METHODS FOR FABRI CATI NG MOS DEVI CES HAVI NG EPI TAXI ALLY GROWN
STRESS- | NDUCI NG SOURCE AND DRAI N REG ONS FI ELD OF THE | NVENTI ON
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new t echnol ogy generation. Further, as the pitch is scaled to smaller
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respectively, for the 65 nm 45 nm and 32 nmtechnol ogy generations.
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provi de nppipedsant Pbropabei tidts RAhMAEREEVIeEidB 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 stress to the channel.
Stmilarly, the mobility of holes, the majority carrier 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. Howcever, because the thickness of these films decreasces with device pitch, the
stress applied, and thus the performance benefit achieved, also declines with each new
generation.  Further, as the thickness of gate stacks is reduced in advanced devices, the
likelihood of channel contamination by impurity dopants from high energy ion implantation
processes is increased.
[0004] Accordingly, it is desirable to provide methods for fabricating MOS devices

having epitaxially-grown, stress-inducing source and drain vegions. In addition, it is
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havi ng epitaxially-grown, stress-inducing source and drain regions.
In addition, it is desirable to provide nethods for epitaxially
grow ng stress-induced source and drain regions using fewer e
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alleviate the need to use ion inplantation as a neans of doping
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regi on ang,asecond gate stack overlying the second region, etching
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stack in the second region, epi aX|a y growng a ftirst

stress-i r{ﬂoﬁﬁlng\/Ietbdsttscaryspminldeméomﬁ;tbencataig hnschfientiigtet davick secanddin a

recesses, reno first stress-.i ndugin nocrystalline materi al
(o b R Yichg st et Mkl B el T b SR B Sl it e R
stress-i ndu@bRY BAGHS balHel inGntiBt, @ht alethod doRprifdsl BEming @EES8Rte stack
wherei n the second stress-induci ng nonocrystalline material has a
conposi t i WRIUNS FISr e ATY hEecpRd gte §ﬂ9ké§’§‘ 'Y RY (RS WEOHOREED FEEE T Re

mat eri al .¢nd Q@Q@dte ArsiRELBQL, dn8 sBdoaY kdleded @ Iﬁtqrebé%@gs'aﬂgnc@ adb fesz& dygitor
device on and in a sem conduct or substrate having a first region and

a second gakgitash in e Hest sripantd e teponsietchs abgnersl gry telRp sgp ¢ sek

t he invent,i f Lab.gat e
stack hav g FrraraRy A AT BT SRl R Rel Hhlka 7
second gah@Fsﬁac&bhavdmgwgeccﬂﬂocmwémahbsﬁmmemﬁwumgnmhanﬁﬁﬂbnﬁmawﬁﬂ
region, f [ 9 ng.the first sidewalls
of the f If%rfénﬂ@g{hs [e,[%cssi g? énaxéiﬁ Co(;wnn \c!l cec\}llr\léll acgb IélglieCI;I{ Pgexz%c%fﬁ;lgnc

t he SECOI‘I‘dat&lcﬂieiwéiel E“mtafecetsm @E@andh@mcmdsitaeckmdem@nmgommzﬂiiﬁmmmerial
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the firstiogieewrl hetbqRee hiovidaidfot hﬁ)r&@@ﬂg’ld spniessiesodidspesed i trhe
second regi on and aljgned to the second gate stack and .t he second
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stress-i ra@lambingxer&qmﬁ r¥baidchner mRt ﬁi%[ﬁion' NThd enchildaStordidesS BE ARG of
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spacers overlying the first sidewalls of the first gate stack, forming second sidewall spacers

overlying the sccond sidewalls of the second gate stack, etching into the substrate first
recesses and sccond 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 sccond gate stack and the sccond sidewall spacers, epitaxially
growing an in situ-doped compressive stress-inducing monocrystalling material in the first
and second recesses, removing the in situ-doped compressive stress-inducing
monocrystailine material from the first recesses, and epitaxially growing an in situ-doped

tensile stress-inducing monocrystalline material in the first recesses.
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[ 0007] The present invention will hereinafter be described in
conjunction with the follow ng drawi ng figures, wherein Iike numer al s
denote |like el enents, and wherein: [00081 FIGS. 1 - 7 illu at e
schemat i cal?§*19PH7¥r 0ss- secti on, net hods for fabrlcatﬁﬁﬁﬂ§”nwm“9”

sem conduct or device having in situ-doped, epitaxially-grown
stress-induci ng source and drain regions in accordance with an
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the invention or the plication and uses of the invention.
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devi ce type oW ng t ornatlon gat and
NFET regions, a first set of processing steps is used to formthe
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t he second regi on, 5) of a suitably stress-inducing epitaxial
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dlelectrlc ayer irst region ng protection t
appl i ed maﬁUhéb@mﬁ@hem@@ambmncsﬁkmndfﬂhasﬁwmp@nmssTh@ssnemsiaﬁéMuwd

repeat ed f r Y] ce t e s _enbodi nent s, of
thg pr es St qfér?\}}gn I%“}(;aﬁ bateef [e H?ﬁhe mf:%ll df(p Bri cahtC o Iﬁmq '
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drain re ont.r as nvent i naI nmet hod descn

above, Wﬁ?&f’ﬁ&@éeswr b %ﬁ‘%ﬁ%ﬁg@ém%‘t"éﬁ’ & b e QYS NG Hisr e&qgﬁﬁi‘
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devi ces. The recesses of bot h devi ce t{ pes are filled with a first
epi t axi aFeHBnBcPyR siFTrhanaserd onithy saviply ineihptiggioBohptedisoiepis etch to

tensile $heRarckRBME DR ORalikiRSo thyk%te sta'f:f? tn 8P ';crcé%d @Lgioﬂaft)%%xﬁh of a
remains in the source/drain recess of device type I't 1S suit 3
suitably stress-inducing epitaxial material (tcnbi e 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 cmbodiments of the present invention describe methods for fabricating
NMOS and PMOS transistors having epitaxially-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 self-aligned to the gate stacks of both
NMOS and PMOS devices. The recesses of both device types are filled with a first epitaxial
monocrystalline material having ecither compressive or tensile stress-inducing propertics.

The ficst epitaxial material remains in the source/drain recess of the device type it is suited
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for, and is renmoved fromthe other recess and subsequently repl aced

with a second epitaxiat nonoctystalline material having

stress- |ndUC|n 9 ertles opposite those of the first nmaterial

Accor di ngI nd RMOS devi ces nay be fabricated kpﬂ(%mumu»

perfornance enhanci ng stress-induci ng source/drain regions using a
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FIGS. 1 -builaldaﬁ)rb@h@sedeto fabri cate any nunber of such transistors.
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her ei naf teg,,he K&f BriRdatk an RSP BY §lth %@ﬁ:ﬁstm@uﬁfa%&rk%g il h el th@ie

as a silicon substrate. The term"silicon substrate" is used herein

to enconpus¥Of werrlp@rcats|a»yfewyﬂ sugven 899 so¢ hthgranteiept0f drevilyi @an sonyesigniin
t he semi i bl 1.COonag i xe '
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subst r at evatblynobe paochssidetailaf er conpri si ng nonocrystal line silicon or,
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deposite i i e
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deposited silicon oxide, and the ¢xcess silicon oxide is removed by chemical mechanical
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di chlorosilanc (Si H2Cl12) and NH3. The thickness of sidewall spacer
layer 130 is in a range of fromabout 5 nmto about 15 nm [0016] The
nmet hod co J4h the anisotropic etch of sidewall

130 to fo%b?llﬂﬁ@{ sidewal | spacers 132 and 134 on the Psclsfﬁ%%@llbmil

gate stacks 124 and 128, respectivel as illustrated in FIG 2. This
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to FIG %hovﬁgl'ﬂ’\&\:ﬁ 1ﬁ§ctihcd§t@fagc b tHap §iﬁ§0rg-ﬂl§CIaf0% aﬁﬂ'asggittd’ 9@&&)@& oY@
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124 and 128 usilpgrt %@ecqgwpelttgm &EKBC Bag tfnptr @t@r s%t!jéiﬂmnri @p HiceteshnpEmy
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silicon §@|¢hf gicegackos plianppjcotmiitcgmolag sndritwo rlepind iy ead mM@hma@,seﬁ farst
si dewal | er h te a I
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| ayer by .the introduction of addl i onal nFr essi ve st ess-| ndum n
el ement s.1ofH{E8 & EAPBIE LT HENYES ! ?@P“’e‘ﬁé B COY RIS BlnF’(‘k‘%)[e’o? n
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t he et chammplThdgen waywiridalos pradgralie siisenl ﬂﬁrmiCapdilgnkat-@mm;ﬁCé@W%eng the

Fespect | SRR AT RRPALIAD R NACR oD AR GushaRETp 4t AT sty
to about sﬁe&eatagm £30%néxe be anposficdf for ahslnyplcf;dﬂtzapmsmﬁ emlmnedﬁodtenﬂ@i arapnn C
% t bout 1.G..% Ge. | ,

onocrySEIieE (i P Bpcisayape sisge 1S B Fy SayseH o ey g
dopant eliemnpresuieonsn afdh @fppRkes. Dayan JBhapyisaddi dgositk®using low

exanpl e, di borane (B2H6) to epitaxial \%ovwh reactants during i
pressure chemical vapor depo'ﬂtion (LPCVD) with either SiHy and NHi or with



[ 00201 A photoresist mask 164 then is fornmed overlying hard mask
| ayer 160 in PFET region 200, as illustrated in FIG 5. Photoresist
mask 164 is formed using a suitable |ithography process and is_ us
as an et chYHa¥®"%37 t he ani sotropic etch of hard naskqQ%H§mH@HJW
NFET region 180. Due to the anisotropy of this etch, second sidewal |
spacers Xehl@avelzhotBd lgwed NH;nJht ithidincsi deidaivhil spacehger 132 isind range
overlyln%f? ﬁprtlﬁp of flrs stress-induci ng nonocrystalline materi al
| ayer R rabout %VEWlously described with reference to
si dewal | {emerﬂkay@nodl&ﬁaw wieh thsedisoadlc k&h @;@rstcrcarhllegdobmaﬁ/ar MO to
second S|de rs 162 havnggéa desired thlc ness.

%o

t hi cknesd®i @%n%ff%afywa%mﬁsen 1 oPHE SHFYRFes's 8YF br?ékfd b 'a$er
160 or i sedpb@mcaPavtindueni o Faort Tha Bk bk ale pdRlvehed %§h§tfom§zﬁnﬂ@4
then is renoved using a conventional ashing and/or solvent stripping
process. MDURPF 't obRietig R IE) whrgrheniitias baterd e carrictiuoride/onyges
not per QUimes) hianling hiti@NalFERrdsY bbbod entzﬁu({r%rt%wte AR
180, first stress-inducing nonocrystalline materia I ayer
|sotroplGaymyukedﬂve@mﬁnemwﬁFEwdhegmdm1m®®wus®ngﬂbﬂsurﬂab*e3ﬁémﬁoﬁe
dry etch t n r

enbodi nen?élg'?ﬁfgme %On r Cie@gt“ﬁ%ﬁ)udgusr% ﬁ%l"(rie?rélﬁorgccg%c‘rg gcpﬁr%x%{lr%ctqu o Y10
m nut es ifornged,; ahcam:lﬁndl fitseamewdll' sifaSeis | )32samkdutlido honfesirast ﬂhg:kaesmorilikmm
hydr oxi d dr ogen roxi de t H4CH/H202/H

erboat menbickie o G et PR IGH ot Gror e R s g
C or hi ghgicer Haedl Jmask tﬁeamehddu@gpmaﬁbleeﬁcstet:kheio:gyrguﬁémtm&hatruc%ﬁoo is
region 200 including |ayer 150 durlnq this etch. Oqﬁﬁ% A second
stress-i nefiteig f?foﬁb‘c‘h‘?%‘f snbqdiaents B e 4bgyteh o pod elowh 4 anahthsi Prsgon
and havi ngn&NFideedd RS- nduci ng properties suited to an NFET

device is selectively epitaxiatty grown in source and drain recesses
142 in N7} edictniring®, Flgs 3 fonigs epd e ropessys@a2are piisadieaicalibeiaicdante,
epi t axi alygronb ;9. | oAt 1B 1D REI D QTR G cik A hedS
describeélpfe@%gf F 0@¥ﬁﬁl t?erenégﬁ'f%lggsggs%fessﬁ?% u0|H3ﬂB&£% m
nnnociysbamk&ﬂefhawehmaﬂaMdeﬂ315®ie%@ep&hmmwmiHénbmﬁhgemhnmethhww
react ant Sofflr:s v%@(%aeé s ?3& g&s §4 o%wwqgt %cpc% eﬁo% nl}ld ﬁlut?n I gcssscs
for exanpl e carb on 3 oF “& conb 10K "of Téh re $$5 MG ucing
eIenentsIHSCaddedxmﬂtWhE1e@mmaxﬂmmuﬂ&@@hﬂﬂbgm&tamﬁm(HB@zmbehebyn$myns
as a nnnoctéstalllne enbedded si licon carbon

oo oo R ' OF SR E R e A i M E heetsd gy

form eSi .depthypiieal dbyut smqinu@elb&xtm,nmﬁmyzbfesabtﬁme dePihZ¥-bdhvepn £ about
derivatives of these chem cal ecies to provide a carbon source, The
typi cal efdiaM aRpHs 83 ngy gepCE™ A a3 the fcHrdoRt ip soytrolicq oMyt iap at least

enbodi ”E@Bmutsl%clqﬂ@f%hﬁ &80 &9&%0@%&9&9%&%&@3{& bﬁ?ecgagemaéndl lex@;&myo
i ncl udes up to about atom Cc % C and preferably includes from about
1% to abéuﬁlﬂM)C Because of the presence of patterned hard nmask
| ayer e S I
ont y. i AfBLC IRRERIE P RICRE | Bl RRRE" HRAE s BNEH S50
further e&mnphw;yﬁemhﬁdunanmxmﬂpgpmwndsmsathmahmnﬁemvexaﬁbb%hﬁmNﬁﬁﬁe
(AsH3) andj/ hos d
ot b EPFRy a3 88 AR S o e RS R R P EA S &l ©
(As) and/t@mhpdsmaapﬁ’a@crscw shat @qwtﬂi es pectiliveal gtsrfaa'cb sutls® bt sdwhllapicensilbe
stress-inducing source an n material c i sing p pant
i s especi® ‘1!II gpé?‘?é‘?“rrﬁﬁﬁ @HH&%&?W&& $Y8no W&%gdw%éicpﬁ[ dé‘i § PR
Accor di n%lldi(/cnt%@' T h@'ﬂwﬂ@Qes@-ﬁzQMbﬂQ%10‘16&?&&1311@-&@&9@1@%@5150V:@n be grown, for
stress-induci ng sourc
example, by the r{,ductlon of SiHy or SiH,Cl; i the presence of hydrochloric acid (HCI)
added as an etchaat to coatrol growth selectivity. Layer [50 is formed as a compressive
stress-inducing layer by the introduction of additional compressive stress-inducing elements.

These elements include, for example, germanium (Ge) or tin (Sn), which are thereby
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and drain regions for NFET and PFET devices, respectively. A
conpressive stress-inducing |layer suitable to a PEET device is

epi taxi al | grQnn L) in the source and drain regions of both PEET an
NFET deV|8%g S subsequently replaced in the NFEfTH@@FE&mﬂfPh a
sui tabl e tenS|Ie stress-inducing |ayer. By using the sequence

descri bedn@bavesd compreeggitalBnstattes e fomd umbﬂtj;{cdmiiiemi/gjrsmis'umﬁc&isﬁc) or

eSi : Ge ar de 0 efore te S|Ie S n mat eri al s. such
as cS RaetS e S bt AR RSN o PR PR R e ey
retaint h:el Ge ot @& -Yenidriaddnigy @h@l&éthb@&tuiﬂl@ﬁbtlﬁhlhbbl@&@étﬁdletsﬁlicﬁhﬂp&eqmelmt

el evated tenperature processing, Ssu 428 dep Sltl n of hard ma

| ayer 16@n3 EOMPAF &4 e e ey addedion gl B RIS ey Q%Md
eSi 1 C t hag af3Nd chRpreli@XstidQA8cheiHeR s@@mﬁlatzsmﬁie 1Fidg gms@mc;@,ylzgrdﬁwmg
t he conpressive stress-inducing |ayer in both T and

sour ce/ drgiPpctivelyi dmanadhpr epmgodiments Hise Sl faskrial i“ﬁﬁ‘éﬁ‘éé@@ aktOﬁbSOa%t@taon
epi taxi alggy JefeIa%I JndnstRont BSut 86 Qtlm Sb ae&m@a@ﬂm @I &0 mef@rngd

to as process toading, is substantially increased. This factor may be
benefi ci akemwaw@nbedum@gt @mgwsstéhwmﬁnﬂﬂ&hiwwﬂﬂ @Mn@séde@@du\Sél 4 héype

wt h I I
o "pr oceabFyf SRk S B P Ehu8 ST g hE P «Bhrgt RS °
| arger r @gltms g,m&znhl |r®\zuantg daumgafogaatldm I Trine tubé efknels s cranprb&:xwe L\.U%G-Ilmglcmg
L I t h di in. filmthi
i moonsi soent ae ey Sk Citpi R W4 PP et e DT e R P oo
However , pakbineintder «Alf®Tadedizecr i bed enmbodi nents provide for the
formation of a conpre55|:§éstress i nduci ng qaterlal follome y the

f or mat i of0YP! a Negh it mskdysr I feRMmigingdids peyic mpipel SEcheiss fg‘édcﬁrtpé%ce

i s al so gopbeeR|AkRd oh%Fc%rﬁbly |sﬂ|c$nh'nﬁud{cegta5ignl<c¥ h&obieRSdkBying regions 180
stress-induci ng materi al é,ie epltaX|aI grown first as may be
e

desired 8¢ 2paresleding gt eticke [pprd dat, Ifémts%p&%ms é#2 ﬁwbdé‘ésqnﬁgﬁm stress-

inducing monocrystalline material layer 150. Hard mask layer 160 may be deposited in a
manner previously described with reference to sidewall spacer layer 130 to a thickness in a
range of from about 5 nm to about 15 nm. In one embodiment, hard mask layer 160 is
deposited as a compressively stressed layer. Hard mask layer 160 can be deposited as a
compressively stressed layer by adjusting the deposition reactants and deposition conditions
in known manner.

[0020] A phototesist mask 164 then is formed overlying hard mask layer 160 in PFET
region 200, as illustrated in FIG. 5. Photoresist mask 164 is formed using a suitable
lithography process and is used as an etch mask for the anisotropic etch of hard mask layer
160 in NFET region 180. Duec to the anisotropy of this etch, second sidewall spacers 162
are formed overlying first sidewall spacers 132 and overlying a portion of first stress-
inducing monocrystalline material layer 150. An etch process previously described with
reference to sidewall spacer layer 130 may be uscd, and is controlled to form sccond
sidewall spacers 162 having a desired thickness. This thickness is generally about 80 % of
the thickness of hard mask layer 160 or is from about 4 nm to about 12 nm thick.
Photoresist mask 164 then is removed using a conventional ashing and/or solvent stripping
process.

[0021] Next, because a compressive stress-inducing film is not performance enhancing to

an NFET device to be formed in region 180, first stress-inducing monocrystalline material
7



[ 00241 Accordingly, nethods have been provided for the fabrication of
PFET and NFET devices having epitaxially-fornmed, stress-inducing
source and drain regions. A first nonocrystattine material

ei t her cor‘?ﬁ?é@é’l"%’or tensile stress-inducing propert |EéCsT”l'S§my)2w%
epitaxially grown in both PFET and NFET source/drain regions. The

first matleydrdbo iseissiapscalln rdnbvecd Gumcel Y mgmno!fSOommgdieumt@Esc tweper iPREN
or NFET) suited t |ts st nduci n rties,

oubsequertiys apt Bkttt ffeS othas ae B R B AP E i seay pindse
havi ng lopm&tbstx@h%rr agmhgqui ng pirmpsr In:j esstaaidaatican #f (@pkhaxdidion
material in both PFET, an FE i ces during the sane growth process
i ncr ease<OPPHEEE §mm9&aiﬂh@yi§%§% ﬂé%f QBN RN é%‘& ar*ww@ﬂ@m@éﬁf@)m Ing¢
the epit axb@br LGS, thd (Afiahir®BF tntqh-,%n@b@q@&&d&efqu%sﬁssﬂﬁsm&;md
herein require fewer |ithography and etch steps than required

convent i divd meslobees k9 protett te sirteres BifFdxicaipn gOYmsldingdiyse éé%fhveng
and tensiye.gfress-inducing source/drain regions may be in situ

i mpur i ty oped, thus elimnating an inpurity inplantation process.
Accor di ndD@ZZJf dortoat |>bcbsomdugra‘gemmoawslfihamnatﬂjnFMynmé?O ganerisingsylieanor

d el | ' L&
and el ect, o ?h dV{ﬂ%%/ hsilel &C&Ib Q’nﬁlq% rcﬁ)g}f%p %S%dg%ngrrl %I%]@fqldg‘%¥% ﬁ%e é%ibcﬁwcly

enabl ed w ou e 8k cont ani nati on
dopant s. «p0824ly Wbivhenabuteast damercexsnpldary NifJodgventsOhasillbeeted in

presented. jn.the foregojng detai.led descripti of the nvention
oot pdibnar J ohd BEOR At SSUakL SraReT bR 2 n e G o ritdr
shoul d alfmnbe a8 pPSEGERHaGHuKAL witih e fexeRnptoa Fiyst arbadhdR by mbn@mmmhzary
9 enbodinents are gnly exanples, and arc ngt intended to limt the
scope, apptiFebves {3p, exeqpt %mq ARt 5CBRtSt B pRelAt g GRsilcrtEstyindusipe

Rat her,  tdigndnors8aPLy Frof@kah)IdoIRHC APk ANcoMilihatidh QM dRsifchasg-indicliged
inthe art wwth a convenient road map for inplenenting an exenplary

embodi merftengmis ik @ddodie tici epHaxisliredstintyg Lapierel7Sttorsebnt feamns v Mot edfiges
o UL B P ST Bl Tl i
i nvent i ondepssitgmt gfsoy vedi i fohe cappemydiedciraluds Saild méthylr silaagdbizHs ), or
equi val encFe%Vatives of these chemical species to provide a carbon source. The typical etchant gases
are HCl and/or chlorine (Cly). In another embodiment, second stress-inducing
monocrystalline material layer 170 inctudes up to about 3 atomic % C and preferably
includes from about 1% to about 2% C. Because of the presence of patterned hard mask
layer 160, the second stress-inducing monocrystalline layer grows only in the source and
drain regions of the NMOS transistor. In a further exemplary embodiment, compounds such
as, for example, arsine (AsH;) and/or phosphine (PH;) are added to the epitaxial reactants to
in situ dope layer 170 with N-type 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 is 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, tespectively. A compressive stress-inducing
layer suitable to a PFET device is epitaxially grown in the source and drain regions of both
PFET and NFET devices, and is subsequentty replaced in the NFET device with a suitable
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



What is clainmed is: |I.A nethod of fabricating a sem conductor device
on and in a seniconductor substrate having a first region and a

second regjon, met hod conprising the steps of: for ISt
gate stac w%@%WW??ﬂg the first region and a second gafgkgggﬁw@mﬁﬁ

overlying the second region; etching into the substrate first
recessesdamﬂi@eémnmcomp&&ﬁﬁsgm$héﬁﬁﬁn§hmﬂﬁ@bSQQQtHﬂmgmedmnnﬂbéaﬁmafo
t he first(%ale st ack E 1@ g b i g the s cond rece es

al i gned AtTUFEASTOPFGY HECLBEHT S%t"‘é*’ “&8"15 i ef‘ﬁ%“%eé %‘ﬁcﬁ"%@*‘“&h*’“c as
epi t ﬁx [ ?Hbi)bbgfbﬁ)\gif rmgadamﬁdsicr [Byersito0es@npIRauo] (DGIEBNGS liydikak| maeinietiaal
in the first an econd recesses; the first

stress-i fateih teﬁ@ﬁbf@ wf@w supfecqpditions- af“‘ﬁ%?ﬁmg%érv‘% theopgpeadcediessy ng

epi t axi alijdicitll VPG BoHERPRY a3l MBS LARMEINE BRRRCHIahé shBe RBkAL] al
in the first recesses, wherein the second stress-inducing

monocr ys PEICEISnEe et |eﬁlta%§%‘(ﬁﬁfé}dﬁ‘ﬁ6§q o] thh togh pRistralg Iy 6‘?@ fehered; tp 9
stress-i {bﬂdégst Sult DQQ rb},ﬂ%tﬂl'tl!ﬂ'lﬁ%{:%ﬁ&ir | @his fador HB§ BSAOELIAT in GoRic Mg

wherein epitaxially gromng a first Stress-
consistency in film thickness because the growth rate of epitaxial materials in small regions,

or at low levels of process loading, is often less 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. In 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 regioms. A first
monocrystalline material having either compressive or tensile stress-inducing properties 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
propertics, and is subsequently replaced in the other device type by a second material having
opposite stress-inducing properties. Formation of cpitaxial material in both PFET and
NFET devices during the same growth process increases process loading and thereby
enhances growth rate control of the epitaxial process. In addition, the process scquences
described herein require fewer lithography and etch steps than required by conventional
processes.  Furthermore, epitaxially-grown compressive and tensile stress-inducing
source/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 cnabled without the risk of
channel contamination by implanted dopants.

[0025] While at least one cxemplary cmbodiment has been presented i the forcgoing
detailed description of the invention, it should be appreciated that a vast number of

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



i nduci ng nonocrystalline material conprises epitaxially growing a
conpressi ve stress-induci ng nonocrystalline material. 3. The method
of claim jn the step of epitaxially growng a ¢ Lye
stress-i nﬁ&%%lgﬁ’%ﬂ%ocryst alline material conprises epiF'E a éﬁ?@h\é%
growi ng a conpressive stress-induci ng nonocrystalline materi al

sel ect ed dmborinangrwa pniyonginglts, ngd efc it Ggcaled tSiliSnk. the 4copThepphredbiicy, of
claim3, wherein t step.of .epitaxially growing a c ressive. )
stress-! fanme i eians YE PR FBh L Rahe R bR ol “EPREE Wi ronay
epi t axi alpryvidy thwkengilkddo eragssitivecatveess rodadugi fog inplaacttingtealckém@ary
material ¢ rising a .Ge concentration of from about 20 atomc, %to
About | 50 CHUGHMESTbHI S NP BREE UEACTIPSR ity AN G E B (Y RerrEdedt he
epi t axi alflyctigh QWi NGraagSRGO Y SdulcBBSddshielisal iﬂga.n”mgﬂa\f?teﬂiﬂoﬁﬁﬂ:nmmbﬁtm
conprises epitaxially growing a tensile stress-induclng. ,
nmonocr ystd§P4ripe pRtted scape of the inyeikiopas prddorgy ‘ﬂdﬁlea?P&F’Hi,ed\R}%éfP%i‘W theielegilep
of epitaxhalhy@row ng a tensile stress-inducing nonocrystalline
material conprises epitaxially growing a tensile stress-inducing
nonocrystalline material conprising SiC. 7. The nethod of claim®6,
wherein the step of epitaxially growing a tensile stress-inducing
nonocrystalline material conprising SiC conprises epitaxially grow ng
a tensile stress-induci ng nonocrystalline material conprising a C
concentration of fromabout 1 atomc %to about 2 atomc %

10



8. The method of claiml1l, wherein the step of epitaxially growing a
first stress-inducing nonocrystalline material conprises epitaxially
growng a first in situ-doped stress-induci ng nonocrystalline
material. 9. The nethod of claim8, wherein the step of growing a
first in situ-doped stress-inducing nonocrystalline materi al
conprises growng a first in situ-doped stress-inducing

NDONOCrys %ktn%umeéerlal conprising a P-type dopant. 10. The method
of claim whet ern ' he step of growing a first in situ-doped

stress- |ndUC|ng nnnocrystalllne mat eri al conprlses growing a first in

Si t u- doped stress nonocrystal|in terial conprising . an
N-type dopant A hPReOL%n{QgH%‘“Sfa é%rascml “3‘3 Vier Py pid &t @segyiconductor

epi t axi alsx!lﬁéugt'é(?t\éhﬂga@hs‘i%‘g{?@]ﬂalﬁtﬁs‘%i@&ld lb@@lmh@ﬂem@@&ﬁy@@g thé a@ps of:
material conprises epitaxially grow ng a second in situ doped

stress-i nduci fgmingnadiyisgait Istagle avarleng ghe first pgiomirad reestvond aptecstagkm
11, mhergbaeﬁﬂ§m§5§8n@ oW ng a second in situ-doped

stress-indu nonocr arline materi al conprises grow ng a second
i n situ-dopedetshingdstol Mduabsmgterrﬁnocercys%alahd Recondtreresak, he st mcfsgesan

N-type dopant met hod m1l erein the ste
etching P St el Lt e ek i e Hedlsdiomans Qe sy etesaegianed a

conpri sega@lits merkgcdnatgatetslf@kwbrsfsé@h@1éghdr5t recesses and second
recesses having a depth in a range of from about 50 nn1to about 65
nm epitaxially growing a first stress-inducing monocrystalline material in the first and
second recesses;
removing the first stress-inducing monocrystalline material from the first
recesses; and
epitaxially growing a second stress-inducing monocrystalline 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 %.

Il




14. The method of claim1, further conprising the step of depositing
a dielectric layer overlying the first and second regions follow ng
the step of epitaxially growing a first stress-inducing
nonocrystalline material. 15. The nethod of claim 14, wherein the
step of depositing a dielectric |ayer conprises depositing a
conpressi vel y- stressed dielectric | ayer. 16 A met hod of fabricating

a Sem CO@dUCt ?{l d Of CE] 1 WheI'EI ﬁle 5‘85 SUI%%}”{ Al eecgf'la‘ Stle%s-
flrst regi on and' & s econd T egi o t n@ﬂh rgs né;%ﬁ

of " f or mduging rfidnb&tystglﬂilhe rr&teazekcdnmﬁsmgcpﬁtammy gnode\@l iess@vsa'eésymm:rtgm
first forn1n% econd gate stack having second sidewal Is

overlylng“Pﬁgyg@QBﬁ gae8gi on; forming first sidewall spacers adjacent
the first sidewalls of the first gate stack; form ng second sidewal |

spacers adj acent the second sidewal | s of the second gate stack;
6. The method of claim 5, wherein the step of epitaxially growing a tensile stress-

inducing monocrystalline material comprises epitaxially growing a tensile stress-inducing

monocrystalline material comprising SiC.

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

about 1 atomic % to about 2 atomic %.

8. The method of claim 1, 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

monocrystailine material comprising a P-type dopant.

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

monocrystalline material comprising an N-type dopant.

11, 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.



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 sidewal | spacers; epitaxially growing an in

si tu-doped conpressive stress-inducing nmonocrystalline material in

the firstandrpecanfly GCASNPST wharein HEMAY f1%bAf 1 <3kt AR opeq

conpresslve stress I'nduci ng nonocrysta r rom-t
r ecesses strasdnducing moeqiryseatinad lrr;atgrabwomynsm gmwmgt a- gdoped it eiisidbped
stress-induci.n fronocry sta irst recesses. 17.

The met h§Ss¢" ’F‘&fgﬁﬁ“’f@ QPS tet“rfiljeccs"t‘%ﬁ “é”fa“g\g )ﬁ’g)‘i‘f’%&\ fy growing an in

si tu-doped conpressive stress-inducing monocrystalline material
conpri ses epltaX|aII% romng an in situ- dgfed conpressive
stress-i hdluci Aoe WetHe Pgsl@aﬂmmel%ﬂ@rst%ofs hBigtiglg the aRsteatyfighiscesses

consi sti ggy Qbcont %&%E‘Q ‘%nﬁglses Je§chm ﬁn ﬁ@ggvsﬂgtechﬁi MctGes WHGT £LSK e

step of epitaxially grow an in ope conpressive

stress-i r@u&senlgivn@wiﬁpysmalihngwfrfmreahoat Seompr atmestepint axi al |y
growing an in situ boron-doped conpressive stress-inducing
nmonocrystalline material. 19. The nethod of claim 16, wherein the

step of epitaxh@hkiho@bOWRIAQ ! A0rthdd o%hipﬁsﬂfﬂﬂﬁ%@tdp&ﬂﬂbﬂcﬁltﬁl@raQﬁ(Sedtlnrﬂlaﬁjb:ng
nonocrystal line material conprises epitaxially growing an in
situ- dop@?ﬂei{yé‘?fgthPéh%‘tEi"@sss?“?rl’i’dfiﬁ’éloﬁﬁ fw&%%% {het 46 ?%@“ﬁﬁ%&‘ gEgwing a first

COnpri si B@essl; rﬁucmg monocrystalline material.

15. The method of claim [4, wherein the step of depositing a dielectric layer

comprises depositing a compressively-stressed dielectric layer.

16. 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




20. The nethod of claim 16, wherein the step of epitaxially grow ng
an in situ-doped tensile stress-inducing nonocrystalline materi al
conprises epitaxially growing an in situ-doped tensile
stress-induci ng nonocrystalline material that is in situ-doped with a
dopant selected froma group consisting of phosphorous and arsenic.
21. The nethod of claim 14, further conprising the step of: formng

first sideval épigpRiergovingt Ae ihi §ifkdgel eemdiRCirafthdading heorrerRdigat e
stack; and . . anisotropically etching the dielectric layer to form
second si@kiigl in g liisiereessis- the first sidewal |l spacers that are formed
on the first gate stack. 22. A sem conductor device fabricated by the

nmet hod according to clains 1 to 21.
17.  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-doped compressive stress-inducing monocrystalline material selected from a group

consisting of SiGe and SiSn.

18.  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.

19.  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 monocrystalline 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 monocrystalline material that is in situ-doped with a dopant

selected from a group consisting of phosphorous and arsenic.

21.  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 dielectiic layer to form second sidewall spacers on the

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

22. A semiconductor device fabricated by the method according to claims 1 to 21.
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