil e a sagpgditephtt dptedials] @hicPMat 0PmbePh& Oc lcehBint®with SilichiS (Rt Mckde Bt epi

regi on 106) ma?{ be optim zed for an N-type MOSFET (NMOS transistor). As

such, the &protligyic P aqpenuy). BaupaniRgnide.dsaddeliirde dpdinm arsnde: B4Uhan t he

epi regi orphosdifie, %amqima B8ERIQ bRlluth BRI EMRE, dEMhEEGRIPIMV Matkkayr € 1 provides
dual -e%{ channel 25 regions. The epi region 102 may be formed from
S

mat er i & s Althensthafesi expmples gemaaralyrpmrHich the panelepndyelphiahstiat May bbe
epi t axi al |pgmtdaRASkdsGibed hbreSAF Tt GEERA a &ﬁﬁaﬁ&ﬁfﬁaﬁﬁ}h%at .

concentration may range from 10 atomc %to 50 atomc %
i mpl ement aemisarductdndedéd masobe byelt fallm wWithinthe/spiet and seope of thopedentn situ with
boron. Thg,vention.

Two epitaxial silicon regions are deposited or grown on the substrate 100. One

20 epitaxial region 102 (also referred to herein as an epi region 102) may be optimized for a
P-type MOSFET (PMOS transistor), while a second epitaxial region 106 (also referred to
herein as an epi region 106) may be optimized for an N-type MOSFET (NMOS transistor).
As such, the epi region 102 may be formed from a different material than the epi region
106, and therefore, the CMOS device shown in Figure 1 provides dual-epi channel

25 regions.

The epi region 102 may be formed from materials such as silicon germanium. The
silicon germanium may be epitaxially deposited. In some implementations, the
germanium concentration may range from 10 atomic % to 50 atomic %. In further
implementations, the silicon germanium may be further doped in situ with boron. The

30 boron concentration may range from 2x10*%/cm’ to 7x10?%cm®. The thickness of the
silicon germanium may range from 50A to ]5_00A.

The epi region 106 may be formed from materials such as carbon doped silicon.

The carbon doped silicon may be epitaxially and selectively deposited. In further
-2-




30 boron concentration may range from 2x 1019/cnB to 7x 1020/ cnB. The

t hi ckness of the silicon germanium may range from 50A to 1500th. The ep
region 106 nay be formed frommaterials such as carbon doped silicon. The
carbon do il may be epitaxially and sel ectivel ited In
further 2 GBI 2020 PCT/ Us2008/ 056939 i npl errenta#ﬂﬁ%fa&l’"ﬁgs%arbon
doped silicon may be further doped in situ with phosphorous. The carbon
concent r atiimplenaisticanthe chribomridhed shicamingy B6 fusth&. ddped mrita with phésph@bes phor ous

concentrat.j.on range from5 x 1019/cnB tqg, 5 x 1020/ ¢ The t hickness of
Che. car borl HGHERN S RGHORY G SR bABEI Todo JHG0ATC Hettisar bon and
Sho-s pho r1 ggﬁ;p@hldmgs d)rﬁ:hzhti'dﬁﬁilﬂ g Yange fioerpd ot/ cad (t)d ﬁhllei%sﬂ tmé(ihicﬂ&ﬁ ofil\/DSPNDS

evi ce I ncl udes an..Isolation str ure at separates the
transi st orth§ (bR dege P TR S5h 1@&‘%&1#‘6&“@?‘1’ idohpewbarpes may be
f or med jI’Q{é’bed@ﬁ@,ﬁlirﬁiy%e%ﬁw[&ﬂw(Qj[’[@!sl‘(y_y),USEd in isolation structures,
including but not limted to oxid nat erials such as silicon dioxide

)X de Rt er.
(Sio2). 10 EacHhefCMPRdpread irrindores isplavan srushee §19dha) spsratesthediMRSgat e
di el ectri Grah@¥ef frork 4R NMOSUBMLiSHES Tﬂ%ﬁé&%ﬁ%ﬁﬁdt&@%l@&a& BE fdrAU@RbION, the
high-k dielectric material that is used in each gate el ectrode may
i ncl ude, uateriads gopventiongllyaed i, isokation isawaterss. dnsludingfiw pehlimgietitceridoxi de,
| ant hanum_oxi ] i oxi de, zirconium oxide, zirconium
silicon ofﬁﬁ%?ﬁ?gﬁ?%%%%%ggygggq??ﬁghiun1oxide, barium strontiumtitanium
oxi de, I®ar i um Esch ofithePMMSaind AOS trammstors mchidesmnhighrk @riedligleoyric layanm oxi de,
al um num gxj.d I . di, UM 1 0X| d zing.niobate. In
some errbog;ilrsfeﬁq ‘é%n%ﬁ%ﬁ%%ﬁﬂésaééﬂ%lﬂg elc(:)?’)rﬂlégﬁgi\%%erl&%nicymégmgé a\%vléc’en around 5
Angst r ons ud) inteachagatiriebtlofe Aay hichide, bunisfot liriged todrlfidckn weide.shafradtdi t i onal
processi ng..may he perforned. the high-k gate di.electric, |ayer such as
P amnoal Fiteh PRl Jegb i i i o, HEoRtg s areri ° 150 1n
sone i npl eik6h a:tbiﬂam&taéﬁr?bhﬁlej titmﬁﬁmh ioRide, Hiﬁﬁxfn@fremunhhﬁ@hiuiﬁ c%i&fe@bdﬂi]' @l ectri ch
materials . na e . use or .each epj region. In other i, enent ations, the
S, hih TR BXAP St (e oy G iy S B ILdeH ST on 1
sone i npl esmiiud bk Sandiléad iR rSebaR. M SHindemi@Aintentl, BleBEhll LatdBEREHAI 1S used
in each epi region, their thicknesses y be Etinized I ndi vidual l'y. For

i nst ance, 1T §aY Be betwraipaoynd 3 Agsiromp( )H@awmé Qb vhicke ferthss hi gh-k 25
bandgap, %%Pams%mﬁﬁalwce%g%wm&%n@aa dAShEBigRklgci@lontt 19k gate

dielectric ayer. ) ) ) )
such as'an annealing process to improve the quality of the high-k material.

20 In some implementations of the invention, different high-k gate dielectric materials
may be used for each epi region. In other implementations, the same high-k gate dielectric
materials may be used for each epi region. In some implementations, if the same high-k
gate dielectric material is used in each epi region, their thicknesses may be optimized
individually. For instance, if gate leakage is lower in the PMOS device due to high-k

25 bandgap, the PMOS device may be optimized by using a thinner high-k gate dielectric
layer.

A metal gate electrode 118 is formed on each of the two high-k gate diclectric
layers 116. The metal gate electrode 118 may consist of a P-type workfunction metal or
an N-type workfunction metal, depending on whether the transistor is to be a PMOS or an

30 NMOS transistor. For the PMOS transistor being formed on epi region 102, materials that
may be used to form a P-type workfunction metal layer include, but are not limited to,

ruthenium, palladium, platinum, cobalt, nickel, and conductive metal oxides, ¢.g.,
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A netal gate electrode 118 is fornmed on each of the two high-k gate
dielectric layers 116. The netal gate electrode 118 may consist of a
P-type workfunction netal or an N-type workfunction netal, dependi ng on
whet her the transistor is to be a PMOS or an 30 NMOS transistor. t he
PMOS t r ansYBPWEMg formed on epi region 102, materi EFEmF?P&?IGSG??ﬁy be used
to forma P-type workfunction netal |ayer incl ude but are not limted to,

r ut heni um ruftizhiuacbxide 0P aypeiual 18ebaill enableticformaaiod o€ 9 RIIQS gate net al

oxi des, 008 112949 P /U82008/ ut henl um oxi de. A
P-type rret%?‘m’ E(f\%)ﬁn ji that 15 %?9“6%3(9%3&“1[9 dite el ectrode with

a wor kfunction Alfb@ﬁatdlﬁ f&qhmo%&mst& b8ing YormRdl oR BSittgidn o Miatefiblser nat el y,
for the NMOS transi stor. bei formed_on_epi region 106, material s that may

be used t dBftdRaY Beised toyfpran ﬂrm?rk@ﬁctﬂ?@trwal|iwémcluﬁ@|hya@‘e npjimiggde ot

limteds &ot&fmﬂlﬁfﬂfcumumzuaﬁﬂm taludh, LR it dnd MM A0y, @lgumaqm and their
all oys, e.qg. tal carbides that include these el emehts, 'i.e., hafnium

car bi de, zfiafll%@ﬁﬁlﬂéﬁﬁft?h&défd@ée clemendn ii-gnhafpapagide, @W&Mﬁﬂr@é@bﬂ@@m and
al um num c&d;aed?an d@'ﬁ‘ﬂn irbiP Gmll% pluh Ybid J@hhﬁ@ﬁghﬁa}ﬂ er v}ifl el it 48 of an

NMOS gat e e ectro a workfunction that et wee out eV and
about 4. 2 fewmation OﬁanﬁMQﬁJgaéWmt@ﬂp wgawmbmmm@1Mengm@ BQIﬂéfct rode

| ayers nmay, t r be
deposi ted afu(g)l%})%ﬁv\é%e%gs%sﬁg? ela[F ﬁé{a%f?e e ’ec roﬁl\éﬁfrﬁ%t%ﬂ%*r{et %trrs@ec yergaé um num
net al . 1Eadie deposithe Hmtand aNMfﬁutwt'amsi}es:ﬂmay berepasitad fotiowedbyamndiedl ai n

regi ons 120teelectr ﬁé)gﬁme Suc Bnt a L. ons Ee source and drain regions 120 nmay
be forned %y eT 1 Rer Ipt an sgu% an?lg uch as boron, phosphorous, or
arsenic into thaclsoﬁlhé PMOSaimdmosmmm@rshﬁlddheoab&)aidnﬁmﬁr@ﬁtdlstlmnm
epitaxially depositin a ilicon gr silicon terial. Electrical

contacts TOECAPRCMENANeRs e spurgrand drmeiony 1 IB‘F’h er%qu‘ %98 The contacts

124 are genRPlalihyddpefittBEthak broREihakphDtius, i SrseMlP REG the JhBLFLRWIbY Bchihp NSt en.
In accordance, wth |le ement ati ons of the invention, the contacts 124 are

sel f - alf grisesubpiate Ftehon GpypaRibndeppsiinga silicangr silicongsmanipmapda@lmy occur

prior to fmédmdal @dhtms 1@%@1%%@4@;%@@0&& &amﬁﬁe@o&zm Frfagbhifets t he CMOS
device 130 may inclu lurality of spacers 114 he spacers 114 are

f or med durh%@rer%?m@aﬁr@?f off2 mptal sERICES mmrcaéunmgmawdmm dn gacordazpst sone
of the segliyialy &%E%né}fftﬁé‘ﬁ vetibh QHé%o?&arc&Cltz?'ﬁf%%afEﬁ AP e 114 may be

formedfro_mma eri al known i'n the art use Tn spacers, including
but not | itmpleagntabonsi 4 saliowatidn nrpess &y ofcyr prior to formation of the self-aligned

20 contacts 124.

Finally, the CMOS device 130 may include a plurality of spacers 114. The spacers
114 are formed during fabrication of the CMOS device 130 and enable at least some of the
self-alignment of the various structures. The spacers 114 may be formed from material
well known in the art for use in spacers, including but not limited to silicon nitride (SiN),
25 silicon oxide (SO), silicon carbide (SiC), silicon nitride doped with carbon (SiNC), and
silicon oxynitride (SiON).
Figures 2 through 12 illustrate a fabrication process to build the CMOS device 130
shown in Figure 1. Starting with Figure 2, a substrate 100 is shown upon with an epi layer
102 is grown or deposited. Materials used for the substrate 100 and the epi layer 102 are
30 provided above.
Moving to Figure 3, the epi layer 102 is patterned to form an epi region 102. The
patterning process used may be any conventional patterning process known in the art. For
instance, a photoresist material may be deposited and patterned using ultraviolet radiation
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25 silicon oxide (SO, silicon carbide (SiC), silicon nitride doped with
carbon (SiNC), and silicon oxynitride (SiON). Figures 2 through 12
illustrate a fabrication process to build the CMOS device 130 shown in
Figure 1. %rﬂ iig%ﬂgvith Figure 2, a substrate 100 is shown uBon wi th an epi
|l ayer 102" {lff or deposited. Materials used for tREVIEHEMETR 100 and
the epi layer 102 are 30 provided above. Mywving to Figure 3, the epi |ayer
102 i s patémdranegtitabmagh tniedm photsredit eiaskd 004. THeenasRa04 Bapsiigld fcqesdh used

may be any nventiopal . patternin I 0Gess wn in the art. For instance,
a phot or es‘i’fc e‘??é?aé(ﬂ@thgw Eenﬁ‘é‘b‘g%'l%f’é Sﬁ?faliﬁ@?‘fde?‘?yeﬂ‘pﬁﬁthﬁpwl??%‘i ol et

radi ati on needs tdBe 280l8/cd.1 294 oPdrY/ctébdd R0 RSP Bfbpridks ordhe QP tiatedih] AsKk to form
a photoresjst. mask 104, The mask 104 may shield the portion  of the epi

| ayer 102 PFPe M9 QUERERITR B8HY threexBeisd pPuins afdere em eyl 2elepdagbeind porti on

that ngedge bifclB& dpeFARIRAN02 ShotRl inMiguld ¥. et ching process appropriate for the
epi materi al ma%?nthen be carried out to etch away the exposed portions of
107,

the epi |ayer ing Wiy Hrerond epaxial deposition geesresgnayrkegraied pOPoshown i n
Figure 3. {HL%: L Qo1 U F8ie 4ni -%%ggpoq'ht(g i L hekess may be
carried out to Qlfgcr)r%)_an epi er%lgr?gc}n 106. "The e?%ﬁ%sg%?%ﬁtﬁ%%b@%@é%m or
deposi t ed aslipcendo digispiregipe 102 Becawst o€ sructurd diffesenspy betwepinghe gd egidBecause of
structural i . he..eni.. egi / ' ion 106,
Such as | o fied HeSBrRRioR TSR b MR op 0 R post 85 808D} P B3, 1O

epi t axil@l tHegwikial dapopriormessss, thivanicrfaertetvesen ettweenpi ehiens WE/1@pimayégi ons
102/ 106 rralgssl?ﬁanih%§s than ideal. Turning to Figure 5, the photoresist nmask
104 may be renoved using, for instance, a planarization process or an

et chi ng procesduasng ® Figirt 5 khopiotaresidt haslat 4 miNebd remaveal using] fok yhstaade,

sacrificial_,structures 108 be fornmed. on_the epi regions 10 nd 106.
The sacr i 1 RPRFZSHPE PROCPEHEF A BXMIT8 BROREY obis TUNENE A BRAT: Neted PAFISUCh as
pol ysi | i caf sadrifichbstRictuigs| 108BRY Bt faNRRd ol tHedyPregidhs 0D 4481106 COR: JaBNfidiA
depo_siﬁ d angt{ur%ai{)ﬁr ne %%rinn known rfﬁttﬁr ni&g ,lrret hods to formthe
sacri f 't afruehes P ma be ameddon g augteriansyen g3 piysiliconydn sogiger i £ i ci al

st ruct ur esmpRénedtaBorlsQi P&k FY6kysilibh BB} b RPbHR dPnaABGied WinSRIWL 1 Ci al

structures 108 are fornmed over the epi region 106. In sone
i npl enent PRfFRBE rghods ipcorm thejsagrifegal siryctres 108s Asghovr in KighrerBdwat | ocat i ons

on t 2? ep |saérfitid? Souchited MoRGRRS& SRS Bhifre@bh 90LEhd HORIRHLEI dadntds | 1 ater
'108 are formed over the epiregion 106. In some implementations, the sacrificial

20  structures 108 are formed at locations on the epi regions 102/106 where the self-aligned
contacts 124 will later be formed.

Turning to Figure 6, an etching process is carried out to remove portions of each
epi region 102 and 106 adjacent to the interface between the two epi regions. Two of the
sacrificial structures 108 may be used as boundaries for the etch. As shown in Figure 6, a

25 portion of the epi region 102 that was adjacent to the epi region 106 is etched back until a
sacrificial structure 108 is reached. Similarly, a portion of the epi region 106 that was
adjacent to the epi region 102 is etched back until a sacrificial structure 108 is reached.

Turning to Figure 7, an oxide 110 is deposited over the substrate 100. The oxide
110 fills in the region between the epi region 102 and the epi region 106, thereby forming

30 anisolation structure. The top of the oxide isolation structure 110 substantially coincides
with the tops of the sacrificial structures 108. In implementations of the invention, the
initial oxide deposition may be followed by a polishing process that planarizes the top of
the oxide layer to coincide with the tops of the sacrificial structures 108.
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Turning to Figure 6, an etching process is carried out to renove portions
of each epi region 102 and 106 adjacent to the interface between the two
epi regions. Two of the sacrificial structures 108 may be used as
boundaries_for the etch. As shown in Figure 6, a 25 portion of the epi
regi on 102%™ 2% adj acent to the epi region 106 is BETNEWOHREWOunti| a
sacrificial structure 108 is reached. Simlarly, a portion of the epi

region 106 thatTd@ﬁgtﬁﬁgﬁéQ[\ﬂlebﬁldEmﬂ)ﬂ@hﬁd’r@ﬁﬂtﬁﬁbrﬂ&%all%fﬁfe%ﬁﬂ@eb@éﬁk until a
sacrificia tructure 108 js reached. Turning,to Fj gure an oxide 110 is

deposi t ed ppﬁ@néﬁmwdaffeéwwdhe o &oegnn 192 anéib@ ep} neglgn lﬂé t'HES r egi on

bet ween t henfRiing RBldH bf Hoxddtbuh ARneH an'i@HItRA s&Bure 1 1@ €bWehi®ngl Ng 30 an
i solation structure. The top of the oxide isolation structure 110

subst ant i aPATHTIERE TTRGCEEE MAY bR upaddo Fesinye g unpecesaty xidee iNgxt, sdrsiset@fes 108. In
| pl enent a§p‘a6€?§19far$ hﬁmk@x@wehﬁa thetslﬂ@nﬁc'wﬁ gﬂﬁheﬂﬁsderhgg&eges § n@&aﬁy be

fol | owed (t% ({)0 i shing process that planarizes the e oxlI de | ayer
t o coi nci derg Wdeﬂ?éswléﬂ)?sc@fomﬁbspg% riateriel and themypatierning ghelro@erial % fpmn

2008/ 1129 Qﬁ@g | 1041 s

patter ned@%gﬂﬁg\?ga I glgﬂéﬁre d%%%guéaggfo%ﬁ%e %I}gtfste%c()fng%e%solgzt ed

bet ween t hmaxld chossyi form 300 S&n8iG, ISé\T@,pandtS@Nmmollg@theirml S remaini ng portion

of the oxide f n tr u

patterning pr o;ﬁe?'lg%}ég{z’%%ﬁﬁa ée%%ﬁd?so T'eRo gceresbitq% eefﬁ a%azﬁ?'é%&‘ gg?sﬁ\le t, a
first d6t dafspirespdeelBbisiddndse of gravas | Bomacknforrhal ItS[’l% assanaildrfpraviesl as
structures, 1 may be. forned by de 05|t|ngaconformal
spacer rmat 8 g’éff %ﬂgsljta%éﬁ nﬁ%f]?é%ms}éntaﬂ%par@fné?g ﬁa{;@r WY he spacers 112
shown in Englan&;n&noﬂihﬁtmmernluah this@akeitisl ube toérhethé bdcbhd seebf Pheesprers 112
may be chosen O SIiC SIiNC a anong others. Turning to

Fi gure 9, ‘3“%8‘68%?&@3%7 e%?f@}’éseﬂl‘hf"&?‘éhef‘gﬁtr%b"féﬂﬁcﬁﬁelﬂg fhiSihe first set

10 of spacgsusd # maldHabueaGOihe s@&hdga‘toﬁﬁﬁw §14Jf$€stﬁméattﬁff$@ﬁt@%§ﬂ using a
simlar_process as the first set of spacers nanel y deposition and

patter A ngse“ﬂ%"”é(d%]rtﬂéﬁé@“% used indhe Bivesst ofspessss UL, @ﬁ"@bﬁ{ ?ﬁ?@h’@g Hafirg he
material ugegk sb&ef‘solrlmté Q@re%@%tﬁﬁ{ft sﬁgtaﬁmg%ﬁackﬁéthew R& of kﬂatﬁ'ﬁ ent than

the material used formthe first set of Spacers IS 1S ecause
the materidt Gb@@ateﬁahﬁéd 8 tsriecond setof S@pﬂf@éi%mmﬂllhlnﬁs@homfwnasmf f er ent

eteh 15 s apide i, MMON Emb hdrdL it RRsilnfly o %idhlebid e Ghe Mloffiacer S 112,

t hereby ena Ilng t set” of spacers e reane
subst ant i aklegted fydlet finstpet dfsparstsdld. Eetingincs ghithe fisst satbﬁspafhelmarerl al used

SN, v g B B BARRE Lot AR s BSUE R0, e

mat eri al 8iC, SiNC, or SION In some implementations of the invention, the etch rate sensitivity of

the first set of spacers 112 and the second set of spacers 114 may be made different by
altering their carbon concentrations.
Turning now to Figure 10, the trenches that remain between the spacers 114 are
25 filled with a high-k gate diclectric layer 116 and a metal gate electrode 118. As will be
appreciated by those of skill in the art, the high-k gate dielectric 116 and metal gate
electrode 118 that are formed over the epi region 102 may differ from the high-k gate
dielectric 116 and metal gate electrode 118 that are formed over the epi region 106. For
instance, if the epi region 102 is optimized for a PMOS transistor, then the high-k gate
30 dielectric layer 116 and metal gate electrode 119 formed over the epi region 102 use
materials appropriate for a PMOS transistor. Such materials were described above.
Similarly, if the epi region 106 is optimized for an NMOS transistor, then the high-k gate
dielectric layer 116 and metal gate electrode 119 formed over the epi region 106 use

-6 -




selected for the first set of spacers 112. For instance, if the first set
of spacers 112 are 20 fornmed using SAN, then the second set of spacers 114
may be formed using one of SO SIiC, SINC, or SION. In sone inplenentations
of the invention, the etch rate sensitivity of the first set of spacers
112 and tﬁE'éﬂ@%HH’%et of spacers 114 may be nade d|ff§F@ﬁ@”ﬂ§m“%?terlng
their carbon concentrations. Turning now to Figure 10, the trenches that
lremai n betmeﬂalﬁ h@r@fﬁﬁfb&bﬁaﬂ.llﬂlmcm’t@élsﬁﬁr.f Agéiﬁ,(iu&b} Tﬂiteﬂalhlvgﬂ‘&-dés@ﬂb&ﬁ di el eﬁt ric
ayer 116 netal gate el ectro 118, As w e ppreC|ate t hose
of ki 111 PO hIndpie SERB R G oL gioB EEom (92108 T R ke
el ectrode tﬁéﬁktgb@tdmaécﬁumﬂmaw@écubh@a@rabpdsﬁéﬂ&mﬂae%tugﬁaftﬂé bfieégiddsom t he
high-k gate dielectric 116 and netal gate el ectrode 118 that are forned
over the e51 V@glon 106. For instance, if the epi region 102 is optim zed

for a PHOS trarlﬁ'a&o?dancé\bﬁﬁhxﬁﬂ]&m?ﬂtzﬁﬂhgoﬂﬁ& ﬁv&ﬁmﬁ'@sﬁr@%é hovk 8¥Rfibell6 and

nmetal gate electrode 119 formed over the epi use materials

appropr i at ®a¢es deppsitigmend gtethprosess to, forp rnehgs @rwlaqsthaékgé ~keatecand leedmetplov e .
Simlarly, Stor, then
t he hi gh- kgagé:ael{:a&%g?e }ég??éip? ﬁte;fgg?ﬂ &fgwg% {dﬁg%:?{gn%f%eésgﬁgﬁd 119 forned
over the epstancegioprentiosal mwess@smmw/almagh@ymﬂ@m@cmw@wr apdit eri al s
appropri at S ri bed
bove | o e 5 ARG bR RRloRh e oo lcR 1en 7 BBATEL M3 JBEBRERET
masked 1Qvhi dre difﬂsmlt thiegh,- vldlqutemldmblgmﬁcam gan damm dyatgetheleebingpdecss e
deposited onto .t he ot he f 1 | | 0 ceordance with
i mpl ement at i onsjt“(gﬁm%ﬁe Fonlfljl i 'f‘f’ tﬁg%agnﬁg fsrfumlbo&/éé glstg?ﬁ{? Scf? s%g%eésf

deposi ti onl 1@k mﬁmheq)rme&mohﬂ eicrhmglﬁrﬁcemhqgmpmanbﬁﬂyolydﬂ&ohmglyJole gate and

t he net al el ectr sited n, j roverre over
Convent + ot pTiscBECkL 2 Ru Ve G Sicaine a6 fiski ABhisPPRPBREE 58 hat deposi
a hi gh-k |1ﬁM@1ﬁal@E&ﬂ1ﬁﬂ@%b&eﬁ| 1B huOEe: willihot reaidde thc eiferRl Gded tdRsa theayer s back
to formthe g ngte stack tend_to be c%gpl ex sflgi these materials 10 are

di ffictPt LePneserpl spperien 1o Tha iegops] o thyfperificim stryghitres (P4ag dedhicerty t he

et chi ng prOeesstes séDéfa'Ilh&ﬂ:h@@ﬁﬂaﬂe@g&e%ﬁ%né&fth&&ﬁr@g@&{sllbﬁﬁﬁ@i%ﬁrUCtUFeS 108
and the first set of spacers are renoved. Conventional etching
processes appr dgiPaieplayationdrgessy meohenby casticd qp tdmpmbiospitets 112 may be
removed. Usifihod Bofffif\iths &t fleidn3 10PBELRE. TE ich Ahnibdfons B ShiBL aroed L the
spacers 112 but "that will "not” renove the nmater used ormthe 15
second setdrah regiensd 26, shawn infifigure  fpfalanefalingprosess miay falloa the tonimplanies 108
and t heg,

SREGfhiRe and/or activate the dopants. In some implementations, the dopant may be boron.
Figure 12 illustrates the source and drain regions 120, as well as electrical contacts
124 that are deposited into the trenches over the source and drain regions 120. Metals that
may be used in the contacts 124 were described above. The contacts 124 are formed in a
self-aligned manner because they are formed by depositing material into the trenches left
25 behind by the sacrificial structures 108 and the spacers 112. The final result is a CMOS
device 130.

Accordingly, a fabrication process flow for a dual-epitaxial channel CMOS device
has been described. In accordance with implementations of the invention, the use of dual-
epitaxial regions to form the PMOS and NMOS devices allows the high-k gate dielectric

30 and the metal gate electrode to be separately optimized. Furthermore, the process flow for
the dual-epi CMOS device of the invention uses self-aligned features to enable a scaling
down of the CMOS device while avoiding conventional issues such as offset landings of
contacts. In conventional processes, contact patterning to the source and drain regions
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112 creates several trenches that expose portions of the epi regions 102
and 106. An ion inplantation process nay then be carried out to inplant
ions into the exposed portions of the epi regions 102 and 106. The

i mpl ant ed '?ps formsource and drain regions 120, shown in Fiqure 12. An
anneal i ng PPFCE2Hy follow the ion inplant 20 to di f PETUSERYTEI®act i vate
the dopants. In sone inplenentations, the dopant nmay be boron. Figure 12
i |l ust r at esndshe bs euergiffivelt HhegrapHyape@tion didQo tiasightldsistsatioal regircineats

contacts 124 that are sited into the trenches, over the source and
i ai - r ogi B Gperis L Aot Peigate L EreTcroq B Gl AEPEst Eobesia o
descri bed giaodistancteweDal asiitaet didfbndée TR JOBEct dimansichS hid shnt@nRA:A@NNer
because they are forned by depositing material into the trenches left 25

behi nd by FH&IcS A qritice!; features foy MOy pasforpancs hecauprat disectly impaptsthe qytemal; ng)
result ks itk of H2RWIOS ddd3fk. Accordingly, a fabrication process flow for a
dual - epi taxi al channel CMOS device has been described. In accordance with
i mpl enent at i onsThgRbevyselepaiipton pigHustiated implementatiangiof thepnveasiona inchdifigons t o
formthe R : &#yMgi [ ' f: ric .30 and the
nmet al gat e&ﬁe%‘{;éﬁ}r ode t oﬂg)élbgtga%té?éatiogﬁmtggﬁome%g%%ﬁs%(?ﬁéejlrlﬁrr%?%flﬂﬁ%ggtgr ocess
flow for toie precise-foms diwitged Whdesnstific replemertatidne of, usé exaswpllds-for, igned
features t. eal i Lt E@?? i i, | voi di ng
conventioﬁar%ﬂggégéﬁﬁﬁgﬁl%%g%ﬁgggguﬁéﬁ&ﬁﬁﬁg o] mﬂ%%ﬁ‘ﬁ%%%#nﬁﬁﬁ%gﬁnﬁntional
pr ocess@s, arepossihbctwigan therscope@f the inveetien as theseashilled firaiha réleghiarswil- 7 WO
2008/ 112949 PCT/ US20081056939 tends to be a very difficult Iithography

X TGCO C. . . . . . .
operation J0& 6 the tight registration requirenents 1in a snall opening.
Sel f -al i gnnent Thesctrhe&lifi@tiond mayebeaneteas thednwaptioin gt ofahd MJoUS Hetgitkdt act - t o-
gate di stapce. as | I as contact.di nension. The contact dinensions and
cont act - t ~gared lée[tﬁlf‘i‘&séls‘é‘?’é‘atﬁer f"ﬂf"(‘f’é}lg aums $hou I’fobpe fAnErsd te g\nﬁé}ﬁce because
it directliyventipagtthe §gReifiedhslenattatidns AR6I0SIAR GR sﬁéciﬁ&aaom tHeMkin®. The above
descriptiaon of Ellustr ed 1 nplenentations of the inventiagn, including

what i $° detatherdRcisooRe effac imyention ds to be detgppingd gnsinde By ths feflovanmelaiasi ve or to

limt the JiMest kBt confirded® REGALRE Wil IBLLES ha@tts oV hiEinkRREhfidl ,
i npl enentations of, and exanples for, the 1invention are described herein

for illustrative purposes, various equivalent nodifications 10 are possible
within the scope of the invention, as those skilled in the relevant art
w Il recognize. These nodifications my be made to the invention in |ight

of the above detail ed




description. The ternms used in the follow ng clains should not be construed
tolimt the invention to the specific inplenentations disclosed in the
specification and the clainms. 15 Rather, the scope of the inventionis to
be determined entirely by the followng clains, which are to be construed
in accordance with established doctrines of claiminterpretation. -g
Claims 1. A method conprising: epit@himély depositing a silicon germani um
epi region on a substrate; epitaxially depositing a carbon doped silicon
epi region on the substrate; form ng an isolation structure on the
substrate between tRhen&hbd edpr@igiani um epi regi on and the carbon doped
silicon epi region; formnpg a fjrst set of spacers on the silicon gernmani um
epi region; fERHRERYY derastgd dleongrermpwe cpl 16%0n RB asuhHEIS doped sili con

epi region; f %ﬁﬂaﬂﬁll? dbpdsiing Al Sitodh AREEsiALR] §F tdutdh dnAdESubliate LT ench
between the first set of spacers on the silicon germani umepi region;
deposi ting a fformingrpstisglatinnt srueiueecen b substrats betveeen ithessiliden giamianguan epi
dielectri Vel f L . 2 ni gh-k gate dielectric layer in a
trench be{ie oglr?ﬁ{iﬁhg %gfgégﬁ& g@?ihg%r?%gg%goenps on the carbon doped silicon epi
regi on; deposi farmipga festcwhof spedcad og dicesibancdermnaedumtepiregion; second hi gh-k

gate dielectri l ayer; i ting iops within the.silicon. germani um epi
region to for nfowgyasﬁec%lr}ggcﬁgﬂp?cg 8’1’19’5n‘3‘ﬂ%§)nf43’i’§(¥1518?°é]i R €Y on; i npl anti ng
ions within thfmggho firdpaok Shiel didlectfipilayee @i @nrdnth befwded taefiffder Gour ce

region and a secqu_drai n region;, and formng electrical contacts to the
first andReeEdRythesilicen spraRrlHLERPfE% the first and second drain regions.

2. The method gdpoSitiag idst mee E&k eiet:@@de]ta%ﬂm@ﬁrs@ﬁghﬂegaké&aeéﬂieﬁhyﬁlt; ructure

conprises renoving a portion of each of the first and second epi regions at
thei r interfac@erogifiae degsond highdg gate digliogeic laygein a tgnclrhetwen hedeesnd g¢tai m 1,

Sont or mal °} Byar e bl el sitor Bl o  CTer he substrate and -
patt erni ng t heddposifitg s paced methlegatakletivodeatop theesebondshigh-dt gatd disleaitier s.
layer;
implanting ions within the silicon germanium epi region to form a first source
region and a first drain region;
implanting ions within the carbon doped silicon epi region to form a second
source region and a second drain region; and
forming electrical contacts to the first and second source regions and to the first

and second drain regions.

2, The method of claim 1, wherein the forming of the isolation structure
comprises removing a portion of each of the first and second epi regions at their interface

and depositing an oxide layer.

3. The method of claim 1, wherein the forming of the first set of spacers
comprises depositing a conformal layer of a first spacer material over the substrate and

patterning the first spacer material to form the first set of spacers.

4, The method of claim 3, wherein the forming of the second set of
spacers comprises depositing a conformal layer of a second spacer material over the
90—




4. The nmethod of claim3, wherein the form ng of the second set of spacers
conpri ses depositing a conformal |ayer of a second spacer naterial over the
-9 substrate and patterning the second spacer material to formthe second
set of spacers, wherein the second spacer material has a different etch
sensitivity than the first spacer material. 5. The nethod of claim1,

wher ei n:  titetrete podi gattagingf the isecoht rsphcehingherial gaf@nditel ecérd et lofiypaceOnpri ses

depositin erial, selected. fromt}f roup consistin f .haf ni um oxi de,
o i um o NP s S0 PR A b i or Pt AT RS, A G, gt

zi rconi umnfaxdride, zirconiumsilicon oxide, tantalum oxide, titanium oxide,
barium strontiumtitani umoxide, bariumtitani umoxide, strontiumtitanium
oxi de, yttrium oxide, alum num oxide, |ead scandiumtantal um oxide, and

| ead zinc niobate, qgglﬁe%dq,ggﬁﬁhtp@gerg}l the first netal gate el ectrode
conprises depositing a netal selected fromthe group consisting of

rut heni um pal theddenesitipg &fF i the) dirst dogtak tgaten dislestric laper comprisendepnstivegce. 6.

The net ho i h:-k gate
dielectri g] Pegjag%é}éc%%dlrﬁf)}g;@%%&é) E%l&s%%%?h% erl am& é?‘e%ﬁgﬁ)@ﬁl h% dé gr oup
consi sti ntpndfanﬂnafamdanianﬂmnien ahmimm mxsiej ziconivox oxide, znicemuﬂneslﬂwmn@mdég,

| ant hanum al 4 de coni. um oxi de rconi.ym si.l i con.oxi de,

tant al um E"g" of‘ﬁf”ati F?}Hno%%eegarﬂﬁ? R Strz?ﬂuﬂ’rr?’fliﬁl RATEH BB OXBr i um
titani um exdrtiam titghit@ndxide)yidiia dkide) SxintRum Wild, 1640 0xidien teldhih R@eOXi de,

| ead scandi ym tantal um oxi.de, and |ead zinc niobate, and the dep05| ting of
t he secon®#MEtGFigaIC atg|agdt r ode conprises depositing a netal selected from

the group consit idpdsithg RaftRd WR: BEhCRRE WRctbbd 2BinpMest @BbAMM AbMN NUM
haf ni um car bi de z‘?)rgglonl um car bi de, tlgt ani ucm car bi ge est(gegt al um cartgllmde and

al unmi num seestash fem the grovconsistiegiobrutheniwnmmpalladigre, Matinuh sobadk; nickel, ed t he
el ectri cal yeORLAGHS. conprises depositing on the substrate a nmetal selected
fromthe group consisting of copper, alum num and tungsten. -10

6. The method of claim 1, wherein:

the depositing of the second high-k gate dielectric layer comprises depositing a
material selected from the group consisting of hafnium oxide, hafnium silicon oxide,
lanthanum oxide, lanthanum aluminum oxide, zirconium oxide, zirconium silicon oxide,
tantalum oxide, titanium oxide, barium strontium titanium oxide, barium titanium oxide,
strontium titanium oxide, yttrium oxide, aluminum oxide, lead scandium tantalum oxide,
and lead zinc niobate, and

the depositing of the second metal gate electrode comprises depositing a metal
selected from the group consisting of hafnium, zirconium, titanium, tantalum, aluminum,
hafnium carbide, zirconium carbide, titanium carbide, tantalum carbide, and aluminum

carbide.
7. The method of claim 1, wherein the forming of the electrical contacts

comprises depositing on the substrate a metal selected from the group consisting of

copper, aluminum, and tungsten.
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