;tuedepFnD'6TFMR METHOD OF FORM NG A TRANSI STOR W TH A STRAI NED CHANNEL
BACKGROUND OF THE INVENTION ( 1 } Field of the Invention, T resent
invention relates to nethods used to fabricate sem cond@Wﬁ@”’ﬁWMﬂ ) and
nmore specifically to a nmethod used to fabricate a semc ce
conprised with a tensile or conpressivg strai ned channel retfon used for
performance enhancenent. (2) Description of Prior Art An i
approach for inproving the performance of a netal oxide Hmmﬂmmmmmwmr field
effect transistor (MOSFET), or of a conplinentary netal oxide sem conductor
(CMOS), device is the introduction of strain induced band nodPMPcati on for
nobi lity enhancenent to increase drive current. A conpressive strained
channel ) sudMETROROEFORMING-A FRANSHTOR WHEhASTRABYED C Lon silicon, has
significant hole nobility enhancenent. A tensile strained channel, such as
a thin silicon channel |ayer grown on relaxed silicon - germanium achieves
significant electron and hole nobility enhancenent. The nobst comon net hod
of introducing tensile NRAGKGEROEUNR QF THESNVENH®OMNe| region is to epitaxially
grow the silicon channel |ayer on a relaxed silicon - germanium (Si Ge),
| ayer or substrate. The ability to forma relaxed Site |ayer is paranount
in obtaining an overlying, epitaxially grown, silicon |ayer under biaxial
tensi | e stl) Bield of tholwrerdiont he att ai nnment of 2 the relaxed Site | ayer can be
costly and difficult to achieve. This invention will describe a process for
formng a tensile strained silicon or silicon germani um channel w thout the
use of an undBrelpyasen inventib@relatts & ethdds yesd.to Thscatersetaicdnductor deaosapd | s t he
i ntroduction of an elenment with a smaller atomc size than that of silicon,
into the mbieispepifically td methad used Wdubiiaste a anlicydictor devive comppiled with 4 tamile hannel
regi on. An exanple of such an elenment is carbon. The channel |ayer may
t her ef or eotvempeiEike istaitbd Ohanfidl kdgiva isedF6 peHtinidiide eatiaficemi@itbon, and have a
| attice constant smaller than that of the underlying silicon substrate. As
a result the channel |ayer will be under biaxial tensile strain. The
attainment of the silicon channel |ayer under biaxial strain, incorporated
into a CM2pDesesiptiva of idrlArcconput e to i nproved carrier transport properties
and thus enhanced MOSFET or CMOS performance. Prior art such as: Kibbel et
al, in U S Pat. No 6,313,001 6; Liawet al, in U S Pat. No. S, 891 )
769; Kawal cuban stiractive approath folSmpfoaing Ne@.pefforiidse 8fa/metilvkide senfidondusiobffidhd  Pat .
No. 5,906,951; Fitzgerald et al, in U S Pat. No. 6,29l,321; and Leoues et
al) in U SfectRahsisttddMOSFBEE ol da,complimedasandtdl @xife eavsadstof (IMOS) daviag St rai ned
| ayers formed on underlying Site | ayers. However none of the above prior
art s descistHednttodactinmufskraip indoed bardaswlificiiad formobiliiyenignesentito inoreasatiien i n
which a tensile strained silicon, or silicon germanium | ayer is obtained
Vi a i ncor puorstt iAciompfessive sadbmdichanhd, shitteasahicome igeimayien chanoel tagatgravmenc hannel
| ayer has a lattice constant smaller than the lattice constant of the
subst r at esilirat,dins signjficarn bolefobility enhanadinesy. Ahensilesstraiodd charmel] sikleas aShine | ayer) as
an underlying |layer during epitaxial growh of the tensile strained channel
| ayer . | nsilicon shanme¥leyer pown bh eelaxedsilicon r gérnariung hchiavesaignificantelbdiren addhale si | i con,
such as carbon, into the channel |ayer can be perfornmed during the
epi t axi al mghilgywrharetménn eTlehdsn@imnioa yethod of inttedutingtessilogamis atilion dpesdi ng
steps such as by ion inplantation. An exanple is 3 the gromh of a Site
channel | egenissmepittdialy gropl theilicbn ctiangd lagea ol @ refaxat silicohegeSidngind @iGe),. SUMVARY
OF THE | NVENTI ON

layer or substrate. The ability to form a relaxed SiGe layer is paramount in obtaining an

overlying, epitaxially grown, silicon layer under biaxial tensile strain, however the attainment of



It is an object of the invention to forma channel region for a MOSFET
device, via use of a sem conductor alloy |ayer characterized as bei ng under
bi axi al tensile or conpressive strain, depending on the anmount of

i ncorporation of an element with a smaller atom c size than that of

silicon. It is another object of this{nvention to epitaxially grow the

sem conductor alloy layer featuring bi%xial tensile strain on a single
crystalline silicon substrate, with the sem conductor alloy |ayer conprised
of silicon or silicon - germanium and an elenment with an atom c size

smal ler than that of silicon, such as carbon, resulting in a Sip, y~Cc,~ or
Si(, Xx~.~GexCy alloy layer. It is yet another object of this invention to
form a sil theostaxed pitietayed cay be costly dnH diffinli & dclidevty semi conductor alloy layer to
provi de the needed silicon for a silicon dioxide gale insulator |ayer,
obt ai ned via thermal oxidation procedures. In accordance with the present

i nvention a neThioivéntiedwill@edcalra adess for vabhd=altenkily stamed Gigtonl bi diligom-

sem conductor all oy channel region under biaxial tensile or conpressive
strain, eppérmxiigh thang @itlioudthe s¢ off axheridbyinpQretakeiNiGe layey STi Unddting cdricgn
substrate) is described A sem conductor alloy layer is epitaxially grown on
an under | yisii iftrdduion oS aténent with a¥naller latdehiSstA¥itiea it isHtsliEondintotMe SilR 61
conprised with an elenent with an atomc size different fromthat of 4

silicon. OafconUgbtmaminh 9ads B ©kd Rl {He Xlanfdl kdgfofN An eBBHRBALIEI hn eléidnboN, 1S
epitaxially grown on the underlying seni conductor substrate, exhibiting the

bi axi al t eRhrbéh. Ofhe CRANRE RFSinh® thivfeicib Be &phSAGf &ilton, (gBthafibANddB CarbGOhdan. |
t he carbon concentration y, is |low conpared to that of Ge) ie, y<0.1lx, the

Si (4 _X, r aCgave Q{atthc@)é&{staﬂt’@ﬂia@értﬁﬁn Wtﬁ'eﬁﬁnﬂéf@m?kﬁn&in@ubs‘rﬁt& hgs Qﬁﬁ\ﬁ’tqﬁb channel
concentratlon y, Is high conpared to that ie, y>O1x) the

Si ~, _=_y~Chyrwill belér bﬁ&ilaj tmsnésutaﬁn%é ﬁmﬁlhfeﬁldmeﬁméinlchﬁga ldy&RRkd Biakigyer is
next epltaX|aEy grown on the silicon - germanium - carbon’| ayer,

strain, incorporated into a CMOS device, will compute to improved carrier transport properties
and thus enhanced MOSFET or CMOS performance. Prior art such as: Kibbel et al, in U.S, Pat.
No 6,313,016; Liaw et al, in U.S. Pat. No. 5,891,769; Kawakubo et al, in U.S. Pat

No. 6,165,837; Chu et al, in U.S. Pat. No. 5,906,951; Fitzgerald et al, in U.S. Pat. No. 6,291,321,
and Leoues et al, in U.S. Pat. No. 5,659,187, all describe processes for forming strained layers
formed on underlying SiGe layers. However none of the above prior arts describe the novel
process described in this present invention in which a tensile strained silicon, or silicon -
germanium layer is obtained via incorporation of an atom into the channel layer, so that the
channel layer has a lattice constant smaller than the lattice constant of the substrate material,
therefore avoiding the use of a relaxed SiGe layer, as an underlying layer during epitaxial growth
of the tensile strained channel layer. In this invention the incorporation of an atom smaller than
silicon, such as carbon, into the channel layer can be performed during the epitaxial growth of the

channel layer, or during subsequent processing steps such as by ion implantation. An example is



foll owed by a thernmal oxidation procedure resulting in growmh of a gate

i nsul ator |ayer, with the oxidation procedure consumng a top portion of
the silicon capping layer. Definition of a gate structure is followed by
formation of a sourceJdrain extension region in an area of sem conductor
materials not covered by the gate strugture. After formation of insulator
spacers on the sides of the gate structure, a heavily doped sourceldrain
region is forned in an area of the sem conductor materials not covered by
the gate structure or by the insulator spacers. A rapid thermal anneal
procedure is used to activate the dopants in the sourceldrain region using
conditions designed not to disturb the strain in the channel region. Metal
si lici de r elgigonveth af £SiGe cheamuk] hyer kinkths nplaneticr aficarbamidtoglat SGslayetict ures wit h an
option of renoving the silicon - germanium- carbon alloy prior to the
silicidization procedure, then formng the netal silicide |ayer on the
heavily doped sourceddrain region located in the silicon substrate, thus
avoi ding silicidization i nvo3UMNMARY OF THE@EWBNTIONN and car bon atons) while
a second option entailing formation of netal silicide on raised
sourceldrain structures 5 BRI EF DESCRI PTI ON OF THE DRAW NGS The obj ect
and ot her advamntiogebjeifof thaiitvention ol B claiifel Rgidh foi @ MOSHBEF detiet, tilasepr af er r ed
enbodi ment with reference to the attached drawi ngs that include: Figs. 1 -
9, which sghresabhegs allay.layerchafabisszes 8CBeing Rder Bikial Gensik®F ESnpa@sivelytaifit ages
enployed to to fabricate a MOSFET device featuring a sem conductor all oy
channel  r egiRidifdénthGnolntSif icHiPOrafic dTamblbtient witid SRillerGhatid@le tha @aPoE UNder
bi axial tensile or conpressive strain, epitaxially grown on an underlying
single crysfignl i ne silicon substrate. DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS The net hod used to fabricate a MOSFET device featuring a

sem conduct or all oy channel region such as a silicon - germanium - carbon

channel regi 0N sGAIRE b5ES o EivertioR ¥d Phtaxiaff SlokandemORRESSbY Ryed! I &i N,
wherein the silicon - germanium - carbon tensile strained |ayer is forned

on an underglajhifighiidhdie S dlphenblaline Akod WSS Wth ¥LGiOALRE descr i bed

in detail. Sem conductor substrate 1, conprised of P type, single

crystal |'i ngeitlyeCRhprided of St &&ﬁiéﬂ%ﬂﬁ&duﬁ@&d&n%ﬂﬁw with af dtGmic Yize shidfler
critical layér 'needed to provide a channel "region under the desired strain,
whi ch W || gah et shRilitdaesueinaass id infalfsfln tg; CaGE.| lver. Next
addressed. To ob?gli 1%diém|€2yer uﬁgée%lmg%lg%isgll'”@f)’g]rssilﬂl‘xép%ﬁ 3]?) 4 l:i/!\(/;ért hout having to
grow the layer on an underlying, relaxed silicon - germanium | ayer,
requires the i RGOfePMothbrl MiecOdf tiad iRVaRtidn th PorinRQiliSsHBAfMARr S BORRLIyingY er |
wherein the lattice constant of the incorporated atomis snaller than the
lariice conghicontuctdr alidylldyei8 prolie tieheds@silicom§te b sili@Ridioide gdty ingilaieywl t h at a
specific thickness, and with the incorporation of a specific 6 anount of
smal | er | abobthii@ vid thérmal orlabdidh pRdckdidest he desired tensile strained)

sem conductor alloy to be present on an underlying single crystalline
silicon substrate thus negating the need of an underlying, relaxed | ayer of
silicon - ger Mhitctiidanéd VaEthSIHE PresdhitGiVefitidnia Schtiol Osell BEGBricaR AN ST Uevise t he
carbon atom allowing a silicon - germanium - carbon | ayer to be

epi t axi al | Yea@tiayWisePitorduetor G EhadineN Bgivh Diebisiday fehdlk bl dbpfekdive@@din, SUDSE T at e,
exhibiting the desired biaxial tensile strain. Note that a conpressive
strained clegimxigly, gréwin aasn(_ﬁeﬂ;ih%' $ingld drystafife silicOE kubBinitd) 19 dedeabdacla | ayer gown on
a silicon substrate, has significant hole nmobility enhancenent. The

i ntroduct i eenicnditcs WRT 1AL ita@d) Yriwn@h af Gidefind ficbdubstfiel WDAe - ger mani um
channel | ayer results in the achievenent of tensile strain. Tensile strain
| eads to bedniiconbiReor bIRY 18LohpHRd WRPhA ddnkenCRNARGERINR ize diffetenCRIM that@E! MaNI UM -
carbon | ayer 2, schematically showmn in Fig. I, is epitaxially grown) using
ultra high vacuum chem cal vapor deposition (IJHVCVD), procedures, at a

t enperature between about SO0 to 800 C, using silane or disilane as a
source for silicon, while using a carbon precursor such as nethylsil ane.
The thickness of silicon - germani um carbon |ayer 2, should be |less than
the critical thickness above which spontaneous strain relaxation occurs,
therefore between about 20 to 500 Angstrons. The carbon content is between
about 0 to 4 % or a carbon nole fraction between about 0 to 0.04. To
insure that the tensile strain is incorporated in the Si(i~.ytGxCy |ayer,
the carbon nole fraction y, has to be su~ciently high conpared to the
germanium nol e fraction, ie, y>O1x. The exanple of silicon - gernmani um
carbon layer Z, shown in Fig. |, is for the option of first growi ng the
desired channel |ayers) followed by formation of shallow trench isol ation
(STI') regions in the channel |ayers and in the underlying sem conduct or

I T r 1 N T - o S ' I | I T



An optional silicon capping |layer, if desired, can next be grown for
pur poses of supplying the sem conductor naterial needed for a subsequent
thermally gown silicon dioxide gate insulator layer. This option wll
prevent loss if carbon atonms during the thermal oxidation procedure,
Therefore silicon capping | ayer 3a, is4§pitaxially grown on silicon -
germani um - carbon | ayer 2, at a tenperature between about 500 to 800 C,
using silane, or disilane as a source. The as - grown thickness for silicon
capping layer 3a, is determ ned by the thickness of the subsequent silicon
di oxi de gate insulator |ayer. Therefore silicon capping |ayer 3a, shown
schemat i cal §ifeoh NOfd sleh BmicbiuBloP My, tsFicéh LA RES B8 Neen apout 0 to 150
Angstrons, so that t%e %nfcnal t hi cﬁ’r?egs o%ghlgalh{&?]cgﬁ'%gnagﬁpgaémﬁwg?m%’b Cafter
growt h of amdeWsklsyhibchdSdibd Al Qi dinsul ator | ayer w |l be between
about 0 to looxﬁﬁéstrons. ShalfovltF@ﬁ?ﬁgﬁgg?g%ggﬁrf§?ﬁf¥W§E?BH§W',&&an now
be formed iMe SlahdefRBof 3P RleRGkbd 2o | 8 silicon - gernmani um carbon

€ C efrefio €. rgt%()%enéﬁfon k,gs low ctpmgﬂB(gtPtt N

| ayer 2) and in a top portion sem conduct o 1. This is

acconpl i shegqgii@ W@8hik thd ¢;on &f | trench.shapes.in the above nentioned
| ayers, using blo’rﬁen{(’i onat™ b%’gi}%a?ﬁgﬁsgwg'ﬁﬁssgfﬁu&‘ ?Fﬁhﬁﬁ“ ocedur es,

wherein Cl nt. for.silicon r.sili,gon - .

ger mani um 2c ogéglr] bon S/'A? i fgéﬁ%ﬁrﬁfb tﬁ#t%F ﬁ% ‘D IX(>)(§‘ Bt 888%pn U Epfayen extibits tsngles i ne

t he shal | owt: : .silicon.axide |ayer..is deposited via | ow
pressur e cﬁ%ﬁﬁ?ﬁﬁﬂﬁgggﬁﬁg33%3?%?%%3?1 n o the silican rgergiapium  sabn et c al
vapor deposition VD) ) ..pr.ocedures, conpletely filling the shallow trench
shapes. Tet%r) I?'fet % g&frﬁngis‘i)"ﬁ%é%'l ‘goﬁ'ﬁﬁﬁf‘f'it“}gs‘“ grouli of @ ity wsulator laysr, M thei | | con

Vayer sn) IRRIRar@RE Bl g oo piHional s e sapeie v Rebriten opasiech ng
Ctohnt o bt Eaolef HEToRRuEt s suycr i iersby Fma nep s et oy <hown
cem conduct = REREEFrel by el e ST prmatonsy Baktoraraost i e ager man um
egrons. 4, g grsLR e porsd Sl een ¥ e sraeal dysomEmBRoS || con
curtace portirmebelBoercbbs e gue it ardy Fiemintor et Sy oo i ons.

Cemper at ur 8 EteEuR d dans B e soutietdcin iy i condicsdiiminont . to a
t hi ckness . t 0 100 .Anqstrons. The deqree of oxidation, as
wel | as thg?%%ﬁﬁpgsggﬁP%g%é%?wﬂ?g?Tﬁ?%ﬂﬁﬂgﬁﬁﬁﬂﬂﬁaﬁayﬁﬁd8&@°ﬁ§§ﬁ#@@lin a

final thicgaﬁé en apbout. 0 to 100 .Angstrons for final silicon

cappi ng | ayer %g%cg??ste% PPN of ghroxie é\”&'&‘éﬂ‘drgér.ma{“fﬁmaﬂf’d'i’ct“ia%y Rrieetotthg n,

final sili g i Vel L£nsures that .t he peak of the inversion charge
density wi ?F&HB% i rg&f:’ “g’r%ﬁeé‘lfg?“é“&i‘%r{“%‘g ﬁ‘h‘i“%“g@ﬁpﬁﬁ the hepyily dpped sougeedrpinmni um -
carbon | aygk; 4ntrinsic, polysilican I, r..is next deposited at a

t hi ckness Eegato\%vleoéér?& a %tsmgﬂ'(f U?sgmﬁﬁglﬁf aﬁ?@ﬂ% ?‘@%ﬁ‘f""?ﬂ '&"°E’P'EWDW§5P 8TBEUR  usi ng
sil ane, or adicsd sgurce. . A phot or esi.st shape) . pot shown in the
drawi ngs, is c%g%ﬁﬂgggg'h%aas%"g°%1tf°|"8&/a'§"grf«r3'§'@f'??/%fs e&ﬁs")é’!‘@i‘?f‘ MR E)
procedure &ﬁﬂg@&hgg$%&kysilicon gate structure 6, on silicon dioxide gate

i nsul ator |ayer 5. IS is schematically shown in Fig 4. Renoval of the
phot oresi st shape is acconplished via plasnma oxygen aching and wet clean
procedures, with a final buffered hydrofluoric (BHF) cycle of the wet clean
procedure renoving the portions of silicon dioxide gate insulator |ayer S)
not covered by polysilicon gate structure 6. The conpletion of a MOSFET
device, Featuring nmetal silicide layers forned on the polysilicon gate
structure, and on tire source/drain region |ocated in the silicon capping
and silicon - germanium - carbon |layers) is next addressed and
schematically described using Figs. 5 - 6. Sourcelddrain extension region 7)
is first formed in portions of silicon capping |layer 3b, of silicon -
germani um - carbon layer 2, and in a top portion of sem conductor substrate
1, not covered by polysilicon gate structure 6. This is acconplished via

i npl antation of arsenic or phosphorous ions) at an energy |ess than 10 KeV,
at a dose between about 1E15 to 1E16 atonslcnR2. Next an insulator |ayer
such as silicon oxide or silicon nitride is deposited at a thickness

bet ween about 500 to 2000 Angstrons) via LPCVD or PECVD procedures. A

sel ective, anisotropic R E procedure, using CHF3 or CFA as an etchant) is

t hen enpl oyed to define insulator spacers 8, |ocated on the sides of
polysilicon gate structure 6. Heavily doped source/drain region 9, is next



polysilicon gate structure 6) or by insulator spacers 8 This is
acconplished via inplantation of arsenic or phosphorous ions, at an energy
bet ween about 1 to 50 KeV, at a dose between about 1E15 to 1E16 atonsl cne.
A rapid thermal anneal (RTA) procedure is next perfornmed at conditions
needed to activate the inplanted ions, -however w thout strain relaxation of
the silicon germanium - carbon | ayer. ths is acconplished at a tenperature
bet ween about 850 to 1100 C, for a tine between about 1 to 60 sec. The
result of these procedures is schematically shown in Fig. 5. Metal silicide
regions 10, shown schematically in Fig. 6, are next selectively fornmed on
exposed portions of polysilicon and silicon. A netal |ayer such as
titanium tantalum tund@RIERDESCBIPGION OF TBBHRRAWINGST i rst deposited via

pl asma vapor deposition (PVD) procedures, at a thickness between about 20
to 200 Angstroms. RTA procedures are next enployed at a tenperature between
about 400 to 700he@bjebtoand ather ateanipgts/od ¢his iadotirn abe est d6&ribelon the prefeoedn net al
silicide regions 10, on polysilicon gate structure 6) and an heavily doped
sour ce/ dr ai embodighenrwith refecentd to e aticheddrewiagsakht ineludd:, | ocat ed on i nsul at or
spacers 8, and on STl regions 4, are selectively renoved via wet etch
procedures, using a solution conprised of HZOZ - HC - NH OH - H2SO, . Metal
silicide regi ongigd @ - 9owhilgh schedtialy, i drbseisectibhabsijle)destibel i) ieges tagdyed tim
silicide, tungsten silicide) nickel silicide, or cobalt silicide, are
fornmed on t heriRate b MOSFET dedadfedtiring @pamicontubicrallsl chiriel rédnictSs a bideat-ed i n
silicon capping layer 3b, and in silicon - germanium - carbon |ayer 3. A
second opt | @&mifurk hearfoa chahél eégionf und&tbiakiaRbdsilCord8mpregive Rair) BpifaQslly igfswn Of
heavi |l y doped sourceldrain region 9) |ocated only in sem conduct or
substrate 1y Jitinderlying 3imgle bibthlideamicol sibstratdl Sel ective renoval of exposed
portions of silicon capping |ayer 3b, and of silicon - germani um carbon

| ayer 2, perfornmed after insulator spacer formation, prior to netal
silicide formation. The selective renoval procedure, perfornmed either prior
to, or after heavily gpRERITIONOF THEPREFERREDIENBODINE:REE ONPl i1 shed via dry
et ching procedures using C2 or SF6 as an etchant for exposed silicon. This
is schematically shown in Fig. 7. Metal siliade fonmation, performed using

i dentical procegny fshodluséd toRibAtatd AMOSERT EFicPTetiiifpbSSedicOkRfa6t0r ANGchthet e
prior option, nowresults in netal silicide regions 10, |ocated on portions

of heavily ¢pReeuchaE SROAL Bdrfadid] Afboll chahRF ALRA, BRbised ndSLBTdxEPIBANIE HOT
substrate 1, not on heavily doped regions |located I1n the tensile strained,
silicon ger oamipréssive stfadt, WActeih @i Qllicona et fiuh D Carbehensild srbined IRyeEM Edomied &Pt i on.
The result of this option is schematically shown in Fig. 8 A third option
used to avosuridedyifatsingle cbtalliasilidaosvbstrkte il A6 8Os dIdlin Aetail. I S2hicoductor t he
tensile strained silicon - germanium - carbon |ayer, and to prevent
consunpt i onsubktratdl, Sothpis&d of Plype 'Gngleeystillih@dilicon, lid skdlid kenemmichliynhgwndsedure) is
t he use of raised sourceddrain structure) described schematically in Fig.
9. After foFigal iTha cificall@r rliicditéproviexd ehaieogibegliderthe/desited stdin, mdidh wilRPPi NQ
|l ayer 3 b, in silicon - germanium - carbon layer 2, and in a top portion of
sem conduct providens enhadcemént oftRispakticairieds S ABRT ddarbssed. TdebidiRd Ryer GRiRCHdxdal 8, ON
the sides of polysilicon gate structure 6, a procedure used to selectively
grow si | i corngia steapwitipgt Haing topRGw the la5€Hon e slleing, RlekeIkHicom- de@inh 7, 1S
performed. The selective epitaxial growh procedure is perfornmed at a

t enper at ur elapretreqees ddiatdrpdtiidn oatSnto theltabsbgheft ch@id Jayer] whkréin ihangicand
hydrogen chloride as a source) resulting in the growth of raised

sour ceJdr ai ronsthiit € the ineSrpdrated ati MAGRSr tHAE the e A6nstahtUT i8R0 TRECh@EL | ons  of
source/drain extension region 7. Raised source/drain structures 11, can be
doped in e, 2pitaxially grows with 8 sPecilicitticknbs, aadihith ihe cdtbordfichl of 8 speéific Phosphi ne
to a silane or disilane anbient, or raised source/drain structures 11) can
be grown intrinsically than doped via inplantation of arsenic or
phosphorous ions. Formation of netal silicide regions 10, again perforned
usi ng identical procedures and netal |ayers as previously described in the
prior options, nowresults in netal silicide regions 10, |ocated on top
surface portions of raised sourceddrain region 11, not on heavily doped
regions located in the tensile strained, silicon - germanium- carbon

| ayer, thus avoiding possible involvenent of germani um and carbon ions in
the tensile strained silicon germanium - carbon channel |ayer, during the
nmetal silicide formation procedwe. The result of this option is
schematically shown in Fig. 9. Finally passivation, contact hole etch,
nmetal deposition and netal patterning procedures are perforned to conplete
the fabricatson of the MOSFET device) featuring enhanced carrier transport

o " I [T 1 o N 1 Y S



13 Vd' hile this invention has been particularly shown and desc~bed with
reference to) the preferred enbodi nents thereof, it will be understood by
those skilled in the art that various changes in formand details may be
made w t hout departing fromthe spirit and scope of this invention What is
cl ainmed is. 14 1. A method of fabriqgting a sem conductor device
I ncorporated with a strained channel, ®¥n a sem conduct or substrate,
conprising the steps of. form ng a sem conductor alloy |layer on said
sem conductor substrate, wherein said sem conductor alloy |ayer is
conprised with a first elenent, a second elenment, and a third el enent;
formng a gate insulator |ayer overlying said sem conductor alloy |ayer;
form ng a nahaht axmelier keaite atoms wotldralldw e desitbd radle ttramad; is@tiomd(dboafidykp devi ce
stnacture conprising of a gate structure and source and drain regions
adj acent t oObdheserg@h @n sidethdiig single crystalline silicon substrate thus negating the need of an

underlying, relaxed layer of silicon - germanium. One such atom satisfying these conditions is the

carbon atom, allowing a silicon - germanium - carbon layer to be epitaxially grown on the

underlying single crystalline silicon substrate, exhibiting the desired biaxial tensile strain. Note

that a compressive strained channel, such as a thin silicon - germanium channel layer grown on a

silicon substrate, has significant hole mobility enhancement. The introduction of a substantial

amount of carbon in this silicon - germanium channel layer results in the achievement of tensile

strain. Tensile strain leads to both electron and hole mobility enhancement.

Silicon - germanium - carbon layer 2, schematically shown in Fig. 1, is epitaxally grown,
using ultra high vacuum chemical vapor deposition (UHVCVD), procedures, at a temperature
between about 500 to 800° C, using silane or disilane as a source for silicon, while using a carbon
precursor such as methylsilane. The thickness of silicon - germanium carbon layer 2, should be
less than the critical thickness above which spontaneous strain relaxation occurs, therefore
between about 20 to 500 Angstroms. The carbon content is between about 0 to 4 %, or a carbon
mole fraction between about 0 to 0.04. To insure that the tensile strain is incorporated in the
SigxyGeCy layer, the carbon mole fraction y, has to be sufficiently high compared to the
germanium mole fraction, ie, y>0.1x. The example of silicon - germanium carbon layer 2,
shown in Fig. 1, is for the option of first growing the desired channel layers, followed by formation
of shallow trench isolation (STI) regions in the channel layers and in the underlying

semiconductor substrate. However if desired the STI regions can be initially formed then



10 2. The nmethod of claim1l, wherein said sem conductor alloy layer is a
sem conduct or alloy conprising of silicon, germanium and carbon. 3. The
nmet hod of claim 1, wherein said sem conductor alloy is formed by epitaxial
growt h procedures. 4. The nethod of claim 1, wherein said sem conductor
alloy layer is obtained by an 15 epi t?fi al growth of a second sem conduct or
all oy conprising of silicon and germanium and inplantation of carbon atons
into said second sem conductor alloy. 5. The nmethod of claim1, wherein
said sem conductor alloy layer is silicon germanium- carbon |ayer,
denoted as Si<,.x.,,~ G:C~,, wherein x is between O to 0.8 and y is
bet ween about 0 to 0. 04. 15 The nethod of claim4, wherein said
seni conduct éilowgd byselpaiyeepitaxysprecedes, raspltingdn the geowtlbefdheilicon tegtmanigm| ar ger
than that of said sem conductor substrate, so that said sem conductor all oy
| ayer is undabondayeperesybstaptiallytthegiortiony of tiiwemiverdueidr wybstaicaionectupiedivath SiTh sai d
sem conductor alloy |layer has a natural Lattice constant tbat is smaller
t han t hat ofegwoas. dnadditiopdrechatbomatons hest! moitbe sntroduceddutring diedpitsial rovtbofther al | oy
| ayer is under tensile strain.

channel layer. The silicon - germanium - carbon layer may be formed by the epitaxial growth of

silicon - germanium, and subsequent ion implantation of carbon into the SiGe layer. The carbon
atoms may also be implanted on selected active or channel regions so that the un-implanted
channel regions are under compressive strain while implanted channel regions are under tensile
strain. The un-implanted compressive strained channel region may be used for P channel

transistors, while the tensile strained channel regions may be used for N channel transistors.

An optional silicon capping layer, if desired, can next be grown for purposes of supplying
the semiconductor material needed for a subsequent thermally grown silicon dioxide gate insulator
layer. This option will prevent loss if carbon atoms during the thermal oxidation procedure.
Therefore silicon capping layer 3a, is epitaxially grown on silicon - germanium - carbon layer 2, at
a temperature between about 500 to 800° C, using silane, or disilane as a source. The as - grown
thickness for silicon capping layer 3a, is determined by the thickness of the subsequent silicon
dioxide gate insulator layer. Therefore silicon capping layer 3a, shown schematically in Fig. 2, is
grown to a thickness between about 0 to 150 Angstroms, so that the final thickness of silicon
capping layer 3b, after growth of an overlying silicon dioxide gate insulator layer will be between

about O to 100 Angstroms.

Shallow trench isolation (STI) regions 4, can now be formed in silicon capping layer 3a, in



8. The method of claim1l1, wherein the thickness of said sem conductor all oy
| ayer i s between about ?0 to 500 Angstrons. 9. The nethod of claim1,
wherein said gate insulator layer is a silicon dioxide gate | O insul ator

| ayer. 10. The method of claim1l, wherein said gate insulator |layer is
thermally grown to a thickness betweenjabout S to 100 Angstrons. 16 11. A
nmet hod of fabricating a sem conductor %evi ce incorporated with a strained
channel ) on a sem conductor substrate, conprising the steps of. formng a
sem conductor alloy layer on said sem conductor substrate) wherein said
vem conductor alloy layer is conprised with a fast elenent, a second
elenment, and a third elenent; form ng a sem conductor capping | ayer on said
sem conduct silicoat ganatiay earborflayeni, agd ia adent @riionsd beariconductmy sibstareet. | Bhisng sai d
sem conductor alloy layer; and form ng a MOSFET devi ce structure conprising
agat e st r uchasoepland viaalefimgonend chatlovairench dgponsthadjoscmatioted Idybm, gag e

structure. 10 12. The nmethod of claim 11, wherein said sem conductor all oy
| ayer is a smmentionadlpietomasking and dryetphinggirovgdues, whaein Clger SR isi userd asamelclaatr bon,
obtai ned by epitaxial growth procedures. 13. The nethod of claim11,

wher ei n sai ¢br sitisonconiivet -gemahiumy chriyre rAfies remosa of thopttoedsit shagel ussd todeffmei Si ng
silicon, germanium and carbon, obtained by epitaxial growmh of a 15 second
sem conduct g sigllbw yrewh Rippess i silicon bxidd Iayet 3 depsitedyiatovapredsuneichartich! @por

i npl antation of carbon atonms into said second sem conductor alloy. 14, The
met hod of clgbglich(LPOVID), ot plashiaiehafict chart@Lidber depdsition (PEEWEY), procedirks) Con
germani um - carbon, denoted as Si(,.x.~ GexCy, wherein x is between about 0
to 0.8, andc&nﬂl&elpﬂﬁﬁﬁ&ﬂékhﬁlw&en& sh&peh) . Tedaethylorthosilicate (TEOS), is used as the source

for silicon oxide. Removal of silicon oxide from the top surface of silicon capping layer 3a, is
accomplished via a selective chemical mechanical polishing (CMP) procedure, or via a selective
dry etch procedure using CHF, as an etchant for silicon oxide, resulting in STI regions 4,
schematically shown in Fig. 3. If desired STI regions 4, can be defined in top portions of
semiconductor substrate 1, prior to epitaxial growth of silicon - germanium - carbon layer 2, and
of silicon capping layer 3a. The definition of STI regions 4, would then be followed by selective
epitaxial growth of silicon - germanium - carbon layer 2, and silicon capping layer 3a, only on the

top surface portions of semiconductor substrate 1, not occupied by STI regions 4.

Silicon dioxide gate insulator layer 5, is next thermally grown at a temperature between
about 600 to 1000° C, in an oxygen - steam ambient, to a thickness between about 5
to 100 Angstroms. The degree of oxidation, as well as the initial thickness of silicon capping
layer 3a, results in a final thickness of between about 0 to 100 Angstroms for final silicon capping
layer 3b, afier the oxidation procedure. In addition the thin, final silicon capping layer ensures

that the peak of the inversion charge density will be in a channel region comprised of silicon -



17 15 The method of claiml14, wherein said sem conductor alloy |ayer has a
natural lattice constant that is |larger than that of said sem conduct or
substrate, so that said sem conductor alloy |layer is under conpressive
strain. 16. The method of claim 14, wherein said sem conductor alloy |ayer
has a natural lattice 5 constant that s smaller than that of said

sem conduct or substrate, so that said Sem conductor alloy |ayer is under
tensile strain. 17. The nethod of claim 11, wherein the thickness of said
sem conductor alloy layer is between about 20 to SO0 Angstrons. 18. The
met hod of claim11l, wherein said gate insulator layer is a silicon dioxide
gate 10 insulatorlayer. 19. The nethod of claim 11, wherein said gate

i nsul at or | ageamanjum -cprbpmiayer 9. dyndpiinsicopolysifiepn dayprds sexhdspoaiiehatagiickness t o 100
Angstronms. 20. The nethod of claim 11, wherein said sem conductor capping
| ayer is conptwesesbontfS08 it 2008 Angsimms,via BV Diprperdereofsing FlEPereN 1, wherein sai d
sem conduct or capping |ayer has a final thickness between about 10 to 100
Angst roms. disilane as a source. A photoresist shape, not shown in the drawings, is used as a mask to allow a
reactive ion etching (RIE), procedure to define polysilicon gate structure 6, on silicon dioxide
gate insulator layer 5. This is schematically shown in Fig 4. Removal of the photoresist shape is
accomplished via plasma oxygen ashing and wet clean procedures, with a final buffered
hydrofluoric (BHF) cycle of the wet clean procedure removing the portions of silicon dioxide gate

insulator layer S, not covered by polysilicon gate structure 6.

The completion of a MOSFET device, featuring metal silicide layers formed on the
polysilicon gate structure, and on the source/drain region located in the silicon capping and
silicon - germanium - carbon layers, is next addressed and schematically described using
Figs. 5 - 6. Source/drain extension region 7, is first formed in portions of silicon capping layer 3b,
of silicon - germanium - carbon layer 2, and in a top portion of semiconductor substrate 1, not
covered by polysilicon gate structure 6. This is accomplished via implantation of arsenic or
phosphorous ions, at an energy less than 10 KeV, at a dose between about 1E1S to
1E16 atoms/cm’. Next an insulator layer such as silicon oxide or silicon nitride is deposited at a
thickness between about 500 to 2000 Angstroms, via LPCVD or PECVD procedures. A
selective, anisotropic RIE procedure, using CHF, or CF, as an etchant, is then employed to define
insulator spacers 8, located on the sides of polysilicon gate structure 6. Heavily doped
source/drain region 9, is next formed in portions regions of silicon capping layer 3b, silicon -

germanium - carbon layer 2, and in a top portion semiconductor substrate 1, not covered by



18 22. A nethod of fabricating a sem conductor device on a sem conduct or
substrate, featuring a strained channel |ayer, conprising the steps of
formng isolation regions in a top portion of said sem conductor substrate;
performng a first epitaxial growmh procedure to selectively grow a
strained channel 5 | ayer on substanti awy the portions of said
sem conduct or substrate not occupied said isolation regions; performng
a second epitaxial gowth procedure to selectively grow a capping | ayer on
said channel |ayer; formng a gate insulator |ayer overlying said capping
| ayer, and 10 form ng a MOSFET device structure conprising a gate structure
and source and drain regions adjacent to said gate structure. 23 The net hod
of clai m 22polysiisprsate Srrtyresy prlyAtsHlalonnarres 8 | Hjsas accamplished wia dpplantatiomel al | oy
| ayer conprising silicon, germanium and carbon obtai ned by epitaxial
growt h pr ocewenices phasghoyaus igseat preqnRiEY betvean|alipth1 32 50 Kgie piet dpsebatwees ehogt ned
channel layer is a sem conductor alloy |ayer conprising silicon, gernanium
and car bon, 1BBttailEEatoRsan; Adanidthemnabignenl G¥TA psasedyreds restweciomepdet or al | oy
conprising silicon and germanium and an inplantation of carbon atons into
sai d secondcoditiesneesd torctivate thyimplanted ions howener yithonotraip relaxptignmf the siligoer ej n
said sem conductor alloy layer is silicon germanium- carbon, denoted as
Si (~_x~, ~ Ceor@giiumh earbpmlayer.i Bhiieactomplishddatia tegperatu@ betweenrlioyt 856 topld Ok n
about 0 to 0.04. 26. The nethod of claim25, wherein said sem conductor
al | oy | ayer fdrasima betweanrabbut|lde 60 e Bhegesult pithesetphrmeduies islschematicallyrshomit inat  of
sai d sem conductor substrate, so that said sem conductor alloy |ayer is
under conpr &gsd.ve strain. 27. The nethod of claim 25, wherein said
sem conductor alloy layer has a natural lattice constant that is smaller
than that of said sem conductor substrate, so that said

Metal silicide regions 10, shown schematically in Fig. 6, are next selectively formed on

exposed portions of polysilicon and silicon. A metal layer such as titanium, tantalum, tungsten,
nickel, or cobalt, is first deposited via plasma vapor deposition (PVD) procedures, at a thickness
between about 20 to 200 Angstroms. RTA procedures are next employed at a temperature
between about 400 to 700° C, for a time between about S to 60 sec, to form metal silicide
regions 10, on polysilicon gate structure 6, and on heavily doped source/drain region 9.

Portions of unreacted metal, located on insulator spacers 8, and on STI regions 4, are selectively
removed via wet etch procedures, using a solution comprised of H,0, - HC1 - NH,OH - H,SO,.
Metal silicide regions 10, comprised of either titanium silicide, tantalum silicide, tungsten silicide,
nickel silicide, or cobalt silicide, are formed on the portions of heavily doped source/drain

region 9, located in silicon capping layer 3b, and in silicon - germanium - carbon layer 3.

A second option is the formation of metal silicide regions on portions of heavily doped

source/drain region 9, located only in semiconductor substrate 1. This is accomplished via



sem conductor alloy layer is under tensile strain. 10 28 The nethod of
cl-aim 22, wherein the thickness of said sem conductor alloy |ayer is

bet ween about 20 to 500 Angstrons. 29. The nethod of claim 22, wherein said
gate insulator layer is a silicon dioxide gate insulator |ayer. 30. The

met hod of claim 22, wherein said gate jpnsulator layer is thermally grown to
a 15 thickness between about 5 to 100 Ahgstrons. 31. The nethod of claim
22, wherein said sem conductor capping |layer is conprised of silicon. 20
32. The nethod of claim 22, wherein said sem conductor capping |ayer has a
final thickness between about 10 to 100 Angstronms. . AR AYa. Aa. Aa. AN . A

.A . A .ASE . Ae. Ayl . . . 5
selective removal of exposed portions of silicon capping layer 3b, and of silicon - germanium

carbon layer 2, performed after insulator spacer formation, prior to metal silicide formation. The
selective removal procedure, performed either prior to, or after heavily doped source/drain
formation, is accomplished via dry etching procedures using Cl, or SF as an etchant for exposed
silicon. This is schematically shown in Fig. 7. Metal silicide formation, performed using identical
procedures and metal layers, as previously described in the prior option, now results in metal
silicide regions 10, located on portions of heavily doped source/drain region 9, located only in
semiconductor substrate 1, not on heavily doped regions located in the tensile strained, silicon -
germanium - carbon layer, as was the case in the previous option. The result of this option is

schematically shown in Fig. 8.

A third option used to avoid formation of the heavily doped source/drain region in the
tensile strained silicon - germanium - carbon layer, and to prevent consumption of this layer
during the metal silicide formation procedure, is the use of raised source/drain structure, described
schematically in Fig. 9. After formation of source/drain extension region 7, in silicon capping
layer 3b, in silicon - germanium - carbon layer 2, and in a top portion of semiconductor
substrate 1, and after formation of insulator spacers 8, on the sides of polysilicon gate structure 6,
a procedure used to selectively grow silicon on exposed portions of source/drain extension
region 7, is performed. The selective epitaxial growth procedure is performed at a temperature
between about 400 to 800° C, using silane, or disilane and hydrogen chloride as a source,
resulting in the growth of raised source/drain structures 11, propagating upwards from exposed

portions of source/drain extension region 7. Raised source/drain structures 11, can be doped in



A y. AlUye . AQUSy. A{y. Ahyr. A9% Af 9. Asy. Al S49Ur gHJ e~8\

}." }xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] c<a]cTa! i ##X&) **. 111i 7999<@ANCSGHHKOOQRUUNU|
wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca]
‘ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! hUU'\y VCVFVWV' W WAV Xv XXXYCcYVYY" Zi ZZ
[2[5[[[\o\\\@c] }xsnid_Z]]ca] ca] ca] calTa] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]c
aJca] ca] ca]cal ca]ca]ca] ca]ca]ca]calcalcalcalcalcalc]]]# ' RU_ | "]ab\c_ccd>d
ddeqeeef Xffff6gfgig.jjll}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caJca] cal I kIl

mmmnnnnouqQo m% RRPRPHAOMGhitioh bf F¥&NbAIIhme]cAYinake alindld salcabea ca] ca] c

aJca] ca] ca]ca ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca9Ur gaB&1

00F& ()-!# . . o ati efidiS4 Y
L0 (- & o e o o B Gl B o Y

Y 1 109%& 1 V1
Tovr () SRR pa OB eh o 80 e ADo L Bl PO o R R

180/«'&}?;/&' ( %P rockdUHE ahd metd Qs 6 proBiOid dboeri@RPHE Dok optdh) Wew bdsutei Mg 10 10 10S
silicide regions 10, located on top surface portions of raised source/drain region 11, not on
heavily doped regions located in the tensile strained, silicon - germanium - carbon layer, thus
avoiding possible involvement of germanium and carbon ions in the tensile strained silicon -

germanium - carbon channel layer, during the metal silicide formation procedure. The result of

this option is schematically shown in Fig. 9.

Finally passivation, contact hole etch, metal deposition and metal patterning procedures are
performed to complete the fabrication of the MOSFET device, featuring enhanced carrier
transport properties via the use of a channel region comprised of a silicon - germanium - carbon
layer, under biaxial tensile strain. Although this invention was described for an N channel,
MOSEFET device, it is understood that the identical procedure for forming a silicon - germanium-
carbon channel layer, under biaxial tensile or compressive strain, can be applied to P channel

MOSEFET devices.
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While this invention has been particularly shown and described with reference to, the
preferred embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made without departing from the spirit and scope of this

invention

What is claimed is:
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1. A method of fabricating a semiconductor device incorporated with a strained
channel, on a semiconductor substrate, comprising the steps of.

forming a semiconductor alloy layer on said semiconductor substrate, wherein said
semiconductor alloy layer is comprised with a first element, a second element, and a
third element;

forming a gate insulator layer overlying said semiconductor alloy layer;

forming a metal oxide semiconductor field effect transistor (MOSFET) device
structure comprising of a gate structure and source and drain regions adjacent to the

gate structure.

2. The method of claim 1, wherein said semiconductor alloy layer is a semiconductor

alloy comprising of silicon, germanium, and carbon.

3. The method of claim 1, wherein said semiconductor alloy is formed by epitaxial

growth procedures.

4. The method of claim 1, wherein said semiconductor alloy layer is obtained by an
epitaxial growth of a second semiconductor alloy comprising of silicon and germanium,

and implantation of carbon atoms into said second semiconductor alloy.

5. The method of claim 1, wherein said semiconductor alloy layer is silicon -
germanium - carbon layer, denoted as Si, .., Ge,C, wherein x is between O to 0.8

and y is between about 0 to 0.04.
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¢ The method of claim 4, wherein said semiconductor alloy layer has a natural lattice
£ said semiconductor substrate, so that said

constant that is larger than that 0

semiconductor alloy layer is under compressive strain.

miconductor alloy layer has a natural lattice

7. The method of claim 4, wherein said se!
constant that is smaller than that of said semiconductor substrate, so that said

semiconductor alloy fayer is under tensile strain.

ckness of said semiconductor alloy layer is

3. The method of claim 1, wherein the thi

between about 20 to 500 Angstroms.

9. The method of claim 1, wherein said gate insulator layer is a silicon dioxide gate

10 insulator layer.

10. The method of claim 1, wheretn said gate insutator Jayer

thickness between about 5 to 100 Angstroms.

is thermally grown 10 @

10%
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11. A method of fabricating a semiconductor device incorporated with a strained
channel, on a semiconductor substrate, comprising the steps of.
forming a semiconductor alloy layer on said semiconductor substrate, wherein said
semiconductor alloy layer is comprised with a first element, a second element, and a
5 third element;
forming a semiconductor capping layer on said semiconductor alloy layer;
forming a gate insulator layer overlying said semiconductor alloy layer; and
forming a MOSFET device structure comprising agate structure and source and

drain regions adjacent to the gate structure.

10 12. The method of claim 11, wherein said semiconductor alloy layer is a semiconductor
alloy comprising silicon, germanium, and carbon, obtained by epitaxial growth

procedures.

13. The method of claim 11, wherein said semiconductor alloy layer is a semiconductor
alloy comprising silicon, germanium, and carbon, obtained by epitaxial growth of a
15 second semiconductor alloy comprising of silicon and germanium, and an implantation

of carbon atoms into said second semiconductor alloy.

14, The method of claim 11, wherein said semiconductor alloy layer is silicon -
germanium - carbon, denoted as Sijj..y Ge,C,, wherein x is between about 0 to 0.8, and

y is between about 0 to 0.04.
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15 The method of claim 14, wherein said semiconductor alloy layer has a natural lattice
constant that is larger than that of said semiconductor substrate, so that said

semiconductor alloy layer is under compressive strain.

16. The method of claim 14, wherein said semiconductor alloy layer has a natural lattice
5 constant that is smaller than that of said semiconductor substrate, so that said

semiconductor alloy layer is under tensile strain.

17. The method of claim 11, wherein the thickness of said semiconductor alloy layer

is between about 20 to 500 Angstroms.

18. The method of claim 11, wherein said gate insulator layer is a silicon dioxide gate

10 insulator layer.

19. The method of claim 11, wherein said gate insulator layer is thermally grown to a

thickness between about 5 to 100 Angstroms.

20. The method of claim 11, wherein said semiconductor capping layer is comprised of

silicon.

15 21. The method of claim 11, wherein said semiconductor capping layer has a final

thickness between about 10 to 100 Angstroms.
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22. A method of fabricating a semiconductor device on a semiconductor substrate,
featuring a strained channel layer, comprising the steps of*
forming isolation regions in a top portion of said semiconductor substrate;
performing a first epitaxial growth procedure to selectively grow a strained channel
5 layer on substantially the portions of said semiconductor substrate not occupied by said
isolation regions;
performing a second epitaxial growth procedure to selectively grow a capping layer
on said channel layer;
forming a gate insulator layer overlying said capping layer; and

10 forming a MOSFET device structure comprising a gate structure and source and

drain regions adjacent to said gate structure.

23 The method of claim 22, wherein said strained channel layer is a semiconductor
alloy layer comprising silicon, germanium, and carbon obtained by epitaxial growth

procedures.

15 24. The method of claim 22, wherein said strained channel layer is a semiconductor alloy
layer comprising silicon, germanium, and carbon, obtained by epitaxial growth of a
second semiconductor alloy comprising silicon and germanium, and an implantation of

carbon atoms into said second semiconductor alloy.
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Ent r yWor dDoc uneérmfnium - carbon, denoted as Siy.,, Ge,C, wherein x is between about 0 to 0 8, and

y is between about 0 to 0.04.

26. The method of claim 25, wherein said semiconductor alloy layer has a natural lattice
5 constant that is larger than that of said semiconductor substrate, so that said

semiconductor alloy layer is under compressive strain.

27. The method of claim 25, wherein said semiconductor alloy layer has a natural lattice
constant that is smaller than that of said semiconductor substrate, so that said

semiconductor alloy layer is under teasile strain.

10 28 The method of claim 22, wherein the thickness of said semiconductor alloy layer

is between about 20 to 500 Angstroms.

29. The method of claim 22, wherein said gate insulator layer is a silicon dioxide gate

insulator layer.

30. The method of claim 22, wherein said gate insulator layer is thermally grown to a

15 thickness between about 5 to 100 Angstroms.

31. The method of claim 22, wherein said semiconductor capping layer is comprised of

silicon.



" #$UR' ()*+,-./0123456789: ; . N
<:>§@\882)EFG—|I JKLIMNOPQRSTUWKYZ[ \ ] " abcdef ghi j kl mmopqr s

20

32. The method of claim 22, wherein said semiconductor capping layer has a final

thickness between about 10 to 100 Angstroms.



