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CMOS DEVI CE W TH DUAL- EPI CHANNELS AND SELF- ALI GNED
CONTACTS Background Conpl enent ary

woreaoailimd de- senmi conduct or (CMOS) t echnol ogy i BCheEs2i08/§56939
used in the manufacture of integrated circuits. A

' B Fihas RN LGRSl RO R pEEBTATI S
transi stor (MOSFET) and g@NrAyA® MOSFET. Current

fabrication processes for CMOS devices use a single
type of epitaxial materi dbachgoondhi ch the P-type and

N-t FET bui,l t. Thi t

e X BEWCBGY ot 5 i onarar QidON Ll THO s ey used
in the@ndhufacRfe 8NmtdirmBE cIMINKE RSty plcal @l d&ice iasluddd&Ro types of

devi ces are scaled down, procCess conplexities cause

trapsigfptsi o Rl ppmetsl-exiglc-spotcondunterrfeadd ciieat tranyiptag(MOSFET) and an
NS SHR PP, EAREAR Lo WS A AR LG oo

ver ficult
epiepadl atidterinl dpen tviichhiBe Pitghd andegitgic MOSOR TS agibhuieMERisncans that
in a small opening. As such, a sinplified process flow
cuirgnt{ MEPSdlevisceerBPEORt iz Bicimatomdls Bipddn caght fthaP<yResand N-
' -type and N-type MOSFETs and to inprove the
ﬁ“%@%?@???% of electrical contacts to the CMOS devi ce.
Bri éf adddSar,iap (MOS dbvitéearbsaldddisvitipguess comdexatiéSMatse

evi ce with dual.-epitaxial .regions fabricated in :
e amen fot laﬁgncﬁpmaém%?%tﬁ%wm@tsi%f}wﬂl@ﬁ and drain

re%%é)&tﬁf%%c@oftthé QMIFEPs s lalvaaf &iﬁﬁ&lﬁitﬁ@é%ﬁﬁlﬁ%fie%ioﬁraﬂg &S the tight
[ ow for the CMOS device shown in Figure 1. Detail ed
reddstion pequamasan k bedll lopesingy are systens and net hods

f f i devi t hat i ncl.ud dual - epi .
Chariner i RaTE P GRR Aorahrated © PR ppPlsuioor
mak@ R0 iRl liPthe PLEHE b NaFPEMOSIH T4 Hi! th lithpive @td féEmation of

i mpl ementations will be described using ternms commonly

clegtrishbspatackpytothosMM@kil¢viesd in the art to convey the

subst ance of thei tQ.,. illed in the art.
However, it will ba afa'é%cr“ ﬁlg}lt%g&iser@ségl@i Iled in the

art Figwre 1tibe (qVeseltick mithinduabapitmyal begigsaabicied iwatdordance
only sone of the described aspects. For purposes of

wi‘@)@ﬂ ig}péqm%ﬁe}tlogp)é theinxention.

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
a dual-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
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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nunbers, materials and configurations are set forth in
order to provide a thorough understandi ng of the

WO kdosg129ad i ve i npl ement ati ons. However, it w | PCDES2008/056939
apparent to one skilled in the art that the present
i nvention ma e practiced w thout the. cific

In gherinptangss, w%lh-gpoweﬁ [elicoarc OREted Rl Rubif g ngt to obscure

ﬂmgﬂhgﬁﬁgeghp§hﬁgkhgﬂ§d in order not to obscure the
ilTustrative inplenentations. Various operations wll

be desions grdatams wall be deseribed ey mtikipbpdisaticopsratipns, iutum, in a

magPer bl PO Bh R B =R gl Gl SRV B order of
desehiptibilsHRld RE beRBAtFUE o Trpll ARt YhdsP Bperbi@B &rORREHatiB S der
are necessarily order dependent. In particular, these

depspdentt ilonartineled thrse operapensinsedraet herperfoamed tiethe gfder of
tation. Figure 1 illustrates a CMOS device 130
pﬁﬁ%ﬁﬁggLin accordance with inplenentations of the
I NV &igur® hillukbetcCHVOB108 \deeiee 130 farmet o hEdrdaposiwith
senm conduct or substrate 100. The. seni conduct or

implgpentagers afdbe wagntin- ek Ofsdeiped 3Bt forpd ppeha gymigonductor
sut%kﬂa‘ecl@ﬁ.' G s BRHLAL orssﬂgﬂarté" f(ﬁ(ﬂh@{/ b%?m‘&teﬁ %Eialg a bulk silicon or a
I npl'ement ati ons, the substrate nay be forned-usi ng
siligbt-ennadudatoresubstiainge. Whothbr ingyenoentatens bt sidstretomynsdformed
W th silicon, that .include but are not limted to .
usige Pﬁ%mﬂﬂﬁ AL OV S PR BhIa% nof lzeea%%ém&m_ﬂa alicon dhajpctude but
arco? BRI to LAH MR LSRR H8modle! lcdM AR iHGumARbdnidéMndium
antimoni de; or other Group IIl1-V material's. Al though a

phésphi dex gathyiie @rsshidapgadiiun lagtifpide wiriother Greus HiVowatduels or
ubstrate may . .be forne re described.here, an
AIYRL § B PR e BTl B BB s F Mt B et ey be
foraRAIaEONABE BRI hedl€ \ahg enaf@ial Bt Bl lsérve ab b Souddbddiugdagyhich a
spirit and scope of the present invention. Two
seraispRéperaldesice mayrberbagt Bills vathen e spisit eediseope gf Bigrpressnt
indelfosubstrate 100. One epitaxial region 102 (also
referred to herein as an epi region 102) may be
opt iMwozepitatial sibcdt-reyipas MeGehdsitc PNORrdwradtsihs salssiratenttiol ®ne
a second epitaxial region 106 (also referred to herein
epifpexial fegpn 1‘5)% j S@rfefﬁ@fs; %%ire'@eas 3perhicgd g maﬁ%wpgﬂaezed for a

P-t SK ORARRLISOO! Whild sS40l epltilGal&BLiof §6¢ ferred t

S TS RO hR) hpicd spethl ok PSPl 90 fibsRfirred o

hereagisam epfgicanid6) hely dicapamizddoCMOS-tgpy MESIEHOMAMIOS transistor).
Fi gure 1 .provi dual -.epi channel ..reqi ons. The epi . .

Al ofe 0636t oy P Bt rr G CERra et 4G (R epi region

106, dnt SRR BES, FRNCMOS dREccShbivh FNFRRFITRPINMTBYalRS channel
epitaxially deposited. In sonme inplenentations, the

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
boron concentration may range from 2x10"/cm’ to 7x10%%/cm’. The thickness of the
silicon germanium may range from 50A to 1500A.

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

.
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ger mani um concentration may range from 10 atomc %to

50 atomc % In further inplenentations, the silicon
w@ersamnowm nay be further doped in situ wth bPCDOS20081€56939

boron concentrati on nmay range from 2x10 19/cnB to 7c

. 1020/ cnB. The thickness. .of the sili er.nmani u
im ]‘ﬁﬂlggta%l%%ﬁ@cﬁ&ﬂtog %e%ﬂhc%@% Bf ﬁf@@r 7 doperios SHR W jhosphorous
ThE em&&l céﬁc%mrﬂﬁ;n%aﬂa% SHeMh @S aeMiBMNPP§Rnit l% CPiL

he carbon doped silicon may be epltaX|aII and

ph@s@hemls velognigposhtedngs frofurtIRe #qmﬁbé%éﬁﬁo/&m offe thibless of

car,bon, do con edjin situ w,th
theSREoPER St o ShePorbseA it 1A, RS bh i whodiorous
doﬁbd%ﬂ@éo@%@%&&m?bd@s@@@)}ﬁlﬂ The phOSDhorous

concentrati on nmay ranggifrom 5¢ 10 19/cnB to 5c¢

1020he Woﬁ'lﬁié“@hllé@(ﬁ@ chfn tsplatien piseriuig dp 8 dhas s¢nagaies the PMOS
trap %_/;[01[’ &%qhg Ng/ﬂbég’o\éstl orl 5&%@301&20% sg %? lﬂpglay be formed from

or ous Icon na

rnaie(ﬁaﬂ%) (}OSIVéIﬂtIOYI)lHy e 1Mtﬁbﬁ\str0ﬁuﬂe3 anlﬂdingdﬁﬁn@tﬂlmlted to oxide
i solation structure 110 that separates the PM3S
mafgrighisiugh @y siipQihdlipride (WB2)-t r ansi stor. The i sol ati on

SU YGLHE L %@Kﬁ@ﬁnc@ﬁl\i@g ﬁ%ﬁm&&%%éﬁ&&r 'Iﬁéﬁ‘k gate dl?leccﬁ’i% éayer

convent i ona used in isolation structu I nc
11&uin veotoub implbmdnthﬂorwofdhae metﬁrdnaﬂs hsgich da=$ec$md mefenal that is

di.oxi Each f t he N trans sia
usqdﬁeﬁagb%a(t ]ﬁF%%‘eI{n@Va’PB uge ehuémq ?ﬂ}ltsag? ﬁ%umu%l atnium
sﬂMé‘ﬁ bQM@ lhﬂfﬁﬁrﬁﬂ@ 8&1@5 'l%ﬁarﬁfm Elﬂﬁuﬂuﬂﬂ 8Ridk oﬂrcohﬁﬁl &hg@ -Keconium
dielectric material that is used in each gate

sﬂlebleomd@,d@ntﬁlalm rdé, idaniurh wikidesbaromm btromitivguititeniumhefidd, barium
um. 0X

| d
Y Rsittmar i B Ra T S ARG BUTE SF et penciom

tan®dlih @R cO¥d iRad Liadhabei® Q%B&ﬁe cinbb@RicHY) % iheleh-k Bate idibRctric
strontlumtltanlumOX|de [glumtltanl m oxi de

lays¥ menbF Gatverr arunhd g asEomy (A} fouarownd thickind nflasher
em%xa%%{ntsl & ntlino ngg)lc%%!)n(%a}ﬂ nffi)éjﬂgr ﬁﬁlngg’o Elmeglnéﬁ?ia%é HElectric layer,

sudhi sladGihhéatink @y&fesmymbmvb&hd\@ﬁmt}abﬁ%l ghgi’m -lAngetiabns (A)
to around, 50 A thick. In further odj
addi? PBRAIMYeHeraRIPT e inkentioar @hgﬁe h%ﬁ -k gte dielmtrie materials

ma; "’bte%sgd ﬁJr%%Hé é £ ot R taﬁ@ﬂ?%é Qnepr{lgt‘fﬁ telfelectric
7 Ly of The RIGhk i

nmprove the matérial. In~so
maitarjal emenbatsedrfer Q}ifchtebereglmneﬂlm chle; 1miplérﬂ1emteim(bnsh1fg]lm dame high-k

t dlelectr rials .may. be used for each.ep
el QoS TS hS T b BI eRe AR AF FiBRahel uchlines Argheprgized
moml@hﬁgx MHo® u{g@etn@é |1ﬁ%a9te MBYaREs USRS ifi Bl TBAOR RPice HBItPRgh-k
I n sone |Mi(r)p ement ati ons, if the sane hi gh-k gate

bantigap.etbe PMOSrdeded mhy be optémiteil hy esioh aghinnerdyglok gatetr¢lectric
1 t hi cknesses may be optim zed individually. For
Yhst ance, if gate | eakage is |lower in the PMOS device

due At @cfal @dic Klectrode 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
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, e.g.,
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bandgap, the PMOS device may be optim zed by using a

thinner high-k gate dielectric layer. A netal gate
web@stirrde 118 is formed on each of the two hiBEF/KSIHas/€56939

dielectri c Iayers 116 The netal gate el ectrode 118

rolRER B bt Erts BhBEa i g BRab B S POt

eleEfré’c[bS\kzﬁltl Qszdﬂ%fuhéhd%ecth iPYER OR al?cﬁlt WS bk PRI OTey, FOr
the PMOS transistor being formed on epi region 102,

mat édicalascly.Hat thadNMPS trameidtor dethg fonnzedRntgppecgion 106, materials

kf t d
thaf B e R BAN-A Y S B fetinnet o ifetdd, byl hSimited
to, ABFhiANAGhiuME titdidh, @XhR8S al@aifum! dd@Bir AIdbRX b Ge mefal

P-type netal Iayer will enable the formation of a PMOS
car@aieé thag é@tud@dléeswetemeatm¢ khafhig esbidpaaircpriupeqajiide titanium

%{a{fai&n Sa IﬁP?ﬁHltﬂll_n%th gMde AIAtn% rﬂ)g)te%é(tal laggr vslneenable the

ransi S e| n

forfratien bﬁhISNM(aS g%)éld@&odl@@dhfaﬁvcfrﬁfumbﬁkﬁh ﬂHat i petween about 3.9 eV
wor kf unction nmetal |ayer jnclude, but are not limted

ang aboufy 42\ rAn seped BRi GRRNtatioNRiMVAAr MosmMelal gpte glaghPaRilgyers may
beta shg'@ ' Foﬂhét&ﬂc% a %ﬂ{f ncrff%hehlletﬁe}ﬁ%) lgpec‘fepBﬁ?etd f‘oﬁ&xlvy(gﬁy a metal

ese elenents, i. haf ni'um car zirconi um
gatealdoirddg ﬁﬂlrneaa‘llsuch mﬂnndmm tafat.al um car bi de, and

o CHgH Fiir SRIGH IR P S0 b e ire o A regons 120. In
sorYi@ '[rhﬁl@ﬂl@ﬁﬂaﬁ@nst ﬁﬁtso{u%e &Y Yi@a@ﬁ‘re%%g 128 nhy®¥ f@HﬁJe(ﬁQDéﬁher

V. nsorrelrrp enentations, two ofr nmor e netal ]
lmglanfen&diommscsddl 41343;0@013 pha&phbeaudecprcﬁsa’»qn@dtntoﬁbﬁ smmya@rm: by ctching
osited.fol

the b tS AREMES By PO SRORL Mot g Ry Rerial
Eldtaial corE@&@ 12f art &m0 aRe soiYESadd @&ami riohs 1201 CTiud@dntacts

source and drain regions 120. In sone inplenentations,
124 mes geperells fermed @f aimetelsylbascopper, Al f osrtwegstapy In accordance

Wl&(;lrl}ng?ermén% oﬁﬁ‘{af fid n‘i’x%‘ﬁﬁgﬁ L il ?Pe[r? Qelf- Qf‘&feﬂh h Sdtie

rseni o0 the substrate or
implghshiadbes, analididion epodeasinay bycud @posuotfbﬂgatadeflthdzmhf digned
silicon germanium material. Electrical contacts 124
confpeds 1 8t-ned atop the source and drain regions 120. The

c onﬁ:%{@ %gél\@dﬁ Jd96REN 80 hﬁé;l éﬁ)crlﬁﬁaeda ﬁﬁra"ﬁtm Bce?y ‘1:%1 &Phe spacers

copper, um num or tungsten. In accorda
114 apl formet mruxgrfabrm‘atlbin of thev@iOiSaleyice H80 @odh bmtilesat]l@a@t simee of the

sl st AR aE R BB o FOPHT bl 13ty PR gpried Hom Meril
wel&nbwalih %@ﬁk &P ﬁ&@ﬁtsﬁac]e% 1nc’ﬁ!1d"1§’é butnot hﬁm@&@sﬁ@ﬁ Kifide (SiN),

130 may i ncl g urality of Spacers 114.
sﬂl@p@@@d@ (3axn Sléncen tabidedSdur $1hgorf1at§rdec’@p¢<bw1tbfcalthoe (DB, and
dev % §1% enabl e at | east sone of the
silicsny oxymtrl (Si
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
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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self-alignment of the various structures. The spacers
114 may be fornmed frommaterial well known in the art

WO e008as®49 n spacers, including but not |imtedP€DUS2008/056939
silicon nitride (SiN), silicon oxide (SO, silicon

arbide (SiC,.silicon nitride ped with carbon. :
and & Retjcal é{‘ﬁ%}f i pie SRORyRIY Flage 1@% Fhg mosy i mey icld the portion
of {hiéreﬁpﬁ erl )2l thatUsillleh &indn tBO Gl ALi-A00 RLE ﬁ?a%%xfj@seklh'é_ ftaéi'tion that
t he device 130 shown in Figure 1. Starting with

ned@sgoube ranovads dostiratdey ¢0Bingpradessmppugroratemor theaapi gpicrial may

| ayer 102 | r.own or deposited. Materials u or. )
thepghb s Rt E e ERB i PSisyR BT 6 sBafuttRa e behind
theapt@d dp¥dgith 102 shbGunie Furd e epi layer 102 is

patterned to forman epi region 102. The patterning

pr odessng toddigwigyt. Beceony cobrvariicpemEon pracess niiyrhy carried out to

C At I T 4. 1P '

o FEST LRI L8 i b 7By et asbt 1o

adjdtdnt &vihelept repdi 100 Brande anstapiireladiffbRakest@tliamthacpi region
hot oresi st . mask 104. The mask 104 may shield the

10% and ths gpuiegione 08 ptuch gy Etticeapagingtangiprpsiblx Pasayse af the gature of

thegéébk?tﬁhﬁf"&egag glgg\n ?gb?:e%?ﬁlgq?fteﬁﬁ@e BSedAhL 1o eﬂiqgéioﬁ‘seﬁgzﬁ d6omay be

r emov ry etching process appropriate
lesf drantifal.epi material may then be carried out to etch

away. t he expose ortions.of t i lLayer 102, . .

e R et g e ok P Blasi g0 bGing, fr insance,
a pn@HRiod prd 4606 dtéhifig gﬂé@@ssﬁs iPwSIERANVEh BPhE @%] &lext, a plurality

deposition process nmay be carried out to forman ep

of sasifionl o UTHESephy be firmed DO6hd epi gegions X2 andg06i Tbe sacrificial

on th ubstrat e adj acent to the,epi region 102.
srgudst S0 BP9 b it iR SR b husilisshy f g
impleBlcAatidik? a ddr bh@l?ﬁiicdn&ﬁh}ﬂﬁe sit&did RA%eindd Lbie known

spaci ng, and possi bly because of the nature of the

patepning cihodgde daym the sagsiftsesd suctuigs 19hHt Ap heven idiigisy. two

. ' ' | 5S ' |
o A GRS OEL A RTY B P2 PG Rl s
108 erdsgtedisicnthe dpdregicistignde some rhplkarch@ebhy) thepaoi RS s!
or an_etching pro?ess, as is well known in the art. i
stragdyies 188 priedpansd af logatignsgn i epiicgions {4/ Qe whargdhgag)f-gligned

comtQ&esly QM LRS rERLi&Qi ons 102 and 106. The sacrificial
structures 108 may be forned froma naterial such as

pol Yeiding trFighme 6s emetchimglpeorest atchwied outitd rayere pbrtions of each

pol ysiljico .be deposited and patterned usi ng known
erBRed R RO A Kot PR it oce D N ont P N of the
sac%fo?%ial ABuGtRWN0g MalibeUs&! & bolN@arRd €64 tﬁg Tz @&g&&ﬁ W BSure 6, a

08 are formed over the epi region 102 and t\ '
poimooif thecdparegsanr UL thatesasigigacanteo iy ¢ne degiore 06 isetabpd back until a

sacrrﬁg%a(l) rs]trl}cqgfe 1|0§ i$ Pegglleid%lir?lﬂgr 3E, %tpio?tri]osﬂ ofI tﬂee epslargéiiorfl i1 635 %lat 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
an isolation 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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structures 108 are forned at |ocations on the ep
regi ons 102/ 106 where the self-aligned contacts 124
wowdos/1iaser be formed. Turning to Figure 6, anPE@r/tkiong056939
process is carried out to renove portions of each em
region. 102 adj.acent. to the interfac
t helT n%m S%rg. ot o i Pﬁtéerg%f*ctﬂr?mewaiﬂ?%f Pectir sxcent
for]t9§ &ﬁ)én lag%déﬁg&ib&%e@ﬂ)ﬂfé He fonf 107 ahBeh&Ed ik &&‘ﬁ@hoﬂﬂs
|gure a portion o e epi region 102 that was
reraédplag @ntthno)fttlhmogm fune‘gmaras B@@sqlaloats@hetdrdoh]dk @omviehticnal
cia stri (g s, reached. Sim d @l%f g t <ot of
Pa‘i%?%“%’ﬁ“&?“ﬁ HRY S5iUSFE, YSWOX%%let‘WB?Ce\%%?Q 88 aceft” 0"t RE ©
spRBis NeGkOfdrhod adjacdt 6@l shaiFieidl Rridtuds 3681 Thd §pa@érs 112 may be
structure 108 is reached. Turning to Figure 7,
forgwilder depesiting depdainad dpasgematenial andyben patiernion them@aterlal to form
e
the éjegsn é‘ﬂf% eOIVJél 1?1 Plrl rlg (gm T%ggﬂa e{}ﬁﬁ)ﬁﬁ W&§ %Il}iﬂﬁle?ﬂét se{scgfl S%QCGI‘S 112
maly&féloﬁbﬁ,e(ilffr&ﬁ ARTOR GSlCTSh@J@ ,@pd SﬁONhanmxg @tﬁeﬂssol ation

structure 110 substantlally coincides with the tops of
t he TogEng fo lapate % ¢ serond seiof sogeery Tl 4 avp famed diepan 4o B first set

of %%%?IJS ri\ﬁml“hfg@ec Ia%e gh@elrs PM 8§¥ ﬁgme‘d Iuglﬂﬁz o5 mﬁ%&arocess as

owed by o |s process pl anar
thet foyst sef of slpacﬂx,l Mmellyad{emosﬂtlon and patictieingd rhadchelahopsitbf

. the sacrificjal structures 1Q8. Turn n to F| re

impigea@fits b Sl A Eedd i groft et gLinggers 114

mﬁ%ﬁ@&‘ffef&[ thah %he%lﬁt%h@lﬁ;s@@ RPﬁ)'rﬁlQﬁe E%E Ve en sﬁa'&@rseiQQ This is
region 102 and the epi region 106. This renaining

begrose the mnamrlatl Iusedmltbl@semmtmt oﬁsoaasrs dh4 inget kevicardifferent etch
truct re,110. nti ernin r Ses
sorph et th® Pt Ydh i B TRk efi JuL RESHY 5oy e it

sct¥Fbpdtkrssiiaae bs rdidcaneitiont sEdtaadhiBCeifactif tho %econd set of spacers
sacrificial structures 108. The spacers 112 may

114. oTh@@at?ylabwé@Itthﬁ gecangd @¢th<§ usmprsSlﬁééJ@%Y &tﬁk@rqhaﬁenaﬁﬁ@n SiN,
SOt E?@ S‘h%bt Slr(‘ﬂ\l, . O.Fg% l%r% ol a st 51 gg}%)ga%f%%}ﬁ azl t?nlg'%lg erial

ovin i n gure ormt
sels@td ffr t&pﬁ@em ofldpacemy 1bchrh1@5temcet ifahe ﬁrstetSDspaSbl@ 112 are
Si NC, . and_Si ON,, anong, others. Turning. tQ ure 9, a
forgied gy, hen gfﬁa@@@?@ sehaf spreers dHhigy Rt %@%tu%n@ angef SO,

Slél,'f%ﬁ%&e% (ﬂ‘ﬁ 1§1p1érgentéE{Un§ oPBRARENSEH, AL et%ﬁ %? Eénsmwty of

ormed using a simlar process as t I'rst
thesfatst wf oﬁ:maccﬁs 312 mahthke peabag ast dfispaceantll 4pady be miadgdifferent by

1acco dance with |n%l ementations of the invention, the
AGHRESPPE CAUGLR GO FHYIWEt he second set of spacers 114

wswuﬁﬁnghé&% Ebrd N A& AR B¢ I@Jnafﬁ%@lwééa thOspRctRa 14 are

first se spacers 112. This is because the materi al
fillgd matthjarhiglvés g@@abﬂdctgetlay@f 1 Kpasks wetpl gatpraksetrodey bl 8 As will be
i Vi

nt., et C a t er i

s B G 97 ek W S0P R RE Pt Pt B
cletiré&d 1 18ethatQfrc PR bScrithe chiGedion N OPEIMdiffétfRN the high-k gate

substantially inpacting the second set of spacers
dielectric 116 and métal 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
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
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114. The material used for the second set of spacers

114 may still be chosen fromSiN, SO SiC, SiNC and
WE2OBI112mDNg ot hers - it nust sinply be differket/Us1va81056939

the material selected for the first set of spacers

112. For |nst nce first set of s acers
maf%taﬁsead’Pmrﬁbe Nﬁ\ﬁéﬁ tftaH%lSt% c%%n’ssélf’ 81‘3 SPaCEY'S ]di%”} ed
abdRY 1R ‘§or§19 'frﬁﬁlgm'éﬁﬂaﬂgnso Bﬁe of th§@p1 robibns ﬁbﬂﬁ% b §é (lskddWwhile the

sone i nplenmentations of the invention, the etch rate
highdngite dielacyriadndithe gite ckctreda arofleppied pto totherbfithecpi regions
loéﬁﬁénd set of spacers 114 may be nade different by

ring their carbon concentrations. Turning now to

Fi gui gccbiantd@ith i@ Pl‘éﬁﬁﬁtaﬁbﬁé off tBERiventReL WEAP thdove described
spacers 114 are fi hi gh- k gate dielectric

spacayéapogitign andlcigh meacass tgat@@l HPI@@W taehigh ghe hagh-igate apd the metal

gatgz%?éé:ﬁré {hgg%og Iﬁ cls#ﬁ%%? 1S4 uﬁté A\Jenteﬂ 8\!%?' @ﬁepgé f %@%ﬁg For

insénee fo@ﬁV@ﬁtoﬁMerodebges ;3 délﬁgthlfhlngB lzn;&y afld & p&te cfecoodd lager and
gate dielectric 116 and netal gate el ectrode

hi
thefl:p%cht thesC layeas bagkip forgyibe g@'ﬁ:é;taéb |ten,d€t@ ibg somplsx spse these materials
are' & etchfwfutaﬁ r&Rlts Iif %Iﬁﬂcéng %iﬂeﬁa&%é Hﬁr?@dthg chhfhg )Process

transistor, then't ate-d tric
116 Tarmdngredwa lto E@hﬁ: Ell, dtetsraoﬂﬁcﬂl]@rufcmmmld)é%mé ithe fist &pof spacers

1 oNn Se nm appropri ate for .a P .
1 Biy@Poraf Calentome i hie SPREIE HBLOPH G4 aBb0gicon may be
sl Tiephotes |2 1PHERImd RGO 10 %tdh§ntq95tllmgp%@lprta@5 R e
MOS transistor,” then the high-kK gate dielectric |ayer

rnale_tal ased 1mﬁt@ﬂpaqat$ ¢12bwdhatodd nml_@ntome tiecimetgeinl uskhé teefoirm the

reqi on 106 |a S ap for an
sepf e BT TR v RP IR Gl BB iR gnd the spacers
112bRY%Rs sdverd @ﬂéﬁcheﬁ]ﬂia@ BEIsahbRidss oPIhe cpf relid@s @P2 akmONS
102/ 106 may be masked while the high-k gate dielectric

and Anhien gapleniafier posers redvetherepo sartiediowirip dmplaat ignmito Bie

ex]ifsgr%gﬁi g&l‘uo[tfgf R0 %pl 8&4 E{Q ?(32 !uﬂi oglrh%q ?Fdn 1Qns %orrn source and

ions' o i NvVen the

draiie gogidnse d0 s¢hacarin Gmee i2.i An aﬁﬁ\@thﬁg ptbcpsmeﬁﬁ)llbaf theidn implant
trenches in which the hlgg k gate and the neta ate

to difffuss prstier ackyatp dhetgpartst Busqnee il hpiaianethe deRasyt may be boron.
cony.entd PHRlusRERSES S8§rce ﬁ %ﬂﬁfe?fb‘ﬁ? 126,98 @NRLrical contacts

processes that deposit a ayer and a gate
12@ thac aneampodna;t éto dindtrdnicbes @tec thetshee ahdtylemrsrdgiamk 1£0. Metals that

ate sta tend, to.b 0 X Since
et anAar St TR bFE et iR bOvRT T DulR RS formed i a
selﬁhgguehlrﬁﬁﬁter BRhEscAAGPLE fddNG dP6siBhE MalgiaPIRF @8 $renches left
Turning now to Figure 11, the sacrificial structures

beliod buthe sabefi¢iplrsituckiess 108 ang dlweipgcars 212 Bhe bradvesalt is a CMOS

tional etching processes appropriate for
de%8f¥§?||con may be used. The spacers 112 nay be

r enp\eskditi g fabriRtieh prfcedsiTidw Fo¥ aaRRI-Ofifaxal ehdnael CHOS 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
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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material used in the spacers 112 but that will not

renove the material used to formthe second set of
wepasar®4914. The renoval of the sacrificial sSPCT/US20€656939

108 and the spacers 112 creates several trenches that

ose portians e .epi re ns 102 .and 106. I Qn
ten?iﬁ% Bt & HHTERS E@Qgr%&y R HERObE iRt UG G igion Teauitements
in %ﬁl@ﬂﬁeﬂu%ssé%ﬁﬁl%rﬁﬁb%t RRe ga@ antelf&fb%i dMioh & £Rbust contact-to-

regi ons he i mplanted ions form source
gata rigbtahcaian wel gb oorgadt 20mersshananl hemOEtagudlelemﬂonSOand contact-to-gate

PR PR EREES MO S AR TR M e v

resigice BRHcaIOS B vickhe dopant nmay be boron. Figure 12
illustrates the source and drain regions 120, as well

as dheegbovecigscrintionaf iliisratgd implemeniatigepeishe Exyentiany incheding
Wh%l{ﬁ Ql%gs?l%e@‘{ne the tﬁg)%trgé%?l{% glg’& %n qldgé ;?0 6}32%(%\%%5?12% 8% goglrlringteﬁtﬁn§entlon
to &b@v&lse%ﬂnsﬁmmlmﬁs Wi geeifit ompRehentatiansed, indtAagipdeh for, the

manner because they are fornmed by depqgsiting nmateri al
invieptien YR desribRe h@@m fof tuspfi e uBROSEh & a8 QY G ot modifications
aresﬁorsﬂﬁ%w%ﬁ% h%%c@ﬁ@ ftﬂ@ R@’gg{g gﬂ-l)]?,ge %ﬂg@dbfrnl tfgglre'il%v(n?tﬁyeh{ will
recppoeess f|OM/f0r a dual-epltaxial channel CMOS devi ce

has_been descri bed. I n accor ce wth ntatl
of  TRE O RET toR Tiawre re gp TRRYeation s iR of B e fited
degcﬁbﬂbﬁ hren P add 1&'%09@%1 %eOT’alﬁlil S s B d h@@oé”doﬂﬁrﬁﬁed&@th%ut the

dielectric and the netal e electrode to be
invseterr @tthe ypesgid 1mpi%nhnta1wmts declosedein thhspegifverasarfd theyvclaims.

ar .t he dual -epi . devi ce, of.the jnyention uses :
Ra&‘&F ftﬁeaTGOBﬁ 8J8thF‘ é‘é‘feﬂ}glg’% 1Stcl‘8 \68 ﬁStSFBde SB%‘ieYYe%‘/ &5 3?11510“{1“% fgims,
whidfpe €EYd Eisttidd i@ ad¥dHH £H ol Gvi RSt AR tring$ LS sk ffferpetation.

of fset | andi ngs of contacts. In conventiona

processes, contact patterning to the source and drain
regi onstends to be a very difficult |ithography
operation due to the tight registration requirenents
in a small opening. Self-alignment to the gate is a
preferred option for a robust contact-togate distance
as well as contact di nmension. The contact di nensions
and contact-to-gate distance are critical features for
MOS performance because it directly inpacts the
external resistance of the MOS device. The above
description of illustrated inplenentations of the

i nvention, including what is described in the
Abstract, is not intended to be exhaustive or to limt
the invention to the precise forns disclosed. Wile
specific inplenmentations of, and exanples for, the

i nvention are described herein for illustrative

pur poses, various equivalent nodifications are
possible within the scope of the invention, as those
skilled in the relevant art wll
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recogni ze. These nodifications may be nmade to the

invention in light of the above detail ed description.
wab@stieons used in the foll owi ng clai ns shoul dPEDUS1H8/056939

construed to limt the invention to the specific

i npl enent ati ons di scl osed |&JI]1 .the specification and the

claims. Rather, the scope 6ft™e invention is to be

det grm ngdcp/mg §&lide Rnprlighgt 0l | owi ng claims, which are
to be construed in accordance with established

docufirstepitofialokgiom i nterpretation.dains 1. A CMOS

devi a fir epj taxial region; a PMOS
devi %Zw@ggﬁ%l tﬁeﬂgnfﬂﬁ@ gﬁ# E?Ef%llonr’egl on; a second
epi Laxdol e Pﬂﬁilﬂﬁreglwﬁ' B RdrBintthesce 88 taR il Ire'gmalls fERdFom a
is formed Troma different material than the first

difegsent andterial thagithafirsh ppikmpdreet.ce formed on the second

e AR S R RO b b AR ARSR B P2
c ontRetrizaldontasal doupletd gned. PN2OS Thée NSHOS déemes; evhefcie thai didctrical

1, wherein the first epitaxial region is formed from
CO@F“FW pscldetignst um 3. The OMOS device of claim 1,

car Bon doneq Sop ey EPOEAHEL, (RN st SRR L formed
ﬁovmghmﬂgdnhneniﬁfvm device conprises: a sour ce region
L Or e | kR0 hic BB 1 bRt schof Sh g i

forg{e@f%ﬁEérgoﬁéa&Iasﬂ%HEd on the first epitaxial region;
a netal gate electrode |ayer forned on the high-k

gat é. di e[TéeClM@SIdayleqt of gainT hewmwm thie PMERS dfvied aimmriges:
wherein the qﬁs dlel r|c | ayer conprises a
e anpiret Bt B3 P oru PSR SR/ <t i g o hatnium
OXi delraif &doioriifOrmbd irCAB fiRsticPRaxidlapiibanum oxi de,

| ant hanum al um num oxi de, zirconi um oxi de, zirconium

S| | it dipgh- bgﬂt@élekw&%«t @V@r@mw@l theifirafrapifariabaegion; #wk i um

e e

oxi de, | @ad (@SN dlietmm: bﬂﬂhﬂﬂl unvivttidehe Righ-K @addizicogic layer
cor?liogse%taematenal 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.

6. The CMOS device of claim 4, wherein the metal gate electrode layer
comprises a material selected from the group consisting of ruthenium, palladium,
platinum, cobalt, nickel, and ruthenium oxide.

7. The CMOS device of claim 1, wherein the NMOS device comprises:

a source region formed in the second epitaxial region;

a drain region formed in the second epitaxial region;

a high-k gate dielectric layer formed on the second epitaxial region; and

a metal gate electrode layer formed on the high-k gate dielectric layer.
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6. The CMOS device of claim4, wherein the netal gate

el ectrode | ayer conprises a nmaterial selected fromthe
w@e@apiensi sting of ruthenium palladium pl aPCTURZ008/056939

cobalt, nickel, and rutheniumoxide. 7. The CMOS

devi ce of_ cl ai , wherein the NMCS devjce conprises:
a \sllgur cetfhs&%ﬁb%%}%a% ?fﬁmf eVRIR G he @élﬂ%a%teameé@icﬁwer

copH§RiaMmdtE& 1Bt Ry MReh th8 ot RGO Slahtiin@xideeHARMim silicon
a high-k gate dielectric™layer formed on the second

oxigpi lnathpaim peige danthamdn alumenah ogalceziedopomn oxide, zngenium silicon

forned, on t.he hi gh-k te dielectric.] ayer.8., The .
oxidR BT 0w B Bartieh s FR it oGPt PG (ahium
oxid8y@fonGMRIthEeS oXidByefumloxtR| fai@tint boiaL BRI @aAdBm tantalum

consi sting of hafni um oxi de, haf ni um si l'i con oxi de,
oxidgranddeadainsnigbate] ant hanum al umi num oxi de, zi rconi um

oxi de, zi ' jd] i i

O o umiBE RROT Rl PR K Encrb AT, B B etrode tayer
colapiisey mrhatt@dliselaviod ifiden ths igf@iptdousisting @iHafiiiumx rieknium, titanium,

yttrium oxide, alum num oxi de, |ead scandi umtantal um
tangalyg ealugipyinn, dgfniyin carbige peqniumg carpide, tionaing earbids tgptalum

cafbl®l M aruhiBheidvigbe nmetal gate el ectrode [ayer

conprises a material selected fromthe group
congdlst i Agmothoth@abmpuismg:zi rconi um titanium tantal um

al um num,. haf ni.um carbi de, zirconi um carbide, titanium
car BPUE I epaniing & B pead e RR A WA v car bi de. 10, A

et ReehGARRIH8 LIRS a SRiohd¥hiabkh¥n dRRRSIUbkAgea first ep

regi on on"a substrate; epitaxially depositing a second

epi foregnpan palatipe stsudbee oattks subsirate hgtvwenan ithofirat ¢romegion and the

structure on the substrate between the first ep
SCPBEIFBH BN t he second epi region; fornming two

sacférhiifg Blo SicrifiebstRREHREPNORBI e {0V NEre b odcs Alpidifand a drain
region and a drain region are to be fornmed on the

regfign &ye tepe faregl on the Bishemgegiows sacrificial structures
pr oxi 0 i L. Feqi -
o o RrERhE St AL E) SR RHEERR RO PG, 3 s6UpL Rt @Bl drain
redion &t teBE forfned padler scat] gdesdiod;o the sacrificial
stryctures;. formng a second set of,fpacers adj acent
fl 1

to {HENRg f St SeoTSPACSHAWACET! t&RONPEIIHG WUCHE: hi gh- k
9! Gouflifd £Gdcohd shidfShackRt Ak bANG MPRLMREBT {iEer VO

sacri
depositing a first high-k gate dielectric layer in a trench between the two sacrificial

structures on the first epi region;

depositing a first metal gate electrode atop the first high-k gate dielectric layer;

depositing a second high-k gate dielectric layer in a trench between the two
sacrificial structures on the second epi region;

depositing a second metal gate electrode atop the second high-k gate dielectric
layer;

removing the sacrificial structures and the first set of spacers; and

forming electrical contacts in the trenches formed when the sacrificial structures
and the first set of spacers are removed.

11. The method of claim 10, wherein the first epi region comprises silicon
germanium.
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structures on the first epi region; depositing a first
nmetal gate electrode atop the first high-k gate

waelr@Becond c | ayer; depositing a second hi gh-k P@r/es2008/056939
dielectric layer in a trench between the two

sacrfici str ctu he.second . region;

depéé1 ti ﬁ@eal & aﬁ%‘t]g?la W fz‘F‘ é%“toiﬂg&gl ng%ﬁ Copwrises carbon
ndnhi gh-k gate dlelectrlc | ayer; renoving the

sacrificial structures and the first set of spacers;

and lﬁor miThg netthect afictzin Idpwherststhe fornting Df@né&méegiomtmetdre

f h
colf ik SR RE p aniarr 3 ShETRT eRE S bR epigrfadf ndt interfuce

andB&foBitigtaR®xfderigferepi regi on conprises silicon
germani um 12. The nethod of claim 10, wherein the

secéﬁd eghe ﬂ@&l@rpf@%ﬂ\@rhosé@e@m@@ﬁomwdf G spedisial sguctures on
Jllgltslagoqldoef & %nrsncgi rlmed’egbﬁtu?]gg la&&r 5? ﬂl%{ ?Eco%r&%]@r the first

i'on” st re co
andé @&bn@épﬂrh@oﬁs aftﬁitpaaﬁﬂmsg':‘tQQ malysidicoi &gfo&ﬂ&h@iachﬁellat structures.
interface and dep03|t|n an oxi de | ayer. he
met héd oflhg Iﬂﬁiﬂ?ﬁdﬂf cl ehcicHethe é‘?rﬂﬁlﬁ% Of)‘ihe tf’r]i@ set of spacers

corrﬁgﬁﬁsfd'eﬁds?tjl m%?& Edﬁ% 01t ahﬁrs{ ﬂa%értﬁ grlas,leo%f‘ e%ﬁ’ﬂ)strate and

I ons co |ses |ng a ayer of polysilicon
patmsrmmgtt]hteﬁtfst s;smeranaielsdctmﬁdnetﬂm firegetofspareds. pat t er ni ng

the 0 lic sacri fi ci.al ruct ures.
0% 180 Tt iStatcl climoy BheRiche i Hing of B Heend Sp fisgacers

corﬁlbﬁs%ts d%ﬁ(ﬁsu‘ﬁfg SQREE R $REPEE S&IoERNAS L hAGA ONHe SHBtrate and
| ayer o first spacer material over the substrate

pataamlng ghe @pmm@at:ﬂenétﬁmdtto fpacihe serand sétall spasefsomireteirethe
i St set The net h
secpd s eGSR oo Sl Bl Yy Buf ilibpmateria
compri seghdep@wdidmatinm 100nherfiml | ayer of a second
spacer material over the substrate and patterning the

sec Hredloppaiieg ohthe dirstalighl gote dinlediiac etorpmpsises dgpositing a
maZﬁ?%? ggléctegd"ﬁ?ﬁﬁh@ ? c&%‘}%%fﬁ‘g toﬁ]r R Im '8? dg r a%luuﬁlas%hcaon oxide,

eren trvi space

lanltf&]h&ﬁﬂ @ide, lathha'ﬁhﬁl diehinach (Qfldé; |zﬁbd$ﬁ1ihﬁ oxwtee El&tdmurtl Biticon oxide,
p05|t|n of the first hig %ate dielectric layer
ta %rqxsdés éws?%%dﬁaauwr@m%m dyyggogtlcs pyHm H@mum oxide,

str&{tﬂlgrptl&ﬁ 1H&%tt?1funh@115] lé[{i KlfSxi [e‘ﬂh léggnﬁidn'l ﬁaﬂfhlum oxide,
Xl ant

anum oxi de ant anum al um num oxi d
and lead amicunmobasd, éed zi rconi um si l i con oxi de,

the depositing of the first metal gate electrode comprises depositing a metal
selected from the group consisting of ruthenium, palladium, platinum, cobalt, nickel, and
ruthenium oxide.

18. The method of claim 10, wherein:

the depositing of the second high-k gate diclectric 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

-11 -



tant al um oxi de, titanium oxide, barium strontium

titanium oxide, bariumtitani umoxide, strontium
W@ 2aoania9me oxi de, yttrium oxi de, al um num oxi dePCT/E81908/056939

scandi um t ant al um oxi de, and | ead zinc niobate, and

t he, depositing of .the first netal gate el ectrod :
Sele%ﬁ%?m@e@e g, §P?%lﬁ§1ga>fﬁ%?nélﬁms7ércea tlﬁ%lmlttﬁ%ta&nb @¢fpminum,
ha@ARS babidedziRfonluth REBIdMitaRiah] BghiHA taRhRb O¥Fe GRR Al dminum

ni ckel , and rutheni um oxi de. 18. The nethod of claim
carb@le. wherei n: the depositing of the second high-k gate

dielgctric | ayer rises,depositing.a erJ al

Sel 83t e THF B KT g By oo BHETEL TG B NP DTG i Pl spacers
coﬂﬂ?ﬁws UPpISingl Mmiachaxt €8s is lcapibnasruemexindehe idbigadfUiiterial without

al um num oxi de, zirconium oxide, zirconiumsilicon
subssdngielly reamvang the sxdoad spader il oxi de, bari um

str %t I u'T‘h%: h{e%d%c?ﬁﬁlgl%’, wﬁ%{einume tf&lnﬁgégmh]g)&egﬁical contacts

strontiumtitanium oxide; 'yttrium oxi de, alum num
comytists dep@itth ssorathd isutistria &t @k td R eboctcdiefrora itk ¢reapl ca@isiting of

ni obate, and the depositing of the second netal gate
copfIcEA HBET: AR UINEESN - deposi ti ng a netal sel ected from

the group consisting of hafnium zirconium titanium

tantal um al um num hafni um carbi de, zirconium

carbide, titanium carbide, tantalum carbide, and

al um num car bi de. 19. The method of claim 16, wherein

the renoving of the first set of spacers conprises

appl ying an etchant that is capable of renoving the

first spacer material w thout substantially renoving

the second spacer material. 20. The method of claim

10, wherein the form ng of the electrical contacts

conprises depositing on the substrate a netal selected

fromthe group consisting of copper, alum num and

tungst en.
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