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 [ 0001] The
present iwoentwmss7sgenerally relates to nmethods for fabripCattiseg0/021999

sem conductor devices, and nore particularly relates to nethods for
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i npl emented by using a plurality of interconnected field effect transistors

(FETs), also called netal oxide sem conductor field effect transistors

(MOSFETs or MOS transistors). Ffﬁﬁg:(gﬁﬁ]aeﬁﬁglrk%f ornmed usi ng both

P- channel and N-channel FETs in cas is referred to as a
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and conpressive stress liner filns have been incorporated as channel
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eneration. Further, as the thjckness of gate stacks is reduced in advanced
g evi ces . aT§ H?éiucecl for each new technofogy generat?on.gFurther, as the pitch is scaled to smaller

dimensions, the thickness of gate insulators and electrodes used in the gate stacks of these
devices is also 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 electrons, the majority carrier in an N-channel MOS
(NMOS) transistor can be increased by applying a tensile longitudinal stress to the channel.
Similarly, 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. However, because the thickness of these films decreases 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 regions. In addition, it is
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| i kel i hood of channel contam nation by inpurity dopants from hi gh energy
ion inplantation processes is increased. [0004] Accordingly, it is

desi r abl ewbaopvesyisde net hods for fabricating MOS devi ce®ChawR019/021999

epi taxial |l y-grown, stress-inducing source and drain regions. In addition,
it isdesjrahle to provide t hods for epi.taxjall. row ng stress-induced
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i npl antation as a neans of doping source and drain regions. Furthernore,
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| NVENTI ON .[ 0005] Met hods are provided for fabricating a. sem conductor

devi ce d%#alaﬁdta%éﬁn 0 sHRGion Uity thesinsemparydn g SiAViRE G thiy backgioynd o dhay
second r;gQi @3, | N accordance with an exenplary enbodi ment of the invention,
one nethod conprises formng a first gate stack overlying the first region
and a second gate stack overlying the second region, etching into the

substrate first recesses a t i recesses aligned at
least to the first gate st%igﬁwyﬁ§§§?@&ﬁg§/é%wwhe second recesses
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grow ng a first stress-inducing nonocrystalline material in the first and
second rsemesondsctor subsiritadiaving o firss reggerr ayba iseadudiregoro hio eegosdanict iwith an

material fromthe first recesses..and epitaxially.grewng a cond
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fromthe first stress-inducing nonocrystalline nmaterial. [0006] A nethod is

pr ovi dedht sebsiratsriiretaicrengesaanglesspesigerstess theciscisconcsatinp ableaw i emidistt or
Suset o g OUANE R A Bl s 20000, SSCROSULRTEN 1, POSRNCR, Wi
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material in the first recesses, wherein the second stress-inducing monocrystalline material
has a composition different from the first stress-inducing monocrystalline material.
[0006] A method is provided for fabricating a semiconductor device on and in a
semiconductor substrate having a first region and a second region in accordance with
another exemplary embodiment of the invention. The method comprises 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 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
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 epitaxially growing an in situ-doped

tensile stress-inducing monocrystalline material in the first recesses.
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overlying the second sidewalls of the second gate stack, etching into the
substrate first recesses and second recesses, the first recesses di sposed
in the fiwetoregsmn and aligned to the first gate stackpramastoie/nipst

si dewal | spacers, and the second recesses di sposed in the second regi on and
aligned to the second gate stack and the second sidewal |l spacers,
epitaxially growing an in situ-doped conpressive stress-induci ng
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a first set of processing steps is used to formthe source and drain of one
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5) growtsat of pracessing steps typically includes: 1) deposition of a blanket dielectric layer in both ’
NFET and PFET regions, 2) lithographic formation of a soft mask overlying the first (PFET
or NFET) region, 3) an anisotropic etch 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 to 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 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 either compressive or tensile stress-inducing properties.

The first epitaxial material remains in the source/drain recess of the device type it is suited
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suitably stress-inducing epitaxial material (tensile for NFET or
conpressive for PFET) in the source/drain recesses of the second region,
and 6) reawowalo/ss7sthe dielectric layer in the first regiPOmUSMADIORIYYI
protection then is applied to the conpl eted device, and these processing

steps arge repeated for. the other device e. [001 The vario o
oo miibenhes toevf Lebnfic RIS e ShiioebiRBe hotRbted b SsiiCen g avos
and PMOSnéhcbyst8 Skl Nghveill tsarxdsahivcit PrbherSds’ BFSositd diheid @f ST et and
drain regions. In contrast to the conventional nethod described above,

t hese meEndedd. jdeeordesls MRS anéPMPS deyicesonen bernfahigried harag dedprminsgesses
self-ali 10 . S f . . devi.ces. cesses
of ot h Aaorib? olaSaRBldhg MGty oS WPe AR bk Syt IS

mat er i alSutavi pepcesd befuct@Tgaisd Yevar lithegaphe aad reeds sicpsl wdich geopipapel td es.
The first epitaxial material remains in the source/drain recess of the

devi ce taJfSEAfiVe PEOCEtES o Y #cordgper Wi oghas wapofisRts the Wuksrandetiaiadeginps

subsequept{ ¥ fnERhaRBdd Wit t’ﬂhe%?ﬁ%ﬂgl %gtsvpf_gﬁot ss%ﬁlopwﬁté@p% ;@@rggpgﬁﬁ

havi ng stress-inducrng properties op ose of t

Accor di mgitghle vidBcladehi®MOS devi ces nmay be fabricated having
perfor n | ng stress-induci ng. source/drain regions using a.

Tl 1 A oEREL T B dalisse SSTRRicR Moy Botos suiitan R I dor daTFisget

l'i t hogr aghycoaagctst @bvisd aDs MRaR PHIRALAE NIICY HehriablsVRitRI PHESEREgrdwh
accordance with other enbodinents, the source and drain regions may be in

si t u- dopegssdindigigs t bairepi arelx i drhing regiphs, piiocaeserdanech Withr vaHeuppexemplary t y
dopants suyitabhle for. each devige.., [.00 CFLGS. 1 -.7 illust

schonat iRty O neS BV G o e PR ibieliT P ool 5 sER BB vt rssevi ce
100 havipgOBMasfd NS ritt @nsivel B¢ spphbdifte@ at @rd @bthydQdpidied i BIES. iinduci ng
source and drain regions, in accordance with various exenplary enbodi nents

of the i'heasna wad tawbrigate yay pEBPFICRtSueh Tasijienst \ereubstcpne tvIBnakguEhe
PMXS tr 2;#%\'46?@@%&& Yrd b fowh agttsh! P e%@{e@?bﬁﬁr%git Rny! &%VEH%LJ}BPS
. - er "or suc

depicted in can be used to’ tabricate any n
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begins by providing a semiconductor substrate 110. The semiconductor substrate can be
silicon, germanium, a III-V material such as gallium arsenide, or another semiconductor
material. Semiconductor substrate 110 will hereinafter be referred to for convenience, but
without limitation, as a silicon substrate. The term "silicon substrate" is used herein to
encompass the relatively pure silicon materials typically used in the semiconductor industry
as well as silicon admixed with other elements such as germanium, carbon, and the like.
The silicon substrate may be a bulk wafer comprising monocrystalline silicon or, as shown
in FIG. 1, may be a thin layer 106 of monocrystalline silicon on an insulating layer 104
(commonly know as silicon-on-insulator, or SOI) that, in turn, is supported by a 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 100 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

etched into thin silicon layer 106, the trenches are filled with a dielectric material such as a

deposited silicon oxide, and the excess silicon oxide is removed by chemical mechanical
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begi ns by providing a sem conductor substrate 110. The sem conduct or

substrate can be silicon, germanium a Il1l-V material such as gallium
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for the fabrication of PFET and NFET transiStors respectively. [0014] Gate
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number greater than Zero, silicon nitride, n oxynitri
di el ect rdach gatestaghtis also apphcatlon/technology generation dependent and may comprise, for

example, impurity-doped polycrystalline silicon. The gate electrode may also be of a
composite type having a layer of polycrystalline silicon overlying a metal-comprising layer
such as, for example, titanium nitride (TiN), tantalum nitride (TaN), tungsten nitride (WN),
or the like, as is well known in the art. Each of gate stacks 124 and 128 also typically
includes a capping layer overlying the gate electrode comprising, for example, silicon
nitride, SiOy, or silicon oxynitride or other suitable material to protect the gate electrode
during subsequent processing steps.

[0015] Next, a sidewall spacer layer 130 comprising a dielectric material such as, for
example, silicon oxynitride or preferably silicon nitride, is blanket-deposited overlying the
surface of device 100 including regions 180 and 200 and gate stacks 124 and 128. Sidewall
spacer layer 130 may be deposited, for example, by a plasma enhanced chemical vapor
deposition (PECVD) process using silane (SiHs) and either ammonia (NH3) or nitrogen (N»)
in the presence of an argon (Ar) plasma. Layer 130 may also be deposited using low

pressure chemical vapor deposition (LPCVD) with either SiHs and NHi;, or with



(high-k) material such as, for exanple, hafniumdioxide (HHO), or a
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silicon |ayer ereon source an rain recesses are to be subsequently
142 can be etched by, for example, RIE using a hydrogen bromide (HBr) and O, chemistry.

According to one exemplary embodiment, source and drain recesses 142 are etched to a
depth of from about 50 nm to about 90 nm, and preferably to a depth of between from about
50 nm to about 65 nm deep. Preferably, the etch depth is controlled to maintain at least
about 10 nm of thin silicon layer 106 between the bottom of recesses 142 and insulating
layer 104.

[0018] Referring to FIG. 4, a first stress-inducing monocrystalline material layer 150
comprising silicon (Si) is epitaxially grown in source and drain recesses 142 of both NFET
and PFET regions 180 and 200, respectively. The epitaxial process is performed selectively
to silicon 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 SiH4 or SiH,Cl; in the presence of hydrochloric acid (HCI)
added as an etchant to control growth selectivity. Layer 150 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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formed, and to formfirst sidewall spacers 132 and 134 to the desired

t hi ckness. The thickness of first sidewall spacers 132 and 134 will depend
upon t he wbi2elomsss7of sidewal | spacer |ayer 130 and t hePChitsSaaiem21999
application and technol ogy generation that device 100 is fabricated for,
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I ecessessilida/tar @sashﬁraryé@pfe@pécluye@t aheférdby,ahé Ribeddddi oRipreRURIstrbr is
proxi mate and sel f-aligned g&te stacks 124 and 128 usi ng t hese gate

st acks & Gj thatt mgy de nﬁedsb‘aé gh fcRmeaHdreIactipg ket werinils E ICOMMPRESOrth| s

h,
ot B AAASS BLel] L3 SLABILCSRRBRIAUAAR AL KRRy e LR QURIN
usi ng a tbwugplggecorrossiviestichiBio) chanatLOR5 4 iedril 58 tiyderlfipogatd sacksol 2drdersnmpl ary

enmbodi nent , sour ce and drain recesses 142 are etched to a deaéh of from
about 50CHIFFEYabBLANTST SRMbodiment the eSidpy patesiahingiidehuryto ghop %ﬁwf%rﬁ about

50 nm t%@%ﬁ@ré‘éraﬂ Qe 8 gs&téovatoﬁl &85 G o&l%tiﬁoﬂm% GOl d

mai nt ai n at ast a out 10 nmo hin silicon [ayer 6 between the bottom
of recessesplip camhddimestyinainonystalpermdt&dal 1460180 1sRefpamty -dapetlovif GP-tipe a

(1) i & BBFRATRTT g Dwdth Sr QB0 LRORAR B AAnEcBE SEUEP LS OBRIBIRRARET and

PFET 1 edipnBgiall@@wa fbad@fts dhﬁﬁg%&’eﬂav@hy Thd e Sipdufcﬁé' c‘%hlpl?ésgﬁf@%ﬁedssm@&‘iﬁg)r med
sel ectlvely to silicon surfaces so that growth on non-silicon surfaces such

as fi rstsogicdeand| draigpagierisl a@pbined with4a Peipipe tbpangas espskely rebdeactmp o ne | ayer
overlyin ate s and 128 is prevented. The first stress-inducing
St BT Gy

nonocry %a%?er 150 can be grown, for exanple, by the

reducti qoopf] SNEktOs h@idHR4dkAaydr 16D @ombeISiaR aeliflbctily eiags il 9fidhCasafdr Exfrhible)
added as an etchant to control grom h selectivity. Layer 150 is forned as a

conpr essi@nsyxyasgde g peafergbly ayyleqonpyitridse i blenksindepesiiad ovedyag tregipry 180
conpr essj, \’192(9;05 {n%ﬁﬁ%ﬂgzgéig s)@a%k§'192%&15128T*}ﬁ§te%)y£&§91%5ad “fizydﬁ[ﬂ F@f] X3l e,

ger mani um ( whi'ch are therebyincorporated’in

cryst al lindwidgatdone@yitallihe mmtaib édded58.i [Hacd ndagle rlay&n il GG)nn(@Sbe dappsiogd in a
silicon/tin (eSi; Sn ayers, respectively, Preferably, the enhedded.
conpr essmwegplfeé&&'éiy 4e§cré§dvz3éhf eGP StievadrSRaceT eél%‘? ha trgssaing e

reacti on, et WeaRBm! ffubis! i Qﬁ aBO&CH AR 511@5‘1% %Bém%ng%%rc{ fabk Jayeti b iH1C

gas added as the etchant. ese materials may be use
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 photoresist 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. Due 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 used, and is controlled to form second
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



to apply a conpressive stress to channels 154 and 158 underlying gate
stacks 124 and 128, respectively. In another enbodinent, the eSi: Ge

mat eri al wochuwdss7sap to about 50 atom c % Ge, and pr ef epablus2cone@dns from
about 20 atomic %to about 30 atomc % CGe. In a further exenplary

enbodi nent nocrystalline materia er.150 is.inpurity-doped . with a
Bty pe dupsireTar bRt AR iR N Riohy the il il RRE alpch
exanmpl e,prééRQranpustBidoh HIG. 6PiTh dKk akerdplamf SmbRB&EAN s Ei¢h ipAgkebPmaRdEON.
The use of such a conpressive stress-induci ng source and drain materi al

conbi nedMpErHoR for t speoxdmateht 1i0s negpesiigl py” waclwsns#t'o (Phel) pedlpdethance
of a PF Vjce . -l a b

G o1 ect ot CmmORha mie I SRARTRRSGALURE W3 RAPILELAIR0) 10 )
si | i con dnbthct d@bodisncht, ank empdepasidfehissukitiby i glet£od ansbolBdS&0dorZiliQher.

i ncl udi n gate stacks 124 and 128, first _spacers 132 agéjiﬁé 4, and first

stressi ik 1156 d PY HEoieqts H stuerssdn PE&giceipg 300 ipgt of Ay@AuriRD ay

be deposj,i&¢h N @ manner previously described with reference to sidewall
spacer layer 130 to a thickness in a range of fromabout 5 nmto about 15
nm | n dee2HnbAdiceent strédsatinduraek mbayaystdlboe insatctegd dsydr el Oasongproorgpsibissi ve |y

stressed l.ayer. Hard mask | ayer 160 can be deposit S .,a.conpressively

St 1 essod Byt (RRrhEe dUPRETEY SR EL Pt EE A B U T e

condi t i %ﬁa)}iﬂlgy REWM TRONREe ahPAZR r&cRROUAD 8] INSEETRSKod 840, eMubBatéPirEd
overlying hard rmask | ayer 160 in PFET region 200, as illustrated in FIG 5.

Phot or edilét 7ndlskonteamboglihentenitaysil gepvethadilays| 160Imashby peidrynedriocesimiland i s
used as an etch sk for the anisotropic efc f .hard ;mask | ayer in
NPET T od o o, REEoo bk WBB e ek Pty R RE A B GldTin
spacer s nhidridMgyd a50RLcey &irltld einkd (iStea&hfteWBbI xRS hSerkdd-saodd-igdihy i Ng a
portion of first stressinducing nonocrystalline material |ayer 150. An etch

process Bt osh yasddaic exaerienfehonr dfer ehdecqmbigationafl ItensgasBesstipusing 30

may be %ﬁﬁﬁ% t?‘ﬁdadidgdrﬁooﬁlter Ihgyggl }egctﬁﬁﬁ.”lﬁg&q]% tﬁé@%@%s&%ﬁ@%&%ﬂ?ﬁi ng a

desired t ness. 1St ness 1s generall'y ab ness
of hard emiziddéhyidicod Glrbon (£Si:€y ycabnutpdiossm tasddboutsstd aantidhi ISk, The

Phot or esj st sk 164 then |s renoved .usjn conventi anal _ashi ng and/ or
sol vent (L"PWig‘?ﬂ rg@seﬁrlbsggstg_%orm eSqPC typicaﬂy glcﬁlde Sr}H4, rnethy? silane (S1;Hg ), or

derivatives of these chemical species to provide a carbon source. The typical etchant gases
are HCI and/or chlorine (Cl;). In another embodiment, second stress-inducing
monocrystalline material layer 170 includes 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 (AsHz) and/or phosphine (PH3) 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, respectively. 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 subsequently replaced in the NFET device with a suitable
tensile stress-inducing layer. By using the sequence described above, compressive stress-

inducing materials such as eSi:Ge are deposited before tensile-stress inducing materials such
8



[ 0021] Next, because a conpressive stress-inducing filmis not performance
enhancing to an NFET device to be forned in region 180, first

stress-i miocorogsanocrystal line materiall ayer 150 is i seCrapseaalokiywy enoved
from NFET region 180 using a suitable wet or dry etch process, as
illustrategq,.i I 6. In_.one exenpl ary enbodi nent, this etch process

el udeds R s B FPPIEP DS R By e TR g T s Dok Y P SRS
(SC-1) s%m{:l?propemag o Gu 6 BETB kI SN DRY (I ElBdatedEPRBRIT e PRER¥JIAE suangs wat er
(NHAOH H2Q2/ H2O). I n anot her enbodi ment, the tenperature of this solution

i s el evaiceasition abbatd waslolyer 160, gleaparadatodichs sksticay rdugigg prtetide such pe
struct urgs.A |0 i i r JL [ 0022]
A second %ztd r @%tspﬂéﬁt u%?iﬁ( glﬂlr(rilg)ﬁ g%clrhyr} S k glﬁP?% e#%eeé’r]?]}ggmﬁ’g{ﬂ@g f E?%p(?:eg rrl%g ?%?Sr%b

si | i con iadetitpvdyeg it doti NEESt meb PFEMNdsotir¢egdrpinofegidnk efuridyi the baine dpitalNeET
device is selectively epitaxially qromn in source and drain recesses 142 in
NFET r edi'esessdbe atee qfjapfatiphgreyth selptivg tozthe fofalonibstadie gtranalse refeped fxpsl

growt h roéé"s‘yqﬁad}t?é) TRy a6tRAL T RETREd NTRisStallok FhayTBENRhcHASald SEJHiQ%‘P% .
re net eri al

previously wt erence to first stress-inducing nonocrystalline
| ayer 15@neixteept inffdm thivkneddegaise ther@awthantesof dparxiekantetials imsmall regions,

tensil e-stress-jnduci el ement. such .as, for ex | e, carbon (C)., or a
Conbi natd ot IOV 1<arS: 4 Pefe S dEH P IS G e B el dor Groveil st
react antrééi_oh@ywchiw&gtahﬁfg%byalﬁlqmﬁn@§ a1 RRAMSIERIY in@us AReddatcat hieon
carbon (eSi:C) layer that applies a tensile stress to channel 154. The

deposi t itody gesisinudidnl theckhossmneShsienoygsi aabssy aj sbbuate @idHEomeulisirhteddt ane
(Si H6 ) r . derivatives. of, these chem cal.species to ovl de a carbon

Sour ce. R pIbYR Y R Inc R EE SPAMERLRERSHE e B R Y Corflaliet pk

anot her ®Rwpippebisive RtressSiag@sl Slate@nb fdlldibyahsBaatkiys bkl tbmde FBERLihdlcih@y er
170 includes up to about 3 atomic % C and preferably includes from about 1%

t o aboutmatepidd, thegeyissescapenchds gpeserieaplgtedhataier Helisygeerdnids kensty siress60,

t he sec x| ' | 4 r i rce
e Seoohabt SRELTSY SORTRIRRTSS ey ST Chasa T Yl et
enbodi mepblicaionpendicisprecsshings, for exanpl e, arsine (AsH3) and/ or phosphine

CPY) ot SR b B b Bt By
respectiyelods hifmeUshitial§Uohndd,t GRS IRISEeSRrt dHE! NginS UPiGR. and gl n
mat eri al conpr|5|§§ @h hL?ﬁ%e dopant is es eC|a%?y performance enhancing to
an NFET 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
properties, and is subsequently replaced in the other device type by a second material having
opposite stress-inducing properties. Formation of epitaxial 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 sequences
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 eliminating 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. It should also be appreciated that the exemplary embodiment or exemplary
9



device. [0023] Accordingly, this nmethod provides tensile and conpressive
stress-induci ng source and drain regions for NFET and PFET devi ces,

respect i WED2N10A86BMAPr essi ve stress-induci ng | ayer suit alpCe/useo1@/0PBEY devi ce
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.suitable
Cons & o SrRubSS BTy Rupbie By iE ok MeiRedh it 8 S8e hdutublivL o
conpr es sjoufgeali6s of HUalE1dioRBh &l al&. SRERcasheRireddtn 2 @ailePasLSbbeilpr e
tensile-stress inducing materials suchas eSi:C. Such conpressive

st r ess- iMeies thpserakilled &1 Setayipy il opnpargns rogdemap fortimglamaeting ¢8icrerplany
properti subj e .1 0. e I [ ocessi ng,
Clch as oSS o i it L RRE B R ool RISl SRREEF b b QTR

i nduci ngun@Eiodr iad arrsugdmeas of Sleerthalesdrived hoar ekaxplandembsdigdtne avithout ons.
Further, by grow ng the conppressive stressinducing |ayer in both NFET and
PFET soulp@itigediom 8@@%9%0 ?W@nﬁlma%%?ﬁzorébmtta% pRCngpG elawas andiflieis feggl of
epi taxi gl gL relative to the total substrate area, also referred to as
process Ioaglng, is substantially increased. This factor nay be benefici al
in achieving consistency in filmthickness because the growh rate of
epitaxial materials in small regions, or at |low |levels of process | oading,
is often Il ess controllable than for growmh in |arger regions. Achieving a
target filmthickness at low loading levels is thus nore difficult and may
result in filmthickness inconsistencies across a substrate and from
substrate-tosubstrate. However, while the above-described enbodi nents
provide for the formation of a conpressive stress-inducing materi al
followed by the formation of a tensile stress-inducing material, the
reverse sequence is also contenplated herein. In this regard, the tensile
stressinducing material may be epitaxially grown first as may be desired
for particular device applications and/ or processing. [0024] Accordingly,
met hods have been provided for the fabrication of PFET and NFET devices
havi ng epitaxially-fornmed, stress-inducing source and drain regions. A
first nmonocrystalline material having either conpressive 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 properties, and is
subsequently replaced in the other device type by a second material having

10



opposite stress-inducing properties. Formation of epitaxial material in
both PFET and NFET devices during the sane growth process increases process
| oadi ng awo 20tv8etsy enhances grow h rate control of thePepiusaxioakiopy ocess.
In addition, the process sequences described herein require fewer

| it hography and etch steps than requiéggygg conventional processes.

Furt hernore, epitaxially-grown conpressi and tensile stress-inducing

sour ce/ dwahtls ERgh&@s: may be in situ inpurity-doped, thus elimnating an
inmpurity inplantation process. Accordingly, fabrication of gate stacks
havi ng thinner gate insulator and el ectrode | ayers required for advanced

generation devj i i i C ) i on by
inplanté@ dopa%ﬁ%&h?gﬂgg?g%ﬁﬁgg%égﬁﬁégé &3%§§%£2®Qf£$€82%%g%ﬁ%@ﬁ%ﬂﬁgs been
pr esent edbstratd id 0F havegoa figst delidi (180) slelscidepiid @aionf (200 thenwahéd eompriding houl d
be appreciated that a vast nunber of variations exist. It should also be
appr eci dhedPhef the exenpl ary enmbodi ment or exenpl aryenbodi ments are only
exanpl es, an ' oLt otthe R @ﬁ%ﬁ) 3Re) 4 kbt r
configuratioﬂbg?ﬁ?%ghﬁ#%gﬁgg%ﬂj?ﬁhgﬁg&méy @ﬁgt rflﬁﬁgj%%ggg%?ﬁ%gﬁgtaiIed
descri ptstazk (W28)lovpripwp dee schoskreglonl/(P@®; in the art with a conveni ent road
map for inplenentin n exenpl ar nbodi nmen f the inventio .t being
under st ood t HA§M _W@b@gSEﬁ%%E@?lﬁﬁﬁﬁb@Cﬁﬁﬁaﬁﬁﬁ)%ﬁ%@? Fgﬁﬁ”g%ﬁbamﬁangenent
of el emeiiScBQS&! (i1 BB lighe AR 18268 IPtha TiYst @R QEHCRT M4) W tHGHEt @g@ﬁgtsmgaﬂdr omthe
scope of the invention as set forth in the appended clains and their | egal
equi val ght sccondrdvessealtt2) sligriediapisdstite thelsecondrgatchdarkdfl 28 aib thesecomdgregion
senicon%gﬁépr device (100) on and in a seniconductor substrate ( 110)
havi ng a rst region (180) and a second region (200), the method

conpri si ng t hgitekiePs gfwing O Fifdt RGeR-ihductig @Bk redtalike Mmbdihl QBOY inthO@rst he
first region (180) and a second gate stack (128) overlying the second
regi on (@doyeondiretessng (14%)o the substrate ( 110) first recesses (142) and

d . i i th
irst gate stabe sy LSy b BT aRRR e A AP B ol B! C cees
E%ggg_ahbgmﬁﬂ(a42ﬂem$t to the second gate stack (128) in the second region

epitaxially growing a second stress-inducing monocrystalline material (170) in the
first recesses (142), wherein the second stress-inducing monocrystalline material (170) has a

composition different from the first stress-inducing monocrystalline material (150).

2. The method of Claim 1, wherein the step of epitaxially growing a first stress-
inducing monocrystalline material (150) comprises epitaxially growing a compressive

stress-inducing monocrystalline material (150).

3. The method of Claim 1, wherein the step of epitaxially growing a second stress-
inducing monocrystalline material (170) comprises epitaxially growing a tensile stress-

inducing monocrystalline material (170).

4. The method of Claim 1, wherein the step of epitaxially growing a first stress-
inducing monocrystalline material (150) comprises epitaxially growing a first in situ-doped

stress-inducing monocrystalline material (150).
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epitaxially growing a first stress-inducing nonocrystalline material (150)
inthe first and second recesses (142); renoving the first stress-inducing
nonocr ystwDl2orgssmreri al (150) fromthe first recesses @EC£A)S201a/001999
epitaxially growing a second stress-inducing nonocrystalline material (170)
in the first recesses (142), wherein the second stress-inducing
nonocrystalline material (170) has a conposition different fromthe first
stress-induci ng nonocrystalline material (150). 2. The method of daiml,
wherein the step of epitaxially growing a first stressinducing
nonocrystalline material (150) conprises epitaxially grow ng a conpressive

Stress-| §1d uci rﬁap&g {))IP, ?fa% I1i P/;F/ietlggﬁ% &L isf%{a ao(‘ é@g%(}]aégs%r&gﬁlgges%chtginsglfessg aim 1,

wherein the step 0 axi al row ng ressi ndu

monocr yshahding@onddiredtalhe (hitdihl AT0PEIm@isce ppitaxidlig dryw izeietendaints@nsi | e
stressi nduci ng nmonocrystalline naterial(él?O). 4. The method of Cdaiml,
wher ei n GoRed sfespiyuchig menacaystalling BafcHy @79k r st st ressi nduci ng
nonocrystalline material (150) conprises epitaxially growing a first in

si tu-doped stress-induci ng nonocrystalline material (150).5. The nethod of
Claim1, wherein the step of epitaxially growing a second stressinducing

nonocrystalline materi .170) conprises epitaxiall row ng a second in
Sty doped st SSEhRhAC Bk acRTReaR R Rt PR B+ Sen Rt it od. o
q%ﬁmﬁgg tiedt radeod @80f R0 se‘é@t)l@fé%idnrmﬁ())? ﬁi@rﬁaﬂws&ﬂ%r%%% he

fabri catsiuggra@eg
substrate ( 11 aving a first region (180) and a second region

nmet hod dbﬁﬁ@P%@%g the steps of: formng a first gate stack (124) having
first sidewalls overdying th WSt region.(180); for.m econd gate
Stack (128) Haom i Sl SRlat Pl bR o v UER IR BsPBERRS00;

form ng (figgst sidewal |l spacers (132) adjacent the first sidewalls of the
first gate stack (124); form ng second sidewall spacers (134) adjacent the
second si dewdPimingp seepndgatotiark (128) having second sidewalls overlying the second

region (200);

forming first sidewall spacers (132) adjacent the first sidewalls of the first gate stack
(124);

forming second sidewall spacers (134) adjacent the second sidewalls of the second
gate stack (128);

etching into the substrate (110) first recesses (142) and second recesses (142), the
first recesses (142) disposed in the first region (180) and aligned to the first gate stack (124)
and the first sidewall spacers (132), and the second recesses (142) disposed in the second
region (200) and aligned to the second gate stack (128) and the second sidewall spacers
(134);

epitaxially growing an in situ-doped compressive stress-inducing monocrystalline
material (150) in the first and second recesses (142);

removing the in situ-doped compressive stress-inducing monocrystalline material
(150) from the first recesses (142); and

epitaxially growing an in situ-doped tensile stress-inducing monocrystalline material

(170) in the first recesses (142).

7. The method of Claim 6, wherein the step of epitaxially growing an in situ-doped

compressive stress-inducing monocrystalline material (150) comprises epitaxially growing
12



gate stack (128); etching into the substrate ( 110) first recesses (142)
and second recesses (142), the first recesses (142) disposed in the first
regi on ( MORoswmssm=li gned to the first gate stack (124) anu/ush@ofoproge

si dewal | spacers (132), and the second recesses (142) disposed in the
second region and aligned tq t.he secon a 2 the
second STaRoRoRRlecEREe P s A e et mRro g in Gl 1T Rt beh
conpresgyygg&ﬁﬁgﬁﬁgbﬂgmgadmasﬂgmocrystaIIlne material (150) in the first and
second recesses (142); renoving the in situ-doped conpressive
stress-induci ng nonocrystalline material (150) fromthe first recesses
(142); and epitaxially growing an in situ-doped tensile stress-inducing
nonocrystalline material (170) in the first recesses (142). 7. The nethod
of C airm.6, whehemsthbbef Slap Qfvhemiit thixisadpl of epitaialnggrawingnarsintsitu dioped
conpressi ve stress-indycing monocry ftalllne materi al (150 onprlses

epi t axi AOMPrEEIRISHERANIYriRg ponefyEd ipe Mgicaiak( ve) «amiisss Rt growing
nonocry l ~of SiGe and
e A b e R e N L
in situ-doped conpressive stress-induci ng nonocrystalline naterlal (150)
conprises epitaxially growing an in situ boron-doped conpressive
stress-induci ng nonocrystalline material (150). 9. The method of C aim 6,
wherein g he step. RttheRbE @mlﬁld Wlﬁf&r\l\’[ﬂ%g;te%rbf'egltéhﬁlw gorath 4emsith&oped
stress-induci ng nonocrystall ine materi ri ses epltaX|aP

gr owi ng tamsile ﬁtrSSStludmm&mon@Qﬂswlén@ma@Sl@l (lﬂﬁhmmlg‘lm nl@itaxyélb’arbwm aﬂmnerl al
(170) co The neth tep of

ot tax T ogrO it il e FRsRR- Bl POl LS Ralahi €
nmonocrystalline material (170) conprises epitaxially growing an in
situ-doped tensile stress-inducing nonocrystalline material (170) that is
in situ-doped with a dopant selected froma group consisting of phosphorous
and arsepy c.

The method of Claim 6, wherein the step of epitaxially growing an in situ-doped
tensile stress-inducing monocrystalline material (170) comprises epitaxially growing an in
situ-doped tensile stress-inducing monocrystalline material (170) that is in situ-doped with a

dopant selected from a group consisting of phosphorous and arsenic.
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