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(MOSFETs or MOS transistors). The ICs are usually fornmed using both

P- channel and N-channel FETs i i is referred to as a
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di nensi ons, the thickness of gate insulators and el ectrodes used in the
gate stacks of these devices is also reduced. 100031 It is well known that
the performance of a transB3W(GREVYNOOEZAENRVIENINONed by applying an
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i's deS|r%PIe t.o provide nethods for fabricating MOS devices
cvices is al so reduced.

[0003] It is well known that the performance of a transistor device can be improved by
applying an appropriate stress to the channel region to enhance the mobility of majority
carriers. For example, the mobility of clectrons, the majority carrier in an N-channel MOS
(NMOS) transistor can be increased by applying a tensile longitudinal sivess to the channel.
Similarly, the mobility of holes, the majority catrier in a P-channel MOS (PMOS) transistor,
can be increased by applying a compressive longitudinal channel stress.  Tensile and
compressive stress liner films have been incorporated as channel stress-inducing layers for
both NMOS and PMOS devices, respectively, for the 65 nm, 45 nm, and 32 nm technology
generations. However, becausc the thickness of these films decrcasces with device pitch, the
stress applied, and thus the performance benefit achicved, also declines with each new
generation.  Further, as the thickness of gate stacks is reduced in advanced devices, the
fiketihood of channel contamination by impurity dopants from high encrgy ion implantation
processes is increased.

[0004] Accordingly, it is desirable to provide methods for fabricating MOS devices
having cpitaxially-grown, stress-inducing source and drain regions. In addition, it is
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havi ng epitaxially-grown, stress-inducing source and drain regions. In
addition, it is WD 20101085757PCT/ US2010/ 021999 desirabl e to provide
met hods for epitaxially growi ng stress-induced source and drain regions
usi ng fewewopnog@ssssteps. Further, is it also desirabberiupiRydele such
met hods that alleviate the need to use ion inplantation as a nmeans of
dopi ng source and drain regions. Furthernore, other desirable features and
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subsequenisitiefeaid gdcdesarsi Puiien, i9ft abecdinvrns heri@rdi hananpendedl ai ms,
taken in conjunction with the acconpanyi ng draw ngs and this background of
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recesses, nvfwiofj rst recesses aligned at least to the first gate stack in
the first region, and the second recesses aligned at |east to the second
gate stack in the second region, epitaxially gromng a first
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region, formng a second gate stac avi ng second sidewall's overlying the
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and the SBUGHY™ BEditescGisps B fHen %56ﬁ81P@@$8ﬁ@8ﬂﬁﬁﬁk%gﬁéﬁ“?p t he
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epitaxially growi ng an in situ-doped tensile stress-inducing
nonocr ystiapPiFnexlay icaibodimephel flier gvertisoes ks metwd comprises the steps of
2010/ 085%@[%8@(& Hﬁ%@&c@é%@%%g tirst sidewalls overlying the first region, forming a second

gate stack having sccond sidewalls overlying the sccond region, forming first sidewall

spacers overlying the first sidewalls of the first gate stack, forming second sidewall spacers

overlying the second sidewalls of the second gate stack, etching into the substrate first

reeesses and sccond recesscs, the first recesses disposed in the first region and aligned to the

first gate stack and the first sidewall spacers, and the second recesses disposed in the second

region and aligned to the second gate stack and the sccond sidewall spacers, epitaxially

growing an in situ-doped compressive stress-inducing monocrystalline material in the first

and second recesses, removing the in  situ-doped compressive stress-inducing

monocrystalline material from the first recesses, and epitaxially growing an in situ-doped

tensile stress-inducing monocrystalline material in the first recesscs.
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BRI EF DESCRI PTI ON OF THE DRAW NGS 10007] The present invention wl|
herei nafter be described in conjunction with the follow ng drawi ng figures,
wherein i ke nuneral s denote |ike elenments, and wherein: 100081FIGS. | - 7

illustrateysehenstically, in cross-section, nethods foscf@hsieabing a

sem conduct or device having in situ-doped, epitaxially-grown
stress-induci ng source and drain regions in accordance with an exenpl ary
enbodi ment of the present invention. DETAILED DESCRI PTI ON OF THE | NVENTI ON

(00091 The follow ng det grligdpdgsRIFNONADE PFEtHEA WINERt i on is nerely
exenplary in nature and is not intended to limt the invention or the

appl i cat ilBP7And has@eseat watiom et resnnaliey be nésserdicd, int prafuciian pathi Akent i on
to be boys,hy; &QM/H&{TERJ(% \Qﬁ&@l@nﬁ @%ih(ﬂaits n310Wiﬁ&%Q1ﬁQHbgﬁk»@ﬁ?”xnd of the

i nvention or the ow ng detai l description of e I nvention. 10010]
CbnventldWﬁwﬂy}1@§|iak?éh%yﬂﬁOPM¥m©LébuHCeoaﬂmddnamwﬂmégﬁ@n@mmmthﬁET and

PFET devig lﬁ§:olllcﬂ¥9)k]\fl€?w@h§\ﬁ % 19ts$t §<§ udog 118\';1%(1)e—§ %t sf_jg merr H)%%I%er Z\g/: gﬁs

type. FollTow ng 't or mat | dtac

a first §GUHULKWFOU®$Sﬂmqe$U¢p$CK@nM&@dnﬁO&ﬁﬂhﬂﬂﬁhﬂm&mmmcﬁmamd drain of one
of these device types. This sequence is followed by a second, simlar set
of steps to formthe source and drain of the other device type. Each set of
processi ng steps typi cajﬂmllelummpordepasmiWMJc&& bl anket dielectric

| ayer in ET .and PFET, regi ons, I|thograph|c formati on of a soft
mask over“?ngﬁ)ﬂ wfﬁl ot d%ﬁi@éﬁ%&mr\mﬂ th SYPHIR" [YICKHY BHIWEYY SpRaiiet ch of
the diel @6d i 6ol A%@AEcd B kA m@mndu&uapn@t liedbn 891.Q% &0k ofvenghdeval |
spacers on the gate stack in that region, 4) an ani sotropic etch to form

sour ce/ dFATTREMERe S5 159 inleatipy i de Peuchy ¢ Beary aurscnted théicsuessdider egi on,
5) growt B.QfAngdf tth@li)rlv)ént%nrcﬁ%?c fo NG, Bka %;cfcg(?(léﬁ!)n Hﬁh@ﬁ}'v@rlt:ogt ensile for

NFET or conpreSS|ve ET) in the sourc In recesses of the second
regi on, émHOB)CPéWﬁV@M“@fqv%éMHNéh@U@ﬁme¢avb®dmncwhm~%lNﬁFTmmgPBHT Maski ng
protecti gn.then.dis ! e\ I t essi ng
steps are fepeaf%‘% PQ%1%% éQQEEQﬁégﬂgéﬁ%ﬁg%. Bd%lfg THE C%ﬁﬁwﬂ e
enbodlneﬁmswb¢noﬁ@HQMeéanmbomV§ﬁﬂ%mnPﬁ§§bmgbesnmﬁMmﬂSOEMDmiabngmimng NMOS
and PMOS tcda[n§| St I taxia str i [

havi n - S-i nduci.n ource and
et Tk A M T S B B e A
t hese rrebtned&ondncshmmie s& Flsrgh @ Bing hesbepe il £rOk BF FRWIEE dane (dfai Buch ecesses
self-aligge? Q‘phe ate stﬁcks of b?th NMOS g g’P&FS devi ces. The recesses
of both d&v] 8@%%‘& B Bofsefly arlugey ) denopifigt obhplaakat diclsesisdery ét Bathi ne
mat er i al NF&ving PeET helioBOMPRSSiphe: BFmdBASE h §o S Ih @SSl ﬁququm«,trep@@ﬁrt Ies.

The first eeltaX|aI material remains in the source/dralin recess of the
devi ce t9tp§ “E) jegrogy 3 @gamsotropic cteh of the dielectric layer in the second (unprotected)

region to form sidewall spacers on the gate stack in that region, 4) an anisotropic etch to
form source/drain recesses self-aligned (o the gate stack in the second region, 5) growth of a
suitably stress-inducing epitaxial material (tensile for NFET or compressive for PFET) in
the source/drain recesses of the second region, and 6) removal of the dielectric layer in the
first region. Masking protection then is applied to the completed device, and these
processing steps are repeated for the other device type.

[0011]  The various embodiments of the present invention describe methods for fabricating
NMOS and PMOS transistors having cpitaxially-grown, stress-inducing source and drain
regions. In contrast to the conventional method described above, these methods include a
single etch step to form source and drain recesses sellaligned to the pate stacks of both
NMOS and PMOS devices. The recesses of both device types are filled with a first epitaxial
monocrystatling material having cither compressive or tensile stress-inducing propertics.
The first epitaxial material remains in the source/drain recess of the device type it is suited
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WO 20101(185757PCT/ US2010/ 021999 for, and is renoved fromthe other recess
and subsequently replaced with a second epitaxial nonocrystalline materi al
havi ng stress-induci ng properties opposite those of the first material.
Accor di ngl wo NMaEsand PMOS devices may be fabricated hayi&oi21099

per f or mance- enhanci ng stress-induci ng source/draln regions using a

sinplified prqcessin ence. Such roces ce requires fewer
l'i t hogr apﬁ)§/ ‘hn(r%d" lcf@hagﬁ%rgémv%éch (E%?‘?‘rf‘&aé “P‘d)“oai X @rp ‘E‘P\Yléh [’JP‘(?@%%%@W'I n

accor danceowsdristatifte maREPodiviBN sSesstiRicHQUEGLerBd o BRI QYT NG NBY: be i n
si tu- doped during the i taxial Igrowth process with P or N-type inmpurity

dopants sUFFEB & 48 Mehe A MY b PMOPpEpy s ppipe fabricatyd hyyigspdrgrraance-

schemat i calhbioing Qir&EARBciHEGHICNdraBtHAAS (s { QriINGd 3, S&W; 60 r device
100 havin ngl Pl\/mg’ and NN& rar]115| fsitlor sL W t hL Sepl taxnlqr[!a y(’j}‘gr("z‘:)év\ﬁdl S?&ggﬁsﬁl nduci ng

source and“draPHCFBgicarPce reubies Smeanickoawphi cméerdugcwxehgr arypenbodi nent s
of the i nyeRLLON,\WiLE. tlpgccfoﬂﬂﬂdc%tﬂ Qﬂczogmlﬂ)%r}n%n?nﬁ{c Soul E:hnc[\lwhrg‘%gnsone PMOS

transistor is il Fustra ed, Le appreci ate $ ‘depi ct ed
in FIGS. may bgingin-dopedbisds th@ chacbm @atveh amgessuwithel oof- tﬁmcimptuntardspmsor S.
Various steps. i %(Q] 0Rpuf acture of MOS conponents are well known and so,

in the interest of brevi ty, many conventional steps wll only be nentioned
briefly hépEIIn WGSWll + Tbdluemitt sednmntdllyeliry cwist bation pmembdi ng henpeal | known

process det all 00131 ferri in accord nce with an
exenpl ar y &y gﬁlcﬁ% cvicg hlép)%ntié‘t"ﬁléglqﬂég ‘HE{GHV](& GOy 4t ’s%lrﬁ‘lé‘dﬂkifﬁ@t“dr
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[11-V mat er| such [ium ?rsenl de, or anot her sem conductor material.

Seni condUik (S’r‘1 Whse %"f é‘“’j:*ifd’“v\n Wihilg dheclehagation op@ortiepept erp NYGSopad one

conveni enagoshishsivbit §OuksrdibdTid Il 1RNppASiaRkd Hhd: %l&%tf?&@%ﬁﬁl@t{:@u g jerm
"silicon substrate is used herein to enconpass the relati ve1 pure silicon

mat eri al & tpIecard ¥ fyisgciny pHebes effushidosstons. |Vr4d9@>tbrtf5pb asll1wlalruféstL1®| licon
adm xed VMft\WOthlaﬁlf)o:?cln@nﬁ@RQ RH&M, € %?de%eﬁrm@rr{tmcstccﬁ{ bl?(?sﬁté/i_ r%ggy %dn%cntfoﬁﬁ The

silicon substrate may be a bu r conprising nonocrysta ne silicon
or, as shibwn withomly G mentioney biiefliahdartin nr balyer 0064 oftirsipvatioygtratidinpercsi | i con
on an ins, 4 (commonly know as silicon-on-insulator, or SQ)
that, in %ﬁﬁ{gmg"su“ﬁcg&qed by a carrier wafer 102. The thickness of thin
silicon |88 Jmﬁmrmgytwaiq/ ldapeaﬂrdagcoomth he dxdhﬁlnd/ednlaﬁphmﬁarht ol

sem cond cto devi ¢ r 106, is from about 80
nanonet e'rﬂjgf”l b pf%“‘g%ﬁt‘cril Bﬂch‘ﬁ{g’f ﬁ‘rn[bf%dtcl @ﬁi arrﬁ ¢ Sﬁmr‘cé?@ Y SERgalg @ ibsr med

t hat ext enﬁboﬁ hgcougliuhhi miIsi aceinl LLQMQL& <>14Qﬁur1 Qrsdnﬂ&“'o@tah&guﬂ A¥elond@b: The

i sol ation reg{r ogs are prefer ab%\ﬁ or me Il known shallow trench

i sol at | oAN4(TY f‘Bk&ﬂ‘Pﬂ“ﬁ@éé“hP PIGAT & P‘éﬁ@hféfé bgrrafeged el@r cpitvenietienbi | i con

| ayer 10@\/11[%h£h:ﬁ1f&ﬂﬁh@$ aaMNRof kslds@GeW 12 i%uﬁ“ eliggt (db(%ncﬂ@tﬁrds@d h(§UlﬁhoaS a
deposited silicon oxide, and the excess silicon oxide is renoved

chemi cal SHEVHAM ‘c‘}alidﬂl‘L'\Y\(D“QU&‘GYOO%W@WPGTTNUSQO&M 029 9gniphralngo:i m@u»u@n (C\WP) .
I sol ati op; KR Qr@lrc@)ﬁ-adﬁrx%d% do h& KRG | 411%&5 Oil aﬂ]l.l_r%}rectu%an NEE_ILh{ fgLon 180

and a PFET regl on upon gate stac ransi st ors,
respecti Ve yilicen eubsubsm@mémllbylldmimeccbmmmnlg,emsmcrastsihmﬁ aidla)nrcﬁgitmhoﬁzﬁ)B of

el 1 regiion i eEert s i HBOR G PR s P ResGirolod e 041 on T80
for the fabrmody komw caf» sFPEEiForandulhEFTmtfﬁ(ahShcﬁl Or Siun, reSPeetey BY Y. carrier

wafer 102, The thickness of thin silicon layer 106 may vary depending on the intended

application of semiconductor device 100 and, in one embodiment, layer 106 is from about

80 nanometers (nm) to about [00 nm thick. Isolation regions 118 are formed that extend

through thin silicon layer 106 to insulating layer 104. The isolation regions are preferably

formed by well known shallow trench isolation (STI) techniques in which trenches are

ctched mnto thin silicon layer 106, the trenches arce filled with a diclectric material such as a

deposited silicon oxide, and the excess silicon oxide is removed by chemical mechanical
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[0014] Gate stacks 124 and 128 are fornmed overlying NFET and PFET regi ons
180 and 200, respectively. Gate stacks 124 and 128 typically each conprise
a gate insulator (not shown) overlying the surface of thin silicon |ayer
106 and a weteinekestrode overlying the gate insul ator.pchhgs:60mp0s¢ t1 on of
the gate insulator wll depend on the technol ogy generation and intended

| i cat f de 100 ther th |
o do (Se5r Y B BRLFE o ORI B B ey T B P sy "

where X i Si0auduantPEETgrgah €00t ‘Z’Blrcﬁ),gdsc' S dkOMoNNEET eyt BETT ¢I@m@a<[ynl tride,
or a high diel Ef,tl’l c const@n% _ghi materi al such as, For exan‘g
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y are greaat@surichadhed oPexa@ipld Merokih kg an M-ndc Q@mgﬂﬁﬁtlh@’”[@fméum?’?"(ﬁ}anldt shoul d
be under st ood that as used, herein, references to deposited filns of ei t her
silicon ri-bpede!lgeeier 1 RBRT asayen 150 e herlabiioqtiemelolf odﬂdddﬂudedwt%

stoi chi onBgkie AN nonstoi chionetric conpositions of these materials. The
conposi tion of the gate electrode for each gate stack is also

appl i cat i[BH4 ec(h%bte@v Igénet aL% o fdemln@eﬁrlnaMEﬁamddﬁﬁﬁrmgeps fétﬁrcuelxarrpl e,
impurity p lyer I n 0 be of a
Conposi teﬁ?yiggpeﬁgxqu ﬁ&aglt ld( ET‘Z% cl!l(li q?& lypu,dg)( citchecogll ’i’“c‘bﬁgfj Iéslur\y( r‘a@t

met al - conrbcvwe)l mgtlylayelnc slufabc a thif emcexa;wi 6 dnidt lagutmm:alddblodaljlﬂ'g\l)hc

tant al um nj t ten ni

nown 1 nPike Paflfol Lol sshMEEPR bk S lfi 155 PS¢’ 4y BiecBebpasicl udes a
cappi ng Igay@ammmdhw:rmigct Eﬁ]ﬁlcg&h}%fﬁhﬁﬁi [@ﬂ@dm@"ﬁbﬂnﬁlhﬁgﬂh&qru%ﬂ-ﬁ@ﬂo@n silicon
nitride, (H%)nltrlde or other suitable materj al pr ot ect

the gate’ E\C&‘m@é&% (étﬁf St ehtlePrionea sh ngicat epde (51‘@@1‘811‘-“%%? 4 g

si dewal | nspd&erchiay@hn %@@ el ha%ﬁd’@:g siic6H @iy@tﬁhﬁd Gr %ﬁ%gﬁ H@lecﬁ‘ﬁéc&né’ém for
exanple, silicon oxynitri de or pr ef er abl icon nit

bl anket - d&BlS) fetBhveeh ¢ vy %h’é‘P@uW&'@é‘ %ﬁm@)‘eﬂf@@ qw*w”nein«; or@lgi ons 180
and 200 SH@S[Q?@ %/h@ltcag i %gfb Q‘QQCrll%Qn z@od&m@ty ﬁ%ctecrordb%}'ﬁ{m %?ﬂm@y% be
deposited, for exanpl e, | asnma enhanced chenical vapor "deposition

( PECVD) sl e upddrseods Ihldenle u(»ei h@):mamﬂ‘cxmcpher deqarsridi felmgs Nlﬂa)tiw:)rszlmohr ogen
(N2) in pres r

deposi tednﬁ{é{i nog ﬁggvﬁp%te( g{}rd g ggem(t(,nd?:d Hg Eong% 8“e|10}s/1| 1% %IT%D”%V\P 'R either
Si 114 andmNEﬂo@}etim cumnohmomm@&@mﬁﬁam? PGTd &dﬁﬂﬁﬂiﬂbl@ﬂﬂ.&g%ddl giheto&irl ane
(SiE2C2) and N, The 1 hes, S 1 acer layer 130 is in a range
of £rom SEBLEGek i 8 e UL S R o nR S RS E DG ESREP e w th t he

ani sot r opkanygt,cimpafiysiopenablycspatie Jieyer 1@0g4te cfardacf mkptalssi slewal
spacers 132 and 131 on the si emalls of gate stacks 124 and 128,

respect i YEPPSIGLPE|PYES f ApEhof pripriggtalboe ‘T‘Fﬁ% Oéeewmyweécwwww usi ng,
for exanmphdd,asploasoma i, il[cﬁﬂ@ hM‘i‘dd mﬁﬁcﬁmlt&gllﬁtﬂo@rd‘!f'ltﬂ%xl&hﬁm1 (WQ? based
upon car bon trlfl uori deI oxy to etch icon nitride, and CHF3
or car boR' etk pubrvelk! \'(C@F‘A)“ khe aglt cﬁdcé}lqﬂ getnsteky A4 ARdE28 Tl sypétabh i s
perfor ma%cﬁﬁae@-ﬁ &aBpih 8RS Sb AN e gm@cﬁc‘rcnb@cy%mﬂléglg rI(?zm:\dtﬂﬁ)Icr QﬂL%R of thin
silicon |ayer 106 whereon source and draln recesses -are sequent |y
formed, aidla SiPoemsilicesoxgitddoml bispadebls MB@izmnd phd4!t tho gavecldesidc ed

t hi cknes [ f bl st sidewall spacers 132 and 134 will depend
upon thea{'g[ ﬁgﬁgsécg G 1%§&88 SlI ‘spacer |layer 130 and the intended

appl i cat i&ﬁrhﬂlandcxreehmk\m@yspgenemtil(’m Cbzlflattlsndﬁmdﬁlﬁocmﬂﬂmh&1ftlaabll’ch cated for,
and in one errbo nm a bout 12 nm at their base
al ong suFFacE gico%ﬂxyi’ﬁéac Pb@m%‘njf-%f’i??‘\ Ko ﬁ?‘@? cpedid EeC‘EYHd; 'g? ain

r ecessessitf2e af ¢vanit Sﬂ)hfcﬂﬂhfgabg,lynﬁtiﬁ)h@d 200801 dakd Jhacks h 2L 128Y Slael A

pr oxi mat e anleseIf alig g to gate stacks 124 and 128 using these gate

Stacks. aldof pet SPdBary oAt 011 39Ul by 3uplaenie pRNGeE SIEMIBUFINGG t hi s
et ch, th&pﬁ)hl:@lkﬂ&ﬁ&f[@f)r&dC‘;‘S&snﬁgQ]@M@H;H?}@ﬁ‘@@[@l %ﬁ%o@n@r\lﬂi%[r{ﬁ Deppomewhat
eroded Sour ce and dral n recesses 142 can be etched by, for e>‘2’arrp| e, RE
using a Kydr dgeR"Sr InitdeepHBOapleson S S0 mpsy Hecbe derryitebusne lexenpl ary
enbodi ne nd,, gk a S .0 aydept from
about SOﬂ%?ﬁllt&gldgﬁgiﬁfﬁ gi ni %&Ottﬁ%&e @P?er bf‘@tﬁt%ﬁ%gzﬁﬂf hd%ng et v?/geérel{ rom
about 50 nmto about 65 nm deep. Pref erably, the etch depth is controlled
to miintain at | east about 10 nmof thin silicon |layer 106 between the
bottom of recesses 142 and insulating | ayer 104. [0018] Referring to FIG 4,
a first stress-inducing nonocrystalline material |ayer [50 conprising
silicon (Si) is epitaxially grown in source and drain recesses 142 of both
VET and PITT regi ons 180 and 200, respectively. The epitaxial process is
performed selectively to silicon surfaces so that growh on non-silicon
surfaces such as first sidewall spacers 132 and 134, and the gate el ectrode



6 WD 2010/ 085757PCT/ US2010/ 021999 incorporated into the crystalline
lattice to form enbedded silicon/germanium (eSi:Ge) or silicon/tin (eSi: Sn)
| ayers, respectively. Preferably, the enbedded conpressive stressor is

eSi : Ge t havvonmayeesf ormed by a high tenperature reactigar/behweensd he
silicon precursors and gernmane gas (GeH4), with HCl gas added as the

et chant . T conpressive stress to
channel s gjeloslmig%hg#@eﬂﬁﬁw Eg St g”%‘l‘étb&‘%ﬁ”&“éﬂﬂ”i cr Pgéb@c‘t By, In
anot her enbadi fent 3 nhheast 1Genmat erial includes up to about 50 atomc %

and tains fromabout 20 atomc %to about 30 atomc %
In a i%ﬁ{ihe “’e%‘élﬁrf)‘{]éﬁ}‘”é%%@? HeEmtsofpe SFP i alidovid srageedayar 130iper 150

' S i npur i fhdtn dRREIdMaliNspacds yPandlapant, @k aneoLISUER. RSO 28%aMmbg, boron
(B) by adding, for exanple, diborane (B2H6) to epitaxial growh redctants

during fdFHEETEH, “THEuHEd of Fedch alltopph evyi Wepsfresd -usndubir ngusdur ce and
drain matgfddlor Q@Lmﬂgﬁjut\%lh (I@[E?L]@lﬁ(%&ch%%gtbdicﬁ u%ﬁlpggb(?t 11¥1u?1fch 'foxygiclggus to

the perfornmance of évi ce mask
conpri si AgHE Y@ klveeth r’lchlurfmtnéntdcahn(taélﬂfz as cabor texénpide, (Gth)I locmh okyomi tri de

or prefer il i nket - de ed ove, I egi,ons 180
and 200 |(ﬁ2{“¥cﬁ% 4”(Piat%-‘-f’qs% 8‘1«. zi’o ‘“30 1280V C%‘It”sﬁ]élﬁ‘er %§996{WHQH§4 and
first stmreggs thmcbthwxmmcmsﬁlaldon memmatum main 1Icag(,§;f~, A5 bd Jua]lc%cdluﬂﬁ@k | ayer
160 may pos reV| | y scribed wi re erence to

si dewal | q.e” ‘m g?migt?t %i ﬁ?k‘fﬁ'ﬁe 4 g“% OngE “‘fdrg HRaBdut S nmto
about 15 U?nﬂlkmhﬂo[bﬂ"h@[ endadi syeats | hand m&knhma ub6P icShURRASHE 8hwAR @
conpressively str ayer mask Layer can be deposited as a
onpr ess |”9‘éﬁ|°2// L ‘é“% 't @i’s“é} l“’a‘;}@ﬂ‘d%%f‘palﬂ‘f 44ep F'Hlb_‘cf H@]Q]ﬁggﬁ’é?it“i“g‘nthf?tégé’tc%lth@g“and

C

deposi ti gabreaRdidd QS» bhe KAMIMERND 8w 00301 M RROLQNE$S 5l LIRS pA84 then
is formed overlying hard mask Iayer 160 in PFET region 200, as |IIustrated

in FIG gslonprpifseeddian 10vask 164 is formed using a suitable |ithography
process gﬂlﬂ‘?'l S JEdh @R [‘9{@} @t &)hlcgqu d](d :cE&Qcaalﬂl'Z QL xﬂpt#tfopﬁzl@hct& ANaLd mask

Iayer NFET regi on . e ani sotropy Second
Si dewal | tipadiepslayg2l Oém@ﬁfmtm@ Weidlt,!yﬂdng ghie setkslizdemall B8 syiacbes 282 and

over|yi ng, 1@%(9091@'[“1\9 I(BINcl[fl vlgd%&ssft%fg {sl”ilﬂlnduﬂl ngdsihs rtgLfmy Cé‘! {1 l?% d(téﬁ{alsal | ayer

150. An etch process previ ousl describe spacer
| ayer 130f fiey sidewus gaipcrandl iusl b}@nmc)olbd @dlbtmdtf@dscrmsmnd agd dewaletesspacer s
162 havi esired.th th nes ral l out 80 % of

t he thi cE%e %nd]f)cfd%le% r@b%‘“ﬂ”ﬁ?ﬁe}{wéﬁ“%? 1’?'(503%“ m igzﬁgl)érmﬁh tcgcné‘btb‘ht 12 nm
t hi ck. Pbmztmrde@l tontBRSKmAGS doflRdichd,Menmy afd UsiingecdsseoN¥eRkl @Ml (@ghi ng
and/or s E L stri p| Ng process 100211 Next, because a conpressive
stress-i 60%“1{) 558 Tplo ¢ ‘%%lﬂfl)f%r“l‘?aﬁ'%fbl"éfﬁh‘éﬂyctpﬂgict’ﬁ ARCNEETIRGP@E to be

formed i B50N@YIOILELBES nhi de8h. Phdr@sSy] MAUEhNGpMBRQSKYsikalid et erial 7
about [0 nm of thin silicon layer 106 between the bottom of recesses 142 and insufating
layer 104,

[0818] Referring to FIG. 4, a first stress-inducing monocrystalline material layer 130
comprising silicon (Si) is epitaxially grown in source and drain recesses 142 of both NEET
and PFET regions 180 and 200, respectively. The epitaxial process is performed selectively
to siticon surfaces so that growth on non-silicon surfaces such as first sidewall spacers 132
and 134, and the gate clectrode capping layer overlying gate stacks 124 and 128 is
prevented. The first stress-inducing monocrystalline material layer 150 can be grown, for
example, by the reduction of SiHy or SiHyCly in the presence of hydrochloric acid (HC)
added as an crchant to control growth selectivity. Layer 150 is formed as a compressive
stress-inducing layer by the introduction of additional compressive stress-inducing clements.

These elements include, for example, germanium (Ge) or tin (Sn), which are thereby
)



WO 2010/ 085757PCT/ US2010/ 021999 | ayer 150 is isotropically renoved from
NFET region 180 using a suitable wet or dry etch process, as illustrated in
FIG 6. In one exenplary enbodi nent, this etch process includes imersion
for approxvoatelys730 minutes in a "standard cl ean 41" ¢8%:sk)ioS8Sbsit i On
conpri si ng ammoni um hydr oxi de, hydrogen peroxide and water

(NE140H H20) / F1.2 n anot nbodr erat ure of i.s solution
is eIevated’zm‘;T %“ ”gémﬁﬂﬁp“ﬁklﬁﬁﬁo ﬂﬁ?dm dPﬁg&VUiG@”%Wd@ £@‘¥he

structur &ﬂltbﬁ}’iiE’EEgﬁ M Yiyon, 208:ciingy. UGId‘ﬂ@aBlﬁYtﬁé chb@ddued PGt S u8lsehis [ 0022] A
second streas |nducrn nnnocrgztallrne material |ayer 170 conprising

silicon &ng Rt h"@“’t@n@lﬁ“@ 3t F A4 PRERRMFg B drTices teuilicen P ansNFET
devi ce i sn8@b@ahi ¥l \GeeRy, bhamiadil s UL s SQHhCer h%rtde[{cM miPEEERES 142 in
NFET regi on 180, as illustrated in FIG 7. In one embodi ment, epi taxi al
grow h oﬁOP@§EﬁCQWOWHﬂVJ%@“ﬁéﬁddﬁﬁbdDFﬁ“®'§iWﬂkdﬂﬂﬁamnewdasQdeséﬂi&ed

pr evi ouslays il 6f GXARE RmbOuiRichS e SH1.65 frul PG n&sﬂg@&%r?%@u)w) material
Iayer 150 except for t ange I n reactants
t ensi | e- $1% axbpriciebe mtaersefmmbosrua% drasuc Foao dexar?r@Ia@;mcc‘é)rﬂhorin(a(];‘)u,rumr a
conbi nat i f.t 1 n e |taxral

r eact ant SQ&UQ ng nﬁﬂ%gmﬁh oﬁ§<§¥srﬂﬂH dt%zrgl | r%(l:r(i néprtrq%éopc%\g@r | °I'i con
carbon ( d@)dtl@}lcrmwrcrt hﬁfor&pmhplesboamt (ems:ryldedrﬁg rfes&ﬁmpkc&&mm@i (B‘LEIA) toThe
deposition. ically include nmeth slinme (Si21-16
), or deFJW%F§§§WHEF”FWQE8“%%@%PB%P“ d@ﬁﬁegﬁxddbfBWWde”acéﬁﬁﬁdﬁmé@brce The
typi cal ebtwchanid gasesa@fig dohGheandtion rehhoubar (0Rpecidp ANALBEY wembodi ment ,
second strg -ind CIE% nocrystalline material layer 170 includes up to
about 3 AFOMMEER TS Tg&e’f"érably i ncl udes from about 1%to about 2% C.
Because @joibhe nekesaneanak Bat t@r apchRakd drm&lﬁ id ﬁb{t@ﬁdr%ﬁ&,dst#a?cér ﬁ,?g“d
stress-induci ng nonocrystal I'ine | ayer grows only in the source

regi ons e?m@hé‘WMKﬁFPraﬁ@¥§¥meCWh“@U¢Mr%W@ﬂweQ@wﬂhﬁﬂyL@WMQd&wmﬁﬂ80
conpoundsg, S 468 iadudifOLaEXAMR! 14 LI HE c f (PH ) are
added to ?he eﬁrté%ﬁh?ureactants fﬁ ?ﬁfﬁﬁﬁ%néﬁ)lﬁﬁQ&Pl3 839 fﬁ”ﬁf type
i mpur i tyuw@gaarncepemmlsc ardgemlr leyqrASY. dha! mms!@h@eplhﬁnm;rsbc(@))os:ncespect ively.
The use L i nduci ng source
conprrsrﬁgngﬁ%ﬁ?ﬂn£§qg I%C “Ws‘%%%@%rﬁrr "B r?“?h%ﬁé @ﬂhhﬁdﬁﬂﬁ“'bdan NFET
devi ce. cQQQB]ﬁAondxdrnghyu>Mhmslﬁmhhodl@moymdﬂSWﬂen&uiﬁaaﬂdy@ommneSSIVG
stress-induci ng source and, drai | Lon d PFET devi ces,
respect|3%F””“1'b%ﬂ%?gggpﬁg’g??@@éﬂghdugﬁLEd#Q@é? ‘?&@Féb@b”%FNET devi ce
i s epit axdapbysivgtyosmdssed ldybeysQuiGey aRdipisaion (ERGANSd afpobiabi cialicand NFET
devi ces, qnd i s subsequently replaced in the NFU device with a suitable
tensil e StPQ¥8.MMdtici ng | ayer. By using the sequence described above,
conpr essipogost AeSHid:ReiGhog [ BRLRK,] {alﬁ%&%hc@ﬁ e 8l %m%{i@&?ﬁr bgdy bef ore
tensil e-stress inducing materials such 01 /085757 / US2010/ 021999 as
cSi: C.  SeRicHfprieddisiatedtin dd§- iSndBeatprgsisramerki Hi4sist ppnehbdiyg bewitere r et ai n
their str@gsmpnAUeilgaRr @H@Jdt !seiﬁ YWER, 8 YR fiE zﬁgonogrc SURS %%i'r%qrtms%égivfit ed
t enper at ure processing, such d%posr tion of hard mask | conpar ed
to tensi & gtNBSE rq; mﬁukﬁrondlrr:dbehq aligtsug ki s @8, s@ohthatdmtvdhdmbm néet ax under

h t " I
Dot h REE At B AcT AR P8 O RRR G et bR B Rl |

pr ocess, infth@n@meaocofstd it arxucahl lgy@vutslﬁ reh atch \peode® pibeodsOf adscsbdastitiat e area,
al so referred to a [ocess é g, iﬁ substantially increased. This
iy o

factor nRy BECHEHE iP5 @@h H§F§F@%é?“WHX¥¢¢ﬁ9 HICREYS because

the gr OV\Krl‘lb\f\m*Htk@a@hemmﬂ)&!n@h d¥Bit @I thdtkSesh NTHEBlitknERJL 8RR ral Qb 8h oW f evel s of
process | oadi en | oss caontrol |l abl e than for gromﬂh in |larger

regi ons. Md F Sh@?idﬁéPﬁé% 4T PP Mrcik feds aheutl Hwm Gadboy 12ev@l didks t hus
more di fpricedtbdiscdndk MBY (HeB $hctnolBd fr!rrllgnt hhiv%‘ﬂf&ﬁ%l’%hﬂ&%ﬂé/{; SloRRG §apRed 0SS a
substrate and from substrate-tosubstrate. However, "while the

above- de¥€f$bed enbodi ments provide for the formation of a conpressive
stress-ipgygl r‘i'gcmc@cﬁls@ld cf)r%hr QRA Ry &g f OﬁJH?PK'n%P ?Eon%lancg cr?han?r
stress-induci ng materi al e reverse seq (enc A1'S6 88 &4 herein.
In this me@%ﬁﬁdcwheun@mbuh®i@Up@es48%duahHQﬁﬂndenmahmmmgmmmnepmumxiaIIy
grown first as may be desired for particular device applications and/or
processi ng.

drain



10024j Accordingly, nethods have been provided for the fabrication of PFET
and NFET devices having epitaxially-formed, stress-inducing source and
drain regions. A first nonocrystalline material having either conpressive

or tensil ewsti@assisnduci ng properties is epitaxially gsempshngBebdh PFET and
NFET source/drain regions. The first material remains in the source/drain
of one device.type (PFET or NFET) sujited to its stress-inducing properties,
and is subsé Séhﬁb tg?pé‘ﬁllll%é(\é]ﬁm’i“ﬂ-ﬁf’ﬁ’eﬁE@ﬁ_é‘?g“a‘ebéioc‘é"”igyb%‘”ﬁwcé“‘ééb HHiGiat eri al
havi ng oppeskd, @s situsesisd NEAC NG PEOPRI8S embQfi MBI AR 2fn HRELaKkRkemat eri al
in both PFET and MTT devices during the same growth process increases
process |'DRFHY dRd PHEFEREeriRamsdesgiow hsigngpe g6t r'dl’ GC-bheolelpint axi al
process. dompadidl; ah@bnidnl18yREQGE I SEIUENGES:, A6 Walep%Qiflhﬁriﬁbag/f-i%w fe fever
|'i thography and etch steps than required by conventiona processes.

Fur t her nofethepnbatianalty Yo Growneoaphéssiuien andetadssiol dogt 15eser gheci ng

sour C.G/ drl‘ﬁirﬁl nfa§191. QRS ‘ofp&s R sihdited TR %389@86]{1 cFu Hl?g l'f%lfclrrf%(? ﬁl&rlngg an
inmpurity inplantation process. Accordingly, Fabrica I'on~of” gate St'dcks

havi ng t Hhinresh. gate insul ator and el ectrode | ayers required for advanced

enerat i vigces i s .enabl ed without the risk.of channel contanjnation by

igrrpl ant egﬁod%Ean}teé’;&of]gdﬁB\’f” "1'e I%?n@f[é(éi1@"16%“?%5{@WF%W&&%@&”%‘m‘Cmas been

pr esent ednil havig feosiegaicngindetiai begedies Guitqt koan oiFEhelciipy enttiediveiyt shoul d

be appreci at eﬂ that a vast number of vari gt,i o\@s exist. It should also be
ay Jgp T

appr eci at® HtSPHB BRI 4Ky TaRgEHere 2 op NldniseRny ¢ detbsdtiet s are
only examplies, [apgk ansodn@ént) dpiendedod® di M 1708:$RAR oARR! ihGaRh I ty, or
configuration of the invention in any way. Rather, the foregoing detailed
descri pt iR M dprebiuerangde Wk rfeanentor et aressinducingameeniehilent road
mep for RN 159 REpeNe IR ke STRAALIENE) U b ., 4 QVERLL O, uEinEe' ng
understood that various changes may be made in the T unction and arrangenent
of el eneftedcdeseti pedoi nxamlexwhonalQ). enodintemtioni dfhioutilcdeparitduiggf rom t he
scope of CFO%H!SQS\IQMCHQ(E]tl‘%%{)ﬁkﬁ&‘tﬁl‘&l‘é s '?,a%}el 7@9190?&@61%11& A arr[%ox?o%%/sﬁi " egal
equival ents. Vhat is clafmed is: ‘

cmbedded silicon carbon (eSi:C) layer that applics a tensile stress to channel 154, The

deposition gases used to form ¢Si:C typically include SiHy, methyl silane (SiHg ), or

derivatives of these chemical species to provide a carbon source. The typical etchant gases

arc HCL and/or chlorine {Cly).  In another embodiment, sccond stress-inducing

monoctystalline material layer 170 includes up to about 3 atomic % C and preferably

includes from about 1% to about 2% C. Becausc of the presence of patterned hard mask

tayer 160, the second stress-inducing monocerystalline layer grows only in the source and

drain regions of the NMOS transistor. In a further exemplary embodiment, compounds such

as, for example, arsine (AsHz) and/or phosphine (PH;) are added to the cpitaxial reactants to

in situ dope layer 170 with N-fype impurity dopant elements arsenic (As) and/or

phosphorous (P), respectively. The use of such a tensile stress-inducing source and drain

material comprising an N-type dopant i3 especially performance enhancing to an NFET

device.

[0023]  Accordingly, this method provides tensile and compressive stress-inducing source

and drain regions for NFET and PFET devices, respectively. A compressive stress-inducing

layer suitable to u PFET device is epitaxially grown in the source and drain regions of both

PFET and NFET devices, and is subsequently replaced in the NFET device with a suitabie

tensile stress-inducing layer. By using the sequence described above, compressive stress-

inducing materials such as ¢Si:Ge are deposited before tensile-stress inducing materials such

8



1. A nethod of fabricating a sem conductor device on and in a sem conduct or
substrate having a first region and a second region, the nethod conprising
the steps of: forming a first gate stack overlying the first

and a second:@angrst ack overlying the second region; pepys28b8HbRg
substrate first recesses and second recesses, the first recesses al

| east to

in.the first nd the second r

the first gate stack in. the first. regiol ] the second |
i 1 gned db “Fiast it SPhaSuBonen puitier d i EHE beBBRn o G e
epi t axi alihduc@Pebprgicd vihich Stbjstddas Subsguat agyvaRNespystal fblesiBt@hial in the
first and second recesses; renoving the first stress-inducing
monocr yst&PIRE Heeet mark ke POneompiat o spalssisss iadiging materigdppychyibal | y
growi ng assECRNEnatE ASS IHRBUGLN B0 MRNAECT ¥etiak | dyN8o iRk @l C?J!npl'c@si@(pﬁrctnj—

recesses
conposi t
mat eri al

growing a firs

.. Wherein the second stress-inducing nonocrystalline nater

ko fipxr dntbofly DIFET hadf RIFISK seirpeddisin ingiges dgingothocrys tealtdsial

'pz'oc,gss, EEQ%L&PM%%%\QI& (9!)\Whmcl:!uivé’%et{1§ Itc{a'tlf[sngsl‘;%ceﬂcef? ‘Zur,g P&ét‘?&i‘ t%lals
t In al1i terial conprises

stress- U%lng nMoNocCrys ne mater

regi on
into the
I gned at
ecesses

r st
al has a
e

y

epi t axi alprogegyr lowding ia sobyprtields iivecastd: ed8isi faducinng rolwactiygt ial dchiveingat eri al .

3. The n:%%;/rtel?sgcng; inc(li l%i imc?(hes%gcragsi‘crlhé Q:%w?ht R c%fcpﬁee Iiatl ?n)gltc?‘slalls% %BW(@%n?

conpr ess

or at low levels of process loading, is often Iess controllable than for growth in larger
regions. Achieving a target film thickness at low loading levels is thus more difficult and
may result in film thickness inconsistencies across a substrate and from substrate-to-
substrate. However, while the above-described embodiments provide for the formation of a
compressive stress-inducing material followed by the formation of a tensile stress-inducing
material, the reverse sequence is also contemplated herein. n this regard, the tensile stress-
inducing material may be cpitaxially grown first as may be desired for particular device
applications and/or processing.

[0024]  Accordingly, methods have been provided for the fabrication of PFET and NFET
devices having epitaxially-formed, stress-inducing source and drain regions. A first
monocrystalline material having cither compressive or tensile stress-inducing propertics is
epitaxially grown in both PFET and NFET source/drain regions. The first material remains
in the source/drain of one device type (PFET or NFET) suited to its stress-inducing
propetties, and is subsequently replaced in the other device type by a second material having
opposite stress-inducing propertics.  Formation of epitaxial material in both PFET and
NFET devices during the same growth process incrcascs process loading and thereby
cnhances growth rate control of the epitaxial process. In addition, the process sequences
described herein require fewer lithography and etch steps than required by conventional
processes.  Furthermore, epitaxially-grown compressive and tensile  stress-inducing
sourcc/drain regions may be in situ impurity-doped, thus climinating an impurity
implantation process. Accordingly, fabrication of gate stacks having thinner gate insulator
and electrode layers required for advanced generation devices is enabled without the risk of
channel contamination by implanted dopants.

[0025] While at least one exemplary embodiment has been presented in the foregoing
detailed description of the invention, it should be appreciated that a vast number of

variations exist. [t should also be appreciated that the exemplary embodiment or exemplary
9



stress-induci ng nonocrystalline material conprises epitaxially grow ng a
conpressi ve stress-induci ng nonocrystalline material selected froma group
consisting of SiGe and SiSn. 4. The nmethod of claim3, wherein the step of
epi t axi al lyoas@wksrgr a conpressi ve stress-induci ng nonogrysh:adolok gy, materi al
conprising SiGe conprises epitaxially growing a conpressive stress-induci ng
monocrystalline material conprising a Ge concentration of from about 20
atonic %C_f%’oﬁ%‘ﬁf‘“’ 50 Oﬁg’o“rﬁl@p'%’ and ﬁch "I%é‘ll_ﬁ‘é‘{%ﬂda gt @F éF‘?ﬁ"i‘,‘pi\}\bﬁ_ WynPre he step
of epi t axbafifat@hovi g ideRRaaNdns Waes Rathic AiCioRgoMnREs s Halkpng wat eri al
conprises_epitaxial I,i/ growing a tensile stress-induci ng nmonocrystalline

mat eri al PO TRE TrtHor Mot il hPE RS hinth©r SPRpERing g ANy

gr owi N9 nfh@BhdnoSHE 8FSnidnNAUEHH D AN IRAOGT et AhibiNGFBL §Edyale LIRS L3eS
epitaxially growng a tensile stress-inducing nonocrystalline materi al
conpri si Ag'§eC. and 7arrapemepbtof sdengh tscdespiics, invde pednmwlthecrgiodpont veppttaxi al |y
grow ng ‘?‘[cﬁeﬁﬂﬁé h‘Smﬁ‘M ?C%Bé of the tnvention as set forth in the appended claims and their legal

cquivalents,



i nduci ng nonocrystalline material conprising SIC conprises epitaxially
growing a tensile stress-inducing nonocrystalline material conprising a C
concentration of fromabout 1 atomc %to about 2 atomic % 8. The nethod
of claim1, wherein the step of epitaxially growing a first stress-

i nduci ng nonocrystalline material conprises epitaxially growing a first in
Ssitu-doped stress-inducing nonocrystalline material. 9. The nethod of
claim8, wherein the step of growing a First in situ-doped stress- inducing
nonocr ystvahdtisngdainmati é:i al conprises growing a first in situ-doped
stress-induci ng nonocrystalline material conprising a P-type clopant. 10.
The nmethod of claim8, wherein the step of growng a first in situ-doped

stress- iinducianeheMAOSH ¥stiddinoNe sBRLBhd Rtor CRIRET $E8nD5PW Rehid L&t 10
situ-doped stress-induci ng nonocrystalline material comprising an N-type
dopant .  FRbstrie haeinpedirgredomin asccoieraion thhmedivéporoprisy thaxtead oy grow ng a
second st ress?orm'étﬂjd'a'cﬁr?tgg;gp rl?agkycﬁteﬂgilnlﬁﬂﬁe rﬁ%&tetreg;i%!a and rs'c%ﬁ? o EL?(?(I ally
growi ng a second I"n situ~doped stressTinduci ng”nonocrystalTife erial.
overlying the second region;
etching into the subsirate first recesses and second recesses, the first recesses
aligned at least to the first gate stack in the [irst region, and the second recesses aligned at
least to the second gate stack in the second region;
epitaxially growing a first stress-inducing monocrystalline material in the first and
second recesscs;
removing the first stress-inducing monocrystalline material from the first
recesses; and
epitaxially growing a second stress-inducing monocrystaliine material in the first

recesses, wherein the second stress-inducing monocrystalline material has a composition

different from the first stress-inducing monocrystalline material,

2, The method of claim 1, wherein the step of epitaxially growing a first stress-
inducing monocrystalline material comprises epitaxially growing a compressive stress-
inducing monocrystalline material.

3. The method of claim 2, wherein the step of epitaxially growing a compressive
stress-inducing monocrystalline material comprises epitaxially growing a compressive
stress-inducing monocrystalline material selected from a group consisting of SiGe and
SiSn.

4. The method of claim 3, wherein the step of epitaxially growing a compressive
stress-inducing monocrystalline material comprising SiGe comprises epitaxially growing
a compressive stress-inducing monocrystalline material comprising a Ge concentration of

from about 20 atomic % to about 50 atomic %.



12. The method of claimll, wherein the step of growing a second in
situ-doped stress-inducing nonocrystalline material conprises growing a
second in situ-doped stress-induci ng nonocrystalline material conprising an
N-type dopant. 13. The nethod of claim1l, wherein the step of etching into
the substrate first recesses and second recesses conprises etching into the
substrate first recesses and second recesses having a depth in a range or
fromabout 50 nmto about 65 tin. 14. The nethod of claiml, further

conpri si g t h&hstreghodfoldepasi, tiirgeiatdi wdpesitdpitaxihiay gowaves |séﬂoﬂ@ stedye. first

and second regi ons fol].own e step of epltaX|aIIy growmng a first
stress-i HYLEN g’“‘}?ﬁh‘détf‘{}@? 81“?‘%‘ *ﬁECOr?H%léﬁ citaxiafperowing dsPHESS UG- Byt 14,

wher ei n theost/epiial depasi ting a dielectric layer conprises depositing a
conpressively-stressed dielectric layer. 16. A nethod of fabricating a
sem conductor device on and in a sem conductor substrate haV|ng a first

region apd a gﬁﬁﬂﬁ%oﬁ%' ?Ilm 4 & Bt n%dsl&poéw{ Ill?lklilg Lnow;;fw dq%mcfc @tubgﬁ rmng a

first gate st avi ng rst 'si-dewal 1's Tove form ng
a secondngmtmo&Mmo&yhd%nmgm&ﬁenndwsmdamahkﬁﬂpgﬁaﬁmgmgnﬁhauﬁ@qa@duﬁegion
formng first pacer s, adj.acent the first sidewalls of the first
gat e staEKmOYéﬁﬁHH§m§%8@ﬁ@”§”ﬁ #al't- spacers adjacent the second sidewalls

of the second gate
7. The method of claim 6, wherein the step of epitaxially growing a tensile stress-
inducing monocrystalline material comprising SiC comprises epitaxially growing a
tensile stress-inducing monocrystalline material comprising a C concentration of from

about | atomic % to about 2 atomic %.

8. The method of claim |, wherein the step of epitaxially growing a first stress-
inducing monocrystalline material comprises epitaxially growing a first in situ-doped

stress-inducing monocrystalline material.

9. The method of claim 8, wherein the step of growing a first in situ-doped stress-
inducing monocrystalline material comprises growing a first in situ-doped stress-inducing

monocrystalline material comprising a P-type dopant.

0. The method of claim 8, wherein the step of growing a first in situ-doped stress-
inducing monocrystalline material comprises growing a first in situ-doped stress-inducing

monocrystalfine material comprising an N-type dopant.

t1.  The method of claim 1, wherein the step of epitaxially growing a second stress-
inducing monocrystalline material comprises epitaxially growing a second in situ doped

stress-inducing monocrystalline material.



st ack; etching into the substrate first recesses and second recesses,
the first recesses disposed in the first region and aligned to the first
gate stack and the first sidewall spacers, and the second recesses di sposed
in the second region and aligned to the second gate stack and the second

si dewal | spacers; epitaxially growing an in situ-doped conpressive
stress-induci ng nonocrystalline material in the first and second recesses;
renoving the in situ-doped conpressive stress-induci ng nonocrystalline

materi al 12r onhhenciliodssr ¢lgieesseshe@mdihe step of grePideaxisedohy igrsawidogedan in
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gr owi Ng  afeskh@ikciny 1%9@1@5[99@51%@0?1&’@0@51[s%%n']@%@'d@&mﬂnnocrySt al line
material conprises epitaxially growng an'in si'tu-doped conpressive

stress-induci ng nDnocrystalllne material selected froma group consisting
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bor on- doped conpres stress-inducing nmonocrystalline material. 19. The
met hod of “Eis&] HvHR,2 %ﬁg‘r‘él“ﬁa‘igﬁ"’é’ é‘toébat%&‘g* dpip é&%béff‘ § YPowing an in
situ-doped tensile stress-inducing nonocrystalline naterial conprises
epitaxially growing an in situ-doped tensile stress-inducing

nonocr ysﬂ@ﬂ | i hee mahed p%gplm@bhﬁpitgmﬁgmgi1@10 the step of depositing a dielectric layer

overlying the first and second regions following the step of epitaxially growing a first

stress-inducing monocrystalline material.

15, The method of claim 14, wherein the step of depositing a dielectric layer

comprises depositing a compressively-stressed dielectric layer,

[6. A method of fabricating a semiconductor device on and in a semiconductor
substrate having a first region and a second region, the method comprising the steps of:

forming a first gate stack having first sidewalls overlying the first region;

forming a second gate stack having second sidewalls overlying the second region;

forming first sidewall spacers adjacent the first sidewalls of the first gate stack;

forming second sidewall spacers adjacent the second sidewalls of the second gate
stack;

etching into the substrate first recesses and second recesses, the first recesses
disposed in the first region and aligned to the first gate stack and the first sidewall
spacers, and the second recesses disposed in the second region and aligned to the second
gate stack and the second sidewall spacers;

epitaxially growing an in situ-doped compressive stress-inducing monocrystalline
material in the first and second recesses;

removing the in situ-doped compressive stress-inducing monocrystalline material

from the first recesses; and



70. The nmet hod of claim 16, wherein the step of epitaxially growing an in
situ-doped tensile stress-inducing nonocrystalline material conprises
epitaxially growing an in situ-doped tensile stress-induci ng nonocryst al
line material that is in situ-doped with a dopant selected froma group
consi sting of phosphorous and arsenic. The nethod of claim 14, further
conprising the step of: formng first sidewall spacers on the first gate
stack and on the second gate stack; and ani sotropically etching the
dielectric Iaygmmm@bﬁgﬂmmﬁgemndlshﬂﬁm@hlu&maﬁemaﬁomhkh@'ﬁﬁmsmyﬁwdﬁmal|

ck.
spacers tmhatcnd?m [hc?ust {CCCS%Q% the first gate sta

17. The method of claim 16, wherein the step of epitaxially growing an in situ-doped
compressive stress-inducing monoerystalline material comprises epitaxially growing an
in situ-doped compressive stress-inducing monocrystalline material selected from a group

consisting of SiGe and SiSn.

8. The method of claim 16, wherein the step of epitaxially growing an in situ-doped
compressive stress-inducing monocrystalline material comprises epitaxially growing an

in situ boron-doped compressive stress-inducing monocrystalline material.

9. The method of claim 16, wherein the step of epitaxially growing an in situ-doped
tensile stress-inducing monocrystalline material comprises epitaxially growing an in situ-

doped tensile stress-inducing monoctystaliine material comprising SiC.

20. The method of claim 16, wherein the step of epitaxially growing an in situ-doped
tensile stress-inducing monocrystalline material comprises epitaxially growing an in situ-
doped tensile stress-inducing monocrystatline material that is in situ-doped with a dopant

selected from a group consisting of phosphorous and arsenic.

2t. The method of claim 14, further comprising the step of*

forming first sidewall spacers on the first gate stack and on the second gate stack;
and

anisotropically etching the dielectric layer to form second sidewall spacers on the

first stdewall spacers that are formed on the first gate stack.



