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GERMANI UM LAYER BACKGROUND OF THE I NVENTION (1) Field of the BnMQVlt’l[]@Zn The
present invention relates to nethods used to fabricate sem conductor

devices, and nore specifically to a fret hod used to increase the
performance of conplenentary netal oxide sem conductor (CMOS), devices,

via the f a ' ris ' r ' aj i.licon
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i ncreasi ng cMOS TESHEYQEOC LESINE i SCTIY R BRIT4SEY GIF A STRA SILIE&EMNani um
(SiGe), layer located in the cHaPRBRMANBIVIADATER he CMOS devi ce. The

bi axial stress in the SiGe |ayer, creating strain induced band structure
nodi fication, allows enhanced transport properties of electrons for N
channel (NMOS), devices, and enhanced transport properties of holes for P
channel (PMOS), devices, to be realized er the ability to place a

. Ho
SiGe layer in a region t%CWMO%B&%J&E%\VEMBPNay the gate structure,

as well as to subsequently accomodate shal |l ow source/drain regions, can
be challenging in terns of integrating the Si Ge devices into a
convent i @p&ielEd e PARGASS- This invention will teach a process in which a
SiGe layer is selectively grown on only the active device regions,

el i mnating the need.for,h costl terni roceduyres to renove

YEERERY, Tlpe%)r’e?e\w }qvgptllqr\ﬁe}a'tqs' tp ﬂqﬂ?o%ts usecp tonfgbrjlacate seml{conductor devrlrges, and more
specifically to a method used to increase the performance of complementary metal oxide
semiconductor (CMOS), devices, via the use of a channel region comprised in part with a

strained silicon - germanium layer
(2) Description of Prior Art

An attractive approach for increasing CMOS transistor performance is the use of a
silicon - germanium (SiGe), layer located in the channel region of the CMOS device. The
biaxial stress in the SiGe layer, creating strain induced band structure modification, allows
enhanced transport properties of electrons for N channel (NMOS), devices, and enhanced
transport properties of holes for P channel (PMOS), devices, to be realized. However the
ability to place a SiGe layer in a region that will sﬁbsequently underlay the gate structure, as
well as to subsequently accommodate shallow source/drain regions, can be challenging in

terms of integrating the SiGe devices into a conventional CMOS process.

This invention will teach a process in which a SiGe layer is selectively grown on only

the active device regions, eliminating the need for costly patterning procedures to remove
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portions of the SiGe | ayer overlying non-active device regions, such as
insulator filled shallow trench regions. This invention will also describe
a conposite layer conprised with silicon |ayers overlying as well as
underlying the Si Ge conponent of the gonposite |ayer. The silicon |ayer
overlying the SiGe layer, silicon cap |layer, allows a gate insulator |ayer
to be thermally grown consum ng only portion of the silicon cap layer. In
addition, this invention will also describe the thickness and conposition

of the %dm&%ﬁﬁ@s@ 16Fer d0Elyid hb&gau}etafebr%é ré chagﬁgﬁﬁt&r%ﬁﬁcommdate

t he bi axi al conpressive straln eeded for en ance e nobility in the

PMOS chaghalibwitegtioregichR dTHiB énvehtid Will 1888 6riee EApssitk ldylel B8mpriged tWith
conducti on band all owi ng enhanced el ectron transport properties to enhance

el ect r orsilicasl loydrs pvalpensaostl] asundedying amn@iGercegiponergfof NiMeSngwsitckager. Pri or
art, such as Ismail et al, in_ U S Pat. No. 5,6534,713, describe the use of
thick bufhetiligonjaye, overdwiag fie HOs lasiesilicap &2 laypioalirss 2 gae lnfgbatqsflaxeﬁ& e
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conpone annel ‘region o Vi ce er obj ect
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conposite silicon layer, conprised of a thin underlying silicon buffer

| ayer, aerthndedBoléemobility in the PMOS channel region, and the strain induced energy splitting
in the conduction band allowing enhanced electron transport properties to enhance electron
velocity overshoot in the channel region of NMOS devices. Prior art, such as Ismail et al, in
U.S. Pat. No. 5,534,713, describe the use of thick buffer layers, used with a SiGe layer,

however the use of these thick layers may not allow for the easy integration into a

conventional CMOS process as this present invention does.
SUMMARY OF THE INVENTION

It is an object of this invention to fabricate CMOS devices using a SiGe layer as a

component of the channel region of a CMOS device.

It is another object of this invention to selectively grow on active device regions only,
a composite silicon layer, comprised of a thin underlying silicon buffer layer, a thin SiGe

layer, and an overlying, thin silicon cap layer.

It is still another object of this invention to incorporate between about 20 to 40 weight
percent germanium (Ge), into the thin SiGe layer to obtain the desired stress characteristic

for carrier mobility enhancement, without inducing junction leakage.



Fayer:, and an overlying, thin silicon cap layer. It is still another object
of this invention to incorporate between about 20 to 40 wei ght percent
germanium (Ge), into the thin SiGe layer to obtain the desired stress
characteristic for carrier mobility enhancenment, w thout inducing junction
| eakage. f 1 3 1In accordance with thg present invention a nethod of
fabricating CMOS devices featuring a channel region conprised with a

sel ectively grown, conposite silicon layer, which in turn is conprised
with a SiGe | ayer sandw ched between thin silicon layers, is described.

Af ter format [iDircofdapdtalith et greRatink &loata BEthé S fabfi€ding MOS8 deeické ons of a
sem conduct or substrate, an P well region is fornmed in a first region of

t he sem featudug b chanreutegionatoenprisedwithi a aeledtorelyt growhiMompmbaite silisomiayére an N
well region is formed in a second portion of the seniconductor substrate

for accovthishar eh issfonmuoerd withiacese layer sandvdshed beyaen glin siligpe fayess, isext
selectively.gro on. regi ons of the sem cond r substrate not. occupied
by the SHSUHBGE GrEST TomeoR A ElIon Geneh o S ITEE BBRBIOSRemSaR 2an opt | onal
under |yi g Sl COPSHRUEE: orfp HefcdiBY Rlrolhdd1nd 18 90, BENESBBRAYSSN about
o 40, and an overlying capping, srlicon layers srli'con dr oxi de gate

i nsul at ogfubk@ME ko bSudRBtdr ME WNIOS GRS WAt #h ROVl RPioRfis fdie@ Ve atbR
capping silicon layer, followed by deposition of, "and patterning of, an

undoped potiys bf iheadmicydtictor dstrdte fig actorhmeditivnnaEiEMOSAeviees. yAichbinpositeggat e
structures for both NMOS and PMOS devices. After formation of lightly doped
sour ce/ dsib¢an lnpgyiipnext selegiebngovnon regionseefi tbesenaitondvetor suipstrgiet®t si | i con

| ayer not covered b the gate structures, insulator spacers are formed on
the si de¥ccypied g ﬂ@eag@ 1$gionet hhesompesite siticon lgyrnisccampaiscdeizmerniioaali s t hen

enpl Oyedurgcf%rlwn%%ﬁictog Ffay%(rn’,sai éi%% lallaye?quthNa vtv igﬁt ;;e(r)cré%t f)eQngnr '(tibio%p 30 to 40, and an
overlying capping, silicon layer. A silicon dioxide gate insulator layer is next grown
consuming a portion of the overlying, capping silicon layer, followed by deposition of, and
patterning of, an undoped polysilicon layer, resulting in the formation of polysilicon gate
structures for both NMOS and PMOS devices. After formation of lightly doped
source/drain regions or extensions, in regions of the composite silicon layer not covered by
the gate structures, insulator spacers are formed on the sides of the gate structures. An ion
implantation procedure is then employed to place the desired P and N type ions in portions
of the semiconductor structure not covered by the gate structures or by the insulator
spacers, followed by a rapid thermal anneal (RTA) procedure, used to activate the P and N
type ions, creating an N type, heavily doped source/drain region in a portion of the P well
region, used for the NMOS devices, and creating a P type, heavily doped source/drain region
in a portion of the N well region, for the PMOS devices. The implantation and anneal
procedures used to form the heavily doped source/drain regions also results in the doping of
the exposed polysilicon gate structures. Formation of metal silicide onlthe surface of gate

structures and source/drain regions is then performed.



of the sem conductor structure not covered by the gate structures or by the
i nsul ator spacers, followed by a rapid thermal anneal (RTA) procedure,
used to activate the P and N type ions, creating an N type, heavily doped
source/drain region in a portion of the P well region, used for the NMOS
devices, and creating a P type, heaviiy doped source/drain region in a
portion of the N well region, for the PMOS devices. The inplantation and
anneal procedures used to formthe heavily doped source/drain regions also
results in the doping of the exposed polysilicon gate structures.

For mati on of [ R . f u .and
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i nvent i QdnfpRaid!§ifsord 1Ia§eergagm borfprisA WiIIThS RleBidd] VEIGE MIRPaESAbA] Il thOArst aYer
again conprised with the identical SiGe |ayer described in the first

enbodi memhbodithentc Dhpasnpaits sillicomtay ey eompasedafaniopaonad inderlyomy $ilieval
underlying silicon layer, a SiGe l'ayer, and an overlying silicon layer.

Por t i ondapdr, 2 iieclengroand an eerly mgrsilicap dayer.| Bertipasiofghe corapesitp sdigon dayer of
non-active regigons, need tqQ be selectively renoved using photalithographic
and dry 18?"6%16 ﬁ%gt ﬁ%%ﬁfﬁcég? nQrhactiyqiregions. BFpddp e Selsstiviebemored 18R used Wit h
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acconpl i shed post-deposition o e conpos I con yer via deposition

of an i nheltapenid tbpyertioheh STIREsibYs, and tiRNKSdredlside£d e REIGARANT @pbSitdd ti ng
in a snmooth top surface topography featuring the insulator filled, V-

groove Sivapesite SREEGEFapESGRIiPIFIaOborap!ishel pDRAIAD MBSO bEthe bpmpbsitrsilianher
advant ﬁges of this invention are best described in the preferred
embodi melAYerwiia genositiep oh aw insslaigs dayer fallored trahlpmiegs dorrieh pise¢dwgeresulting

in a smooth top surface topography featuring the insulator filled, V- groove shapes.
BRIEF DESCRIPTION OF THE DRAWINGS

The object and other advantages of this invention are best described in the preferred

embodiment with reference to the attached drawings that include:

Figs 1 -4, 6 - 9, which schematically, in cross-sectional style, describe key stages used
to fabricate CMOS devices featuring a channel region comprised with a selectively grown,
composite silicon layer, which in turn is comprised with a SiGe layer sandwiched between

thin silicon buffer layers, is described.

Fig. 5, which schematically, in cross sectional style, shows a key stage of a CMOS
process featuring a non-selectively grown, composite silicon layer, to be defined as a

component of the CMOS device channel region.



Figs< - 4, 6 - 9, which schematically, in cross-sectional style, describe
key stages used to fabricate CMOS devices featuring a channel region
conprised with a selectively grown, conposite silicon layer, which in turn
is conprised with a Si Ge | ayer sandw ched between thin silicon buffer

| ayers, is described. Fig. 5 which sghematically, in cross sectional

style, shows a key stage of a CMOS process featuring a non-sel ectively
grown, conposite silicon |ayer, to be defined as a conponent of the CMOS
devi ce channel region. 5 DESCRI PTION OF THE PREFERRED EVMBODI MENTS The

met hod of fabricati mpsCrIMFONYF T8H PREFERRSDPEN®OIOMNIERTSI | i con | ayer,
conprised of at least a SiGe |ayer and an overlying silicon |ayer,

sel ectively grown on active device regions of a sem conductor substrate
prior to growth of a ?ate insulator layer, will now be described in

det ai | . Seni tanugdod of fabbisatingtaCVOS devive featuring a sompositesilicon ddyei,ne, P type
silicon, featuring a <1Q00> crystallographic orientation, is used and
schemat | aMriped phatieast 4 Siiglayer andjan oxeslyipg silirertlay ey sglecpivelygrown Ap aktHEs s

s condiiidrediRee! SBneonGREr HiRR s BoREh o ERRA S PRl TR on
(LPCVD) , n % b@%ﬁ%{l’g?cﬁimﬁ:%@ C‘Seﬁﬁ&mdg@tbr AR PAte Q?&ﬂﬁﬂﬁsieﬁ Bf giﬁ?&}{gstallﬂ{e? pedures.

Convent i onal I thographi ¢ and reactive 1 on ‘etching pr ocedur es
ar e usedyp@silided, ifeturidod koyost ¢restalio ggAyesrichtation, Kiused &Y sthembgelly akéwn 2,

and to a depth between about 3000 to 6000 Angstrons in sem conductor

- subst r atia Fig. ITHEli&mEipidedeytu 2eati asthipknéss bewetenabag 1GDQ to 2600amngstromanis f or
both silicon nitride |layer 2, and sem conductor substrate 1. After renoval
of the plesmest enthettor Rurpice 9f semicondustarsubsitaig 1.oun lovepressushelsayca vapora pl asma

g)é%\g/gnp?%g)igglgplé @{glﬁsﬂy,ro?%lasrsnial einﬁgnr!:e )éLgrr?iclala\}g%Er ge’poisi%iorq ?lpé)éj\/b?,dprgci:e u}_eE.CVD or
Conventional photolithographic and reactive ion etching (RIE), procedures are used to
define shallow trench shapes 3, in silicon nitride layer 2, and to a depth between about 3000
to 6000 Angstroms in semiconductor substrate 1. The RIE procedure is performed using Cl,
as an etchant for both silicon nitride layer 2, and semiconductor substrate 1. After removal
of the photoresist shape used to define shallow trench shapes 3, via plasma oxygen ashing
procedures, silicon oxide layer 4, is deposited via LPCVD or PECVD procedures at a
thickness between about 4000 to 10000 Angstroms, using tetraethylorthosilicate (TEOS), as
a source, completely filling shallow trench shapes 3. A chemical mechanical polishing
(CMP) procedure is then employed to remove portions of silicon oxide layer 4, from the top
surface of silicon nitride layer 2, resulting in silicon oxide filled, STI regions 20,
schematically shown in Fig. 1. The CMP procedure selectively terminates on silicon nitride

layer 2.

The removal of silicon nitride layer 2, via wet etch procedures, using phosphoric acid
as an etchant, is next conducted, with the etch procedure also presenting an isotropic

component resulting in a tapered profile for the top portion of STI regions 20, with the top



t hi ckness between about 4000 to 10000 Angstrons, using
tetraethylorthosilicate (TECS), as a source, conpletely filling shall ow
trench shapes 3. A chem cal nechanical polishing (CWP) procedure is then
enpl oyed to renove portions of silicon oxide |layer 4, fromthe top surface
of silicon nitride layer 2, resultinggin silicon oxide filled, STl regions
20, schematically shown in Fig. 1. %e CwP procedure selectlvely

term nat S(ﬁ'tl%'s <§P§TI°r8 oﬁ'§ ﬁd ' g%ndmg%%vezt’he (ﬂ) @Xiaéerrgz%dh 90991935{} I de

| ayer 2,7 via wet etc rode res® usin or c aci as an e chant S
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conponent resulting ih a tapergd profile for the top portion o% STl regions

20, W t hschbmatieplyGhowarii Fing. of piatbresiedihaps (i shdwt Bintle deaviheyeistig t op
surface of sem conductor substrate 1. This is schematically shown in Fig.

2 The f ovsedtt¢ blockf padidn efesginirondiigonsibstratel dr femeu 1amdnplanﬂaemapnocadury shown
in Fig. 3. A photoresist. shape (not shown in the dra % Is first used
to bl ockPH %@F@ MSIRE SPrond AT fR GRSy belsen phew 190 tg f*QﬁrKa ahatiadosant at i on

Rev: - ancerrB SRRETE LR B4 SiBtenS SReatne POyl ReRY saAnBRaneS Sheating b -
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ion inplantation pro ures can be use the threshold tage of

t he NMOSha ke SHERBv 6l@ite € he NRIGEIgHd PIIDS devadds Us ta fidioR e hdjasthgPortiddidf
substrate to offer greater protection against punch-through phenonena. The

regi on othe ssigstiateoo et greatn bsd:tescmbﬂ againstnpwithehrolghvphénomenaesThesgion dfl be
desi gnat ed as NMOS regi on to be used to accommbdat e NMOS devi ces.
Af ter refppyeIndyetor ﬁé)sw@tlome\yh@h Phvakk reides, @/Hh‘p@desmteﬁ@s NcM@S degien st

ohape (o0l iSIRULA 8 2 RGSLE et b LG MR S 0, from
shape, another photoresist shape (not shown in the drawings) is used to protect NMOS
region 40, from implantation of arsenic or phosphorous ions, performed at an energy
between 100 to 500 KeV, at a dose between about 1E12 to 1E14 atoms/cm?, resulting in the
formation of N well region 6, in a portion of semiconductor substrate 1, designated as
PMOS region 50, to be used to accommodate PMOS devices. If not previously performed
threshold adjust and anti-punch through implants may now be performed. Removal of the

photoresist block out shapes is accomplished via plasma oxygen ashing procedures.

After a pre-clean procedure performed using a dilute or buffered hydrofluoric acid
solution, composite silicon layer 10, is selectively grown on exposed semiconductor
surfaces. An ultra-high vacuum chemical vapor deposition (UHV-CVD) procedure is
employed at a temperature between about 400 to 800° C. To obtain the desired selective
growth specific conditions, such as the growth temperature, (shown above), in addition to a
pressure of less than 200 mtorr, have to be employed. The addition of chlorine gas or HCI
gas enhances the selectivity of the epitaxial growth. The growth of composite silicon layer

10, shown schematically in Fig. 4, initiates with the growth of optional underlying undoped



bet ween 100 to 500 KeV, at a dose between about 1E12 to 1E14 atons/cn®,
resulting in the formation of Nwell region 6, in a portion of

sem conductor substrate 1, designated as PMOS region 50, to be used to
accommobdat e PMOS devices. |If not previously performed threshold adjust and
anti-punch through inplants may now be perforned. Renoval of the

phot oresi st bl ock out shapes is acconplished via plasm oxygen ashi ng

rocedur I -l . / f i i
Dur T or ot st iat 7, SIRE 60 RURE SIS RE] P HTREGELIE, B BLOME OF
sel ect i V@lidknBdsBMivah B¥ROG R cﬁﬁ}g&/%%ﬂﬁcws is SN vAGIES: théRelbétivedrbivilbfvacuum
chem cal vapor deposition (UHV- ) procedure is enployed at a tenperature

bet ween aloped 805t taperd) @t £thickmessHetweent dbeutHstor 60 Ag)seoins M&ingilané h
specific conditions, such as the growth tenperature, (shown above), in
addi t i on(Silda)ar distlenesSiblebfind germane elR)os reaetants. Thevabjactiveef gmpingaed. The
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Angstronms. This is followed by the selective gro undope

8, at a dilicarkagsy, helcWwetvelnbeitin G thitkA&s bAv@sh abo®.S tdI00 Angktr@ns aghidl H4)
or disilane (Si2H6), and germane (GeH4) as reactants. The objective of

gr owi ng wsingsilagé nedisiBinGas hagece.iQvealy higeiledn ajien §, ia ugmrasamappmgddyght per cent
bet ween about 20_to 40..  The thickness is chosen to be sufficient enough to

cont ai n levingg siligpmdioxids gate inswaieny layerigtbe subsegyendy dergedtusingisilisandef ect to
| ead t t ed device | eakage. Final]y. | yi doped.,. sili I
o2 10 pauspted doue LERKtR: FHISLlanieyerl D6 unseRedy Sl L cony | aver
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used as a cappin ayer, _ :

portion of STI region 4, result in V- groove shape 30, located between the tapered shapes of

composite silicon layer 10, and STI regions 4. This is illustrated schematically in Fig. 4.

A second embodiment of this invention relates to the non-selective growth of
composite silicon layer 10. Composite silicon layer 10, is again comprised of an optional
underlying, undoped silicon layer 7, a SiGe layer 8, and an overlying, undoped silicon layer
9, all at the same thickness as used with the first embodiment featuring the selective silicon
growth option. However to form a non-selective silicon layer the growth temperature used,
unlike the selective silicon counterpart, is between about 400 to 800° C, in addition to
employing a pressure less than 200 mtorr. This is schematically illustrated in Fig. 5. The
second embodiment, or the use of non-selective silicon growth, will subsequently require a
patterning procedure to remove portions of the non-selective silicon layer from non-active

device regions, such as from the top surface of STI regions 4.



allowing a silicon dioxide gate insulator |ayer to be subsequently forned
using silicon located in a top portion of this layer. The sel ective growh
of conposite silicon layer 10, results in a tapered sidewall, which in
conbination with the tapered profile of the top portion of STI region 4,
result in V- groove shape 30, |ocatedgbetween the tapered shapes of
conposite silicon layer 10, and STl regions 4. This is illustrated
schematically in Fig. 4. A second enbodinent of this invention relates to

t he non-sel ective gromh of conposite silicon |layer 10. Conposite silicon

| . : o ey _ b
ayer 10, T STROANMeGPRREIS0E 2, with ﬁﬁdt&n%gwgg%%!u}'b;ﬂ%n df@t?égf;fzc?atﬁb irh €ON

| ayer 7, a Si CGe layer 8 a an overlying, ed siTicon , all at

t he sanmethistinedationSis asxtugiaebswWdtdnd sbientdicslly gishedhments. Iealiamed Rgertne
selective silicon growh option. However to forma non-sel ective silicon

| ayer t heomprised bf ¢ithep sitietnuoxddaisesiliconumtride s tieposited eiatliRGV B iot PEGVD
counterpart, is between about 400 to 800 C, in addition to enploying a
pr essur ePrpeasiireshiorn hitngssderweeniabaut 0de ABPRANesirams, complstelnfilngiVr Fig. 5.
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procedures, to a thickness between about 100 to 1000 Angstrons, conpletely
filling ofthegyopsudace3d.comppsitecsiliopn layen 18+ HhdegiRids chenicad neckariical pblishingsed t o
sel ectively renove the insulator,lay?r 11, fromthe top surface of
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Thermal oxidation procedures are next employed at a temperature between about 600
to 900° C, in an oxygen -steam ambient, resulting in the growth of silicon dioxide gate
insulator layer 12, at a thickness between about 5 to 80 Angstroms. Silicon dioxide gate
insulator layer 12, was obtained consuming only a top portion of overlying silicon layer 9.
The presence of overlying silicon layer 9, prevented the thermal oxidation procedure from
consuming portions of strained SiGe layer 8, which would have resulted in a silicon dioxide
layer exhibiting poorer dielectric characteristics than the silicon oxide gate insulator layer
grown from an underlying non-Ge, silicon layer. An undoped polysilicon layer is next
deposited at a thickness between about 500 to 2000 Angstroms, via LPCVD procedures.
Conventional photolithographic and anisotropic RIE procedures, using Cl, or SF; as an
etchant, are used to define polysilicon gate structure 13a, in NMOS region 40, and
polysilicon gate structure 13b, residing in PMOS region 50. The width of the polysilicon
gate structures is between about 180 to 5000 Angstroms. Removal of the photoresist shape,

(not shown in the drawings), used as a defining mask for the polysilicon gate structures, is



as an etchant, allows the selective R E procedure to be easily term nated
at the appearance of the top surface of conposite silicon |layer 10. If
desired a chem cal nechanical polishing procedure can be used to renove
portions of insulator layer 11, fromthe top surface of conposite silicon
| ayer 10, again resulting in the forn@tron of insulator filled, V-grooves.
Ther mal oxi dation procedures are next”enployed at a tenperature between

about 60 to 900 C, in an oxygen -steam anbient, resulting in the growth
of silic ﬁnzﬁneﬁefeeéﬂaga@%na PXYEER athineg mrasfé#mefzn sareful pyet eleanss d B aYeheleAt about 5
was .obt ai ned
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the silicon oxide gate insulator layer grown froman underlying non-Ce,

si | i con prayesuresAnsanetepealyshbwaiih Figof. | ayer is next deposited at a
t hi ckness bet ween about 500 to 2000 Angstrons, via LPCVD procedures.
Cbnventional photolithographic and ani sotropic RIE procedures, using Cl2 or

SF6 as an e i ne pol srlr n. gat e structure 13a, in
NS T egi on' EniR RS srefiraie SO BhrEsels ol e e EriaBs o g new R
regi on f0 about
180 10 ?8&8%”“??%4%&%%@@? oGP 0P Bl B 4BAS ComR R e
dr aw ngsmyeru@eobuaﬁo@ bel i dpliyRed widhd kit g‘hewgﬁ@acﬁelfnfethfe@@nmgafcs @ra&&. ukes, is
9 then renoved via pl asma "oxygen ashi ng procedures and care wet cl eans.
The wet pHot@mssistheps duteahowndl thdelriwiags)sd wéd e oK MIMOS eegich 4QtfeondF cycl e
whi ch renove exposed portions, or portions of silicon dioxide gate
i nsul at omplanyationiaf borast ions \perfermesiatahenergl yess thandrK g%t and as idosg batween f r om
the to ur f eof osite,silicon layer 10. The result of these
P sbout 5to 1EC16rgt)oms/cm resultclzng in P type, LDD region 14b, 1n the portion of

PMOS region 50, or in a region of composite silicon layer 10, not covered by polysilicon

gate structure 13b. After removal of the NMOS block out photoresist shape, another

photoresist block out shape is formed on PMOS region 50, allowing implantation of arsenic

or phosphorous ions, at an energy less than 10 KeV, and at a dose between about 1E15 to

1E16 atoms/cm?, to create N type, LDD region 14a, in a region of NMOS region 40, or in a

region of composite silicon layer 10, not covered by the photoresist block out shape or by

polysilicon gate structure 13a. After removal of the PMOS block out photoresist shape a

silicon nitride layer is deposited via LPCVD or PECVD procedures, to a thickness between

about 500 to 2000 Angstroms. An anisotropic RIE procedure using SF¢ as an etchant is -

used to define silicon nitride spacers 15, on the sides of the polysilicon gate structures. The

result of these procedures is schematically shown in Fig. 8

Formation of the heavily doped source/drain regions are next addressed and
schematically shown in Fig. 9. A photoresist block out shape is used to protect the NMOS

region 40, from implantation of boron ions into a portion of PMOS region 50, not covered



procedures is schematically shown in Fig. 7. Lightly doped source/drain
(LDD), regions, or source/drain extensions are next fornmed in both NMOS
region 40, and PMOS region 50. For purposes of clarity conposite silicon
| ayer 10, will now be di splayed wi thout show ng each of the three silicon
conponents. A photoresist shape, (nqb shown in the drawings), is used to
"bl ock NMOS region 40, from inplantation of boron ions, perfornmed at an
energy less .th

5 KeV d d bet. b E 1 .1 E 16
t one) crl® DB fren weie FreeBe gk, SebGioes e apectrnl k PR Phos
re91 0N o Ofurd 8 ReBALOR Aer SOTRSIASR Bl 8 VPLanhQ DO GEYELLT DY

polysili‘con gate structure er renoval o out

phot or esitplut SHEPH, 1 EIH4HRE/cmPNalfRf Rshdval 61 @€ photdtesth e iuSed @BIBk an PMOS
region 50, allow ng inplantation of arsenic or phosphorous ions, at an

ener gy |NMOS tegionl4D, Kedthergpidtaesist shayeds frmed enerdjiog PMIBR fegian 30, Blld®ing
atons/cn2, to create N type, LDD region 14a, in a region of NMOS region 40,
or in a arpesds enphsispharapoions to b implanied myeportions albN eqgien 4% npheovered

phot oresi st bl gqck out shape qr b pol ysilicon gate structure 13a. After
r enoval lafpqlmﬁmmtw&qkursdSa,ﬁﬁvérlwnmléﬁ%e@ ISSiAfirtqsaﬁmﬁvftlpg‘gtc layer is

deposite L.a.. D. ar. PECVD nr ur.es o.a_ thi ess._between about 500
o 2000 ASuRrSrRtb e o BB EERp ol nBru b A REELeBRURER o chant is

used to gebdduge, ShlanfEH pRddehindSs éxﬂﬁfé)?éétolé:tiv% thdP rppedlGRd thg/bé‘ﬁnliﬁl%%éi l'i con
gate structures. The result of theSe procedures is schematically shown in

Fi g. 8 Fonsiaésultingdh helndlyhdoped Pty pedsonad/daid g ol 1 66, in PRIDDRgicty 5, AfK in
addressed and schematically shown in Fig. 9. A photoresist block out shape
i s used heavily dopaskN typs sNMCS/draie gigoon U@, irf NMIOS regicnrilat Theranoéal ipoeasdutieons
into a portion of PMOS region 50, not covered 10 by polrsilicon gate
st r uct ur Wasjapgomglishsd usingirapid thermal ansealingBIA)1performgd pha feamperatirg hetween

about 925 to 1075 ° C, for a time between about 0 to 30 sec. The presence of SiGe layer 8,

as a component of composite silicon layer 10, helps to restrict excessive diffusion of

activated boron in the vertical direction that would lead to increased source/drain junction

depth and degraded short-channel performance.

Completion of the CMOS process sequence, featuring a composite silicon layer
comprised of at least a SiGe layer and an overlying silicon layer, entails formation of metal
silicide layers on the top surface of the polysilicon gate structures, and on the top surface of
the heavily doped source/drain regions. Several alternatives to forming the metal silicide
layer directly on the composite silicon layer, in which unwanted agglomeration of germanium
may occur at the boundaries of the silicide layer, can be employed. First the composite
silicon layer can be removed prior to metal silicide formation, specifically after silicon nitride
spacer formation. A second alternative is an additional selective epitaxial growth of silicon,
used to form a raised source/drain region, so that a subsequent silicide formation procedure
would not consume the underlying SiGe layer. The metal used for silicide formation, in

either of the above alternatives can be chosen from a group that contained such candidates as



procedure is perfornmed at an energy between about | to 20 KeV, and at a
dose between about 1 E 15 to 1 E 16 atons/cnR. After renoval of the
phot or esi st shape used to bl ock out NMOS region 40, another photoresi st
shape is forned overlying PMOS region 50, allow ng arsenic or phosphorous
ions to be inplanted into portions of;jNMOS regi on 40, not covered by
polysilicon gate structure 13a, or by silicon nitride spacers 15. After

oroval Rhnkhe crRIGhan6al el APRASE] hA-PIGLSGL DR AR B SRpelt oM L e

N type i ré an anne ure I's enp 0 activate

the P typgeeduRd ad ﬁ%ﬁ@o fdml BRI siliefe ,la}re?%' 93 drfd seﬁﬁwdkain dRRRMP type

source/drain region 16b, in PMOS regi on 50 heavily doped N type

sour ce/ divbwed bgiramovhbaf umaaow\aﬁﬁetnle@omnhéﬁxrfaw ef ﬂae Rpaersind STd Wegtonswas

acconplished using rapid thermal annealing (RTA), perforned at a

t enperature between about 925 to 1075 C, for a time between about 0 to 30
ce of SiGe . as a conponent qQf conposjite silicon

sec. The presen
| ayer 10, heﬁ&gletﬂ&‘s F%‘?PPP‘E: a%@&%@éﬁ%‘ﬂ&lyﬁhwe@ﬁ@ﬁscrl'ae@twlafeé%rewtenthpn t he
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| east a S | ayer and an ov g silicon r, enta tion of
met al  sinkétiode | ayers on the top surface of the polysilicon gate
structures, and on the top surface of the heavily doped source/drain
regions. Several alternatives to formng the netal silicide |l|ayer directly
on the conposite silicon |ayer, in which unwanted aggl onerati on of
germanium may occur at the boundaries of the silicide |layer, can be

enpl oyed. First the conposite silicon |layer can be renoved prior to netal
silicide formation, specifically after silicon nitride spacer formation. A
second alternative is an additional selective epitaxial growh of silicon,
used to forma raised source/drain region, so that a subsequent silicide
formati on procedure



woul d not consune the underlying SiGe |layer. The netal used for silicide
formation, in either of the above alternatives can be chosen froma group
t hat contained such candidates as 11 titanium tantalum cobalt, nickel, or
tungsten. After deposition of the netal |ayer, anneal procedures are used
to formthe nmetal silicide |layer on tllae gate and source/drain el enents,
foll owed by renoval of unreacted netal” fromthe surface of the spacers and
STl regions. Wiile this invention has been particularly shown and descri bed
with reference to, the preferred enbodinents thereof, it wll be
understood by those skilled in art.. .various changes in form and
details may be nmade w t hout depﬁazlrﬂ?tllgélaflb%}st he spirit and scope of this
invention. 12 Wsat is clained is: A nmethod of fabricating conplenentary
nmet al oxi de sem conductor (CMOS) devices on a sem conductor substrate,
featuri ny a Aindtiemiof-fagrioating complemiefia)y, meayexideistic@rluator (OMOD) @blices a
CMOS device channel region, with the integration of a selective

epi taxi al | y efepsemicendluctor setishiatd, f8at@ang haitinen - gayenium(SGOMagBeused ess
perfornmed after formation of jsolation regions, conprising the steps of.
provi di ng a famropentiafMES deyicg chawrkisawnctvsh theupiegration of dsglectivéed as an
NMOS (N channel. pet.al axi de sem.conduct gr,). regi nd providin second
regi on of sar ax1§g§nd8%%§acéts§'?m§%§(?er %la@nadg)beé 1%§§W%§péo°%ﬂ%rtgﬁng$§%ﬂel
net al oxi de LSRN L QR ki i i ation regions in top
portions of %gllmél sem g(g%qucrte%@gés’gggllp&gi{hg?ﬂwsft%%ﬂng a Pwll regionin said
NMOS region, and formng an N well region in said PMOS region; selectively

depositing a conposite silicon layer on the top surface of
providing a first region of said semiconductor substrate to be used as an NMOS (N

channel metal oxide semiconductor) region, and providing a second region of said
semiconductor substrate to be used as a PMOS ( P channel metal oxide semiconductor)
region; forming isolation regions in top portions of said semiconductor substrate;
forming a P well region in said NMOS region, and forming an N well region in said
PMOS region; selectively depositing a composite silicon layer on the top surface of
portions of said semiconductor substrate not occupied by said isolation regions, with
said composite silicon layer comprised of said SiGe layer, and comprised of an
overlying silicon layer; and forming a gate insulator layer on said overlying silicon

layer.

2. The method of claim 1, wherein said isolation regions are insulator filled, shallow

trench isolation regions.

3. The method of claim 1, wherein said composite silicon layer is an undoped composite

silicon layer.

4. The method of claim 1, wherein said SiGe layer is grown on an underlying silicon layer.



portions of said sem conductor substrate not occupied by said isolation
regions, with said conposite silicon |ayer conprised of said Si Ge |ayer,
and conprised of an overlying silicon layer; and formng a gate insul ator

| ayer on said overlying silicon layer. 2. The nmethod of claim1, wherein
said isolation regions are insulator 1illed, shallow trench isolation
regions. 3. The nethod of claim 1, wherein said conposite silicon layer is
an undoped conposite silicon Iayer. 4. The nethod of claiml1, mherein sai d

Si Ge | ayer i roQ o) ng sjlicon I The d of
claimi, §\Alneﬁ'§'qﬂ témq P@a Eyyg?ere’ ‘(]j'g?rl1 blly ﬁrgug%ﬁr Seéil?%‘?g?yer ‘§° ﬁ%d at
a thi ckness D@l \kﬁggg b%RPééB @o?tcb gool(bomgg%g %e 6. The net hod of cl al m 1,
wherein silicon layer, yl ng sai @ Sl | ayer, is selectively grown
via ultra-high vacuunlchenlcal vapor deposition (UHV - CVD) procedures. 7.
The nethod of claim1, wherein silicon |ayer, underlying said Si Ge |ayer,

i's sel ech.i velhe mghadwf daint Brgeren silieotb by we endealymgt saltl8iGeday@0ds &leaivelyat a
pressure between |ess than 200 morr, using silane or disilane as a
source. 8. TEARWANIHHHa-bighciaguym chemisalraper deppsition GHVay 6V Dfprecsidtresonposi t e
silicon layer, is selectively grown to a thickness between about 20 to 150
Angstrons, with a germani um content between about 20 to 40 weight percent.

9. The et hOlqneq;wtﬁ(l)d”1 f@lglm e?élﬁl sif :%rgla, rGLeincie daf? eel\g teI Ve rglv)\,/n via
W rfr 5c% 0F ey oY10.

ul tra-hi gh vacuum chem cal’ vapor ~depost T on

The nethod gQfowhat i@hibera\f'@}@rb@i\%eﬁ%bgu@m@% %@W dnd a2 8 IpRGEHN BhivaIh QU at a

t enperature
than 200 mtorr, using silane or disilane as a source.

8.  The method of claim 1, wherein said SiGe layer of said composite silicon layer, is
selectively grown to a thickness between about 20 to 150 Angstroms, with a

germanium content between about 20 to 40 weight percent.

9. The method of claim 1, wherein said SiGe layer is selectively grown via ultra-high

vacuum chemical vapor deposition (UHV - CVD) procedures.

10. The method of claim 1, wherein said SiGe layer is selectively grown at a temperature
between about 400 to 800° C, and at a pressure less than 200 mtorr, using silane or

disilane, and germane as reactants.

11. The method of claim 1, wherein said overlying silicon layer of said composite silicon

layer, is selectively grown to a thickness between about 5 to 100 Angstroms.

12.  The method of claim 1, wherein said overlying silicon layer is selectively grown via

ultra-high vacuum chemical vapor deposition (UHV - CVD) procedures.



bet ween about 400 to 800 C, and at a pressure less than 200 ntorr, using
silane or disilane, and gernmane as reactants. 11. The nmethod of claim1l,
wherein said overlying silicon |ayer of said conposite silicon layer, is
selectively grown to a thickness between about 5 to 100 Angstrons. 12. The
met hod of claim 1, wherein said overljing silicon layer is selectively
grown via ultra-high vacuum chem cal vapor deposition (UHV - CVD)
procedures. 14 13. The nmethod of claiml, wherein said overlying silicon

| ayer is,sel.gctivel rown. at. a .tenperature hetween .abqut. 400 to 8000 C,
o ot o br eCbupetpd oL Wadeih SER BvanEG scar Fia® ke i 462 o
source. 14. i rei I i r yer. 1s a
11 con i oxt BeaEre BevRn bV 1o P aHa3Ph Phedh 1O 0B b Hind 2, 0
sai d gate i nsldhadMisilaay es a ksur&@Pt ai ned at a thickness between about 5 to 80
Angstrons, via thermal oxidation procedures perforned at a tenperature

bet ween about 600 to 900 C, in an oxygen - steam anbient. 16. A nethod of
form ng CMOS devices featuring a channel region fornmed in a selectively
grown, cbhpoBieractbod picddaim hyverereindaid gita insalatordayep i sikicopidioddngdtayer i s
conpri sed of, qt | east a strained SiGe |ayer and an overlying. silicon

| ayer, conpriPl3gr BKer-steps of: providing a first region of said

sem conductor substrate to be used as an NMOS region, and providing a
second region of said sem conductor substrate to be used as a PMOS region;

form ng 1551.6”Tlﬁ%&tﬁ@&‘@hclhi%@i,ﬂﬁﬁé?&n@acﬁl )ateriﬁajlﬁ&fslaﬂlé} i%}&%ﬂ?@&ta{ PiScKAkssSal d

sem conduct or substrate, wt a top portion of eac region rteaturing

tapered si deswednaboundta8(PAWEStlontsedia@kerinal @xidafopprocediteDperforindd RIS
region, and formng an N
temperature between about 600 to 900° C, in an oxygen - steam ambient.

16. A method of forming CMOS devices featuring a channel region formed in a selectively
grown, composite silicon layer, wherein said composite silicon layer is comprised of
at least a strained SiGe layer and an overlying silicon layer, comprising the steps of:
providing a first region of said semiconductor substrate to be used as an NMOS
region, and providing a second region of said semiconductor substrate to be used as a
PMOS region; forming shallow trench isolation (STI) regions in top portions of said
semiconductor substrate, with a top portion of each STI region featuring tapered
sides; forming a P well region in a top portion of said NMOS region, and forming an N
well region in a top portion of said PMOS region; selectively depositing a composite
silicon layer on the top surface of said P well region and on the top surface of said N
well region, with said composite silicon layer featuring tapered sides, resulting in V-
groove openings located between said tapered sides of said STI regions and tapered
sides of said composite silicon layer, and with said composite silicon layer comprised

of a silicon layer, a strained SiGe layer, and an overlying silicon layer, depositing an



well .region in a top portion of said PMOS region; selectively depositing a
conposite silicon layer on the top surface of said P well region and on
the top surface of said N well region, with said conposite silicon |ayer
featuring tapered sides, resulting in V- groove openings |ocated between
said tapered sides of said STI regionsg and tapered sides of said conposite
silicon layer, and with said conposite silicon |ayer conprised of a
silicon layer, a strained SiGe |layer, and an overlying silicon |ayer,
depositing an léS insul ator, layer; renovi ng‘?porti on of insulator_ |ayer from
the top sur fASE2EF laysh gemedngBiteR of Hshlatar dayer Hpay the gapngurfage of $2id nsul at or
filled V-grogves locate etween..sai d_ STl jons and . sajd.c osite
silicon | ayecro?{npecl)rsllée {nﬁ%l‘ra Pr%%yf/r r(%S(lInHP%}%lﬁsujat?ﬁéﬁ%%?fgr%%veﬁfocakgibag%r%gtsi”gi ng
silicon | ay (e n?;SH} kXl i . 1 r : tom
portion of glfldrg%l&g% %%/(?Sr?gd és({ 1 cgﬂkl?g?rggy%?gﬁ%ﬁg%ﬁ%%%d%?%gtgﬁ? E? %8%?%\%\,{1& ein
sai d STl regiaiheveslygsilldod ¢tayepw fdemfisilicod didxade @ fng@Mehlays@esotton®r Ned to
a depth between about 3000 to 6000 Angstrons in said sem conductor
substrate. I®rtidhef saist dnedlyolg stlicondaye8, wherein said conposite silicon |ayer
is obtained via ultr a-high vacuum chem cal vapor deposition (UHV - CVD)
procedures, at a tenperature between about 400 to 8000 C, and at a

pr essur el1.esBhetthetho®ofxlamol ¢, whein Sk STktegmds afe sdican kit fillat ehaiow tsmichl Si Ge
| ayer is grown on_an underlying silicon _layer. 20. The nethod of claim 16,
wher ei n sai hapgs; Esme 49 a depph bstiyegn abay3Hi0p do 6900 Apgstroaysain saidunder | yi ng |
said SiGe |ayer, is sel %Cfri vely grown to a thickness between about 0 to 100
Angstroms, USPREPPIPFRRIOSIASi si | ane as a source.

18. The method of claim 16, wherein said composite silicon layer is obtained via ultra-high
vacuum chemical vapor deposition (UHV - CVD) procedures, at a temperature

between about 400 to 800° C, and at a pressure less than 200 mtorr.

19. - The method of claim 16, wherein said SiGe layer is grown on an underlying silicon

layer.

20. The method of claim 16, wherein said silicon layer of said composite silicon layer,
underlying said SiGe layer, is selectively grown to a thickness between about 0 to 100

Angstroms, using silane or disilane as a source.

21.  The method of claim 16, wherein said strained SiGe layer of said composite silicon

layer, is selectively grown to a thickness between about 20 to 150 Angstroms.

22.  The method of claim 16, wherein said strained SiGe layer of said composite silicon
layer, is selectively grown with a germanium content between about 20 to 40 weight

percent.



21. The nethod of claim 16, wherein said strained SiGe |ayer of said
conposite silicon layer, is selectively grown to a thickness between about
20 to 150 Angstroms. 22. The nethod of claim 16, wherein said strained SiGe
| ayer of said conposite silicon |l|ayer, is selectively grown with a

ger mani um cont ent between about 20 tog0 weight percent. 16 23. The

nmet hod of claim 16, wherein said strained Si Ge | ayer of said conposite
silicon layer, is selectively grown using silane or disilane, and gernane

as react ant 24. . The i h f clai. 6. in said,overlyjng.silicon

| ayer of %;ai&&hechﬁ‘B% of ‘ggg’? ?g’c‘gl}f’re‘f‘ é?g] Fflralflg(y\gg{egléi’eir \92 sgd ﬁpméi{eosgéfof‘ hi ckness
bet ween abo ] J: ISk a source. 25.
The ot hod o ye?l "{3?#51{%3 m%g%?‘rgﬁ’ggﬁ%&%ﬁgﬁﬂa{kﬂ%%“?g?@r& hgg: CHEil1 said
V-groove openings, is a silicon oxide |ayer, obtained via deposition of a
silicon oxide |layer at a thickness between about 100 to 1000 Angstrons.

26. The Pt hbet méthod af cinih® | 6, Whieran said emerlydhg sificapliageri af said@bmposigysiliconsed t o
formsaid insulator filled V- grooves, is acconplished via reactive ion

et chi ng pr oclawir sseleotpvelyraovwetpraghickness beivween aboutiiep 408 Angptgons |usingn

di oxi de gate.insul ator |ayer is obtained at a thickness between about 5 to
80 AngstronﬁwaW?Q“ﬁﬂgpﬁﬁﬁ &%™tfati on procedures perfornmed at a tenperature
bet ween about 600 to 900 C, .in an oxygen - steam anbient.

25. The method of claim 16, wherein said insulator layer, used to fill said V-groove
openings, is a silicon oxide layer, obtained via deposition of a silicon oxide layer at a

thickness between about lOO to 1000 Angstroms.

26. The method of claim 16, wherein removal of said insulator layer used to form said

insulator filled V- grooves, is accomplished via reactive ion etching procedures.

27. The method of claim 16, wherein said silicon dioxide gate insulator layer is obtained at
a thickness between about 5 to 80 Angstroms, via thermal oxidation procedures
performed at a temperature between about 600 to 900° C, in an oxygen - steam

ambient.



