7 AUG 7006 METHOD OF FORM NG A TRANSI STOR W TH A STRAI NED CHANNEL
BACKGROUND OF THE INVENTION (1) Field of the Invention The present
invention relates to nethods used to fabricate sem conductor devices, and
nore specifically to a nethod used to fabricate a sem conductor device
conprised with a tensile or conpressive strained channel region used for
per f ormance enhancenent (2) Descriptioh of Prior Art An a@%ractive approach
for inmproving the performance of a netal oxide sem conduc AUG 7086 0 ef fect
transi stor (MOSFET), or of a conplinentary netal oxide sem conduct or

(CMOXS), device is the introduction of strain induced band nodification for
nmobi l ity enhancenent to increase drive current- A conpressive strained

channel , suMETROROFFORMING A FRANSINTOR WIEH ASTRABYES CAARWRLON 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 nost common net hod

of introducing tensile BACHGROUND G THEPOVERADRE! region is to
epitaxially grow the silicon channel |ayer on a relaxed silicon - gernmani um

(SiGe), layer or substrate. The -ability to forma relaxed SiGe |ayer is
paranount in obtaining an overlying, epitaxially grown, silicon |ayer
under bi af) Bkld bPRSInvEtish r @l N, however the attainment of 2 0 7 AUG 2006 the
rel axed Si Ge | ayer can be costly and difficult to achieve.

The present invention relates to methods used to fabricate semiconductor devices, and

more specifically to a method used to fabricate a semiconductor device comprised with a tensile

or compressive strained channel region used for performance enhancement.

(2) Description of Prior Art

An attractive approach for improving the performance of a metal oxide semiconductor field
effect transistor (MOSFET), or of a complimentary metal oxide semiconductor (CMOS), deviﬁe
is the introduction of strain induced band modification for mobility enhancement to increase drive
current. A compressive strained channel, such as a silicon - germanium channel layer grown on
silicon, has significant hole mobility enhancement. A tensile strained channel, such as a thin
silicon channel layer grown on relaxed silicon - germanium, achieves significant electron and hole
mobility enhancgment. The most common method of introducing tensile strain in a silicon channel
region is to epitaxially grow the silicon channel layer on a relaxed silicon - germanium (SiGe),
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



This invention will describe a process for formng a tensile strained
silicon or silicon - germani um channel w thout the use of an underlying

rel axed Si Ge |ayer. The underlying concept co is the introduction of an
element with a smaller atomc size than that of silicon, into the silicon
or silicon - germanium|layer to be used for the channel region- An exanple
of such an elenent is carbon. The chanBel |ayer may therefore be conprised
of silicon germanium and carbon, and have a lattice con8fawW 280fal | er than

that of the underlying silicon substrate. As a result the channel |[ayer
wi |l be under biaxial tensile strain. The attainnment of the silicon channel
| ayer under biaxial strain, incorporated into a CMOS device, wll conpute

t o i NprovedhERhkddiGe b sRYe Lok | nd thus enhanced MOSFET or CMOS
per f or mance. Priorlarﬁﬁﬁuch a%;§%ﬁ§@§F§§Pa§T?“in U.S. Pat. No 6,313, 016;

Liaw et a], in US Pat- No. 5,891,769, Kawakubo et al, in U S. Pat. No.

Pt - ho- 6, 201, 31 ioh il e PhroediPror R s v g g g6 "ol
desor | e, PRARRRRRSMAAL HORTVAG U BUAEALEISIS, LOMErRn el L9 S C
Si 11 con - oo ah akiAE R P el o HegiarLatsrmmom e Hicahen nt o f he
Chan t he | ST Eomhrah ke ia pE PRLIE s hattectinn, dnpampe of ek T dameniayo! i ng
arowtn of *Reoh CHE g s NS rdon Rerompadol siein enreninmeoviom e
Cheoner” o8 s B BFR bl AL b o s o el
Y ol oS S e 55 Th e o ot e w2 "

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, inU.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 aris 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 ebitaxial 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



3 07 AUG 2006 the growh of a SiGe channel |ayer and the inplantation of
carbon into the Si Ge | ayer SUVWARY OF THE RQWNTION It is an object of the
invention to forma channel region for a MOSFET deyi ce~ via use of a

sem conductor alloy |ayer characterized as being under biaxial tensile or
conpressive strain, depending on the anmount of incorporation of an el enent
with a smaller atomic size than that of3 silicon. It is apot gl ect of
this invention to epitaxially grow the sem conductor alloy |ayer featuring
biaxial tensile strain on a single crystalline silicon substrate, with the
sem conductor alloy |ayer conprised of silicon or silicon - germanium and
an elenment wwth an atomc size smaller than that of silicon, such as

car bon, resu{erg}d“gh&’ﬁS?G&ﬁaﬁﬂﬁlg}(erlndqﬁ?igxg)laﬁtaﬁdn:oﬁ:a%oﬁc%%g%lrg%1l ayer. It is yet

anot her object of this invention to ma Si Pdyer on the
underlying sem conductor alloy layer to provide the needed silicon for a
silicon dioxide gate inm ator |ayer, obtained via thermal oxidation

procedures. In accordance w MR "SRR i b on a nethod used to
fabricate a MOSFET device - eaturlgg a seﬂ#"%ﬁg t’t or alloy channel region
under biaxial tensile or conpressive.strain, ePitaxially grown on an

underlying sin I ilicon substrate, is described. A
Seni conduct or g:‘ﬁégf’?%g‘t‘h% @%ené? tgg?rg'lal angel seeion fpr MOSHiedevigs, Wa ussiafiac on

substrate, w.th, .conduct.or: all.oy | ayer conprised with an el ement
with an atom ¢ sdlijgkeraéllgf erré;ﬁ Pﬁ?‘f\at‘hﬁ‘ﬂg efi?*aé'a'#%mrmess@q frigon. One

such sem co Q si.licon - r mani um_- carbon, is epitaxially
grown on the ﬁﬁ‘g b ﬁ"k ngdnt ol mncorporation gfe mlzlaanent with a smaller atomic size tEa.n that of

silicon.
1t is another object of this invention to epitaxially grow the semiconductor alloy layer
featuring biaxial tensile strain on a single crystalline silicon substrate, with the semiconductor

alloy layer comprised of silicon or silicon - germanium, and an element with an atomic size smaller

than that of silicon, such as carbon, resulting in a Si, ,,C,,, or Si1..5Ge,C, alloy layer.

It is yet another object of this invention to form 2 silicon capping layer on the underlying

semiconductor alloy layer to provide the needed silicon for a silicon dioxide gate insulator layer,

obtained via thermal oxidation procedures.

In accordance with the present invention a method used to fabricate a MOSFET device
featuring a semiconductor alloy channé] region under biaxial tensile or compressive strain,
epitaxially grown on an underlying single crystalline silicon substrate, is described. A
semiconductor alloy layer is epitaxially grown on an underlying silicon substrate, with the

semiconductor alloy layer comprised with an element with an atomic size different from that of



under | yi ng sem conductor substrate, exhibiting the blaxial tensile or
conpressive strain desired for the channel region. If the carbon
concentration y, is |low conpared to that of Ge, ie, y<O 1x, the
Si~ ,,)G~ C layer exhibits conpressive strain. If the carbon
concentration y, is high conpared to that of Ge, ie, y>0O ,l.x, the
Si~]-X-Y)Ge.C. layer exhibits tensile 4train. A silicon @zZp‘wGerUﬁl ayer is
next epitaxially grown on the siftoon - germanium - carbon |ayer, followed
by a thernmal oxidation procedure resulting in growh of a gate insul ator
| ayer, with the oxidation procedure consum ng a top portion of the silicon
. cappi ng | ayer.. fini f'i on of a gate structure is followed by formation of
a source drarfPiereinsh spucoagics allay. sifronr esmarfuns exibom ickpittolly gt e fhal S not
covered by th ate structure. After formation of insulator spacers on the
si des of tH&%® ’EgesegltCP'EfElE@F substeate, eeipiting thedpsesidl temiler o edaprassive stegidesired &y f or med
in an area %f he sem conductor materials not covered by the gate
structure off®liAEehEegions {fithe @rbos prnsentrgtions, isdpi chniplved wakat anneal  procedure is
used to actify(?t,e t he dopants in the sourcefdrain region using conditions
desi gned nof! Y% ¥ Hifdi e StikeGeEy layeneshibits tompodssivenedin.r 6gi eabooMet 2l Si | i ci de
regions are fornmed on the source/drain and gate structures with an option
of renovi ngSPFREtrEonycis high coranared i that of Geade,byo. 18 they, ) Ge,Of layed kbt tensile
silicidization procedure, then formng the netal silicide |ayer on the
heavi | y dop%@‘“sgﬁ‘fd?,oélcénpmgdayﬂriegfiXDcpitla:ddmgeﬂvﬂomthdt&ic@i-lgb:ﬁﬁﬁuﬁubﬁﬁdn%yﬁn t hus
avoi ding sificidization involvenent with germanium and carbon atons, while
a second opblieyedéne thermahgddatiboprreddine Resalfing 8 iwtiSdilaipht: BEu1A6E é@@} X the
sourceldrain structures. 5 07 AUG 2006 BRI EF DESCRI PTI ON THE DRAW NGS
The obj ect edtiosercdureloonsuraigesstop bortiti 6f thd silicedapifly IRk IRGRkioEG3GRkbEd ' i N
the preferred

structure is followed by formation of a source/drain extension region in an area of semiconductor

materials not covered by the gate structure. After formation of insulator spacers on the sides of
the gate structure, a heavily doped source/drain region is formed in an area of the semiconduétor
materials not covered by the gate siructure or by the insulator spacers. A rapid thermal anneal
procedure is used to activate the dopants in the source/drain region using conditions designed not
to disturb the strain in the channel region. Metal silicide regions are formed on the source/drain
and gate structures with an option of removing the silicon - germanium - carbon alloy prior to the
silicidization procedure, then forming the metal silicide layer on the heavily doped source/drain
region located in the silicon substrate, thus avoiding silicidization involvement with germanium

and carbon atoms, while a second option entailing formation of metal silicide on raised

source/drain structures,



enbodi nent with reference to the attached draw ngs that include: Figs. | -
9, which schematically, in cross-sectional style, describe key stages
enployed to to fabricate a MOSFET device featuring a sem conductor all oy
channel region such as a silicon - germanium - carbon channel region, under
bi axi al tensile or conpressive strain, epitaxially grown on an underlying
single crystalline silicon substrate. BESCRI PTI ON OF THE PREF

EMBODI MENTS |l e nmethod used to fabricate a MOSFET devi ce feat Eﬁﬁ@ a

sem conductor alloy channel region such as a silicon - germanium - carbon
channel region, conprised under bini tensile or conpressive strain,
wherein the silicon - germanium - carbon tensile strained |ayer is forned
on an underlying singl epgiptShddiiPRioN b Qﬁﬁ&gte, wi |l now be
described in detail. Seniconducf%r gﬁt@%?@?e , conprised of P type,
single crystalline silicon, is used and schematically shown in Fig. | -

The critical | anae onResachraRaRUlcltr i FUBRDEL. (Sl ORUNdRE LR desired

strain, which will “provide the enhancenent o ranspor

addressed. Tobodaha: Ytk phaxial . tensile strain w thout having
t RitRrefdBRE 1o HRAG 1R enfég%é%jth%tiurcfug

to grow the layer on an underlying, r on - germani um | ayer,
requires the incorporation of atons into the subsequent channel |ayer,

wherein the | att _ t he incorporated atomis snaller than the

lattice constan?%g? g??ﬂ%%ﬁ£&$ﬁ%méﬁﬁﬁﬁ§ﬁ“mg5@gﬂﬁgﬁﬁFvg%Ygﬁ?&“@%ﬁﬁﬁﬁvjth at

a specific } it h.the incorparatign of a specific 6.0 7 AUG

2006 anoun Etmg?&g%;‘?’ll%@?ﬂaﬁwﬁ%m%%ﬁﬁ , peer; zfﬁ?ydi?baIWFiéCW?héﬂa tilGear| e

strai ned, sem u I to e .present on an underlying_single

crystal | i ne®si |@gn su%§%%?§éq¥ﬁﬂggﬁégﬁFfﬁﬁm?Wé”ﬂ@@ﬁwﬁﬁ”ﬁhqmﬂﬁﬂéBﬂvmng,
One

rel axed | ay o] b L - .mani um such atom satisfying these
condi tions Fsé n;]nélgr'lymg%l%gle esﬂioon substrate.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The method used to fabricate a MOSFET device featuring a semiconductor alloy channel
region such as a silicon - germanium - carbon channel region, comprised under biaxial tensile or
compressive strain, wherein the silicon - germanium - carbon tensile strained layer is formed on
an underlying single crystalline silicon substrate, will now be described in detail. Semiconductor
substrate 1, comprised of P type, single crystalline silicon, is used and schematically shown in
Fig. 1. The critical layer needed to provide a channel region under the desired strain, which will
provide the enbancement of transport carriers, is next addressed. To obtain a layer under biaxial
tensile strain without having to grow the layer on an underlying, relaxed silicon - germanium
layer, requires the incorporation of atoms into the subsequent channel layer, wherein the lattice
constant of the incorporated atom is smaller than the lattice constant of silicon. The channel

layer, epitaxially grown with at a specific thickness, and with the incorporation of a specific



carbon atom allowing a silicon - germanium - carbon |ayer to be
epitaxially grown on the wunderlying single crystalline silicon substrate,
exhibiting the desired biaxial tensile strain. Note that a conpressive
strained channel, such as a thin silicon - germanium channel |ayer grown on
a silicon substrate, has significant | e mobility enhancenent. The

i ntroduction of a substantial anount carbon in tW. s8TiA60A06 ger mani um
channel |ayer results in the achievenent of tensile strain., Tensile
strain |l eads to both electron and hole nobility enhancenent. Silicon -
germani um - carbon |layer 2, schematically shown in Fig. 1, is epitaxially
grown, using ultra high vacuum chem cal vapor deposition (LWCVD),
procedures, atoust df emgller lattioe gomd) ebuie eliovathe idsir@QehsIOsBRY, sefricohtfilBLalis) fhane or
di sdane as a source for silicon~ wNe using a carbon precursor such as

met hyl si | anebe plésent bhickmiedyingaingls olybali silicGRSubRMIURDs faLARMNd RYE.2, Shoul d
be less than the critical thickness above whi ch spontaneous strain

rel axation omdulysg, theidddyer o siiat wereEniah 0 Wne 3&h hRAmAAE 4td @ifitonl s GeCar bon
content is between about O to 4 % or a carbon nole fraction between about
0 to 0.04. TarbomatinalloWal alsiiéont @AgiahimS E&@Jnﬁayjeﬁoibggfgtwgﬁ S oh Phet e
S~,,-y)G~,Cy layer, the carbon nole fraction y, has t e sufficiently

high compar adding gle SORMARISHENTHarb it e %&ref%ﬁggl it SR lggggnpl e of

silicon - germani um carbon | ayer 2, shown in Fig. i on of

First orow ng b bemsiasit Qe ARAR, oloUES finsfiShd WK LBLARI B nQ  Shal | ow
e n

trench isolation (STI) regions in the chann IFTayers and i émﬂﬁ&%rlying

sem conduct QllicsusassthRL lg!s siEfaENGble Hob%ﬂgl%hﬂgﬁm%aﬁeg\e TR orcf.tg{o% 3Ea scusggé@ael

initially formed then 7 AUG 2006 Sel"EEa ep
procedures, amesibt éaldalidihls I : il .- germani um. car bon
ol B Wl s B S 7 OETRALAT 8

| ayer on substantially the portions o m con &5y not
occupi ed Wi tshai> Tesile strain leads to both electron and hole mobility enhancement.

Silicon - germanium - carbon layer 2, schematically shown in Fig. 1, is epitaxially 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 crmcal thickness above which spontaneous strain relaxation occurs, therefore
between about 20 to 500 Angstroms. The carbon content is ‘between about O to 4 %, or a carbon
mole fraction between about 0to 0.04. To insure that the teqsile strain is incorporated in the
SiyxyGe.Cy 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



regions. In addition the carbon atons need not be introduced during the
epitaxial growth of the channel layer. The silicon - germanium - carbon

| ayer may be formed by the epitaxial growth of silicon - germanium and
subsequent ion inplantation of carbon into the Si Ge | ayer. The carbon

atons may al so be inplanted on selecte&,active or channel regions so that
the un-inplanted channel regions are uUnder conpressive snkﬁi m@%le

i npl anted channel regions are under tensile strain. The -ﬁﬂ%' ted
conpressi ve strained channel region nmay 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 puPRysddy edecivempitary prpceduns, reeiting DNEMIESAR of L Gidodl cigBAEd for a
subsequent thermally grown silicon dioxide gate insulator %ayer. Thi s
option will §arey e on sstatiallcthe pariomtod the sehiédnd@tor BdstAEIdT By R RSP
procedure. Therefore silicon capping layer 3 a, is epitaxially grown on
silicon - gersemi lnadditiothi catbdnaytets r@ed@tbeiﬁtrdd@&ﬁ@ﬁxﬂ-fﬁl!ﬁeeeppﬁfﬂﬁ%h %ﬂﬂﬁt 500
to 8000 C, using silane, or disilane as a source. The as - grown thickness
for silicon dapgilayg. Tayslicon 3gsrmsiut e tABHIYBn Be tlifed i trkRRRE! g}?&wth e
subsequent silicon dioxide gate insulator |ayer. Therefore siTicon capping

| ayer 3a, shiiven -semeniat] odlskhgequint FnimpRatatioh of GoNhtd e Sick M GKRES t ween
about 0 to 150 Angstrons, so that the finalothicknesseof 2?%]2%H§m§§pping

| ayer 3b, afatosrs ngy elvd te inplaned sl DevedrlchmM rediofd i ator |ayer
will be between about 0 to 100 Angstrongf Shal gm/fggﬁgﬁhﬁé P§¥#on (STI)

regions 4, chimne ogioheurt GideRGmiprssticl stibiR Wil ARPhRGH NS re Hhs ade findly Gufe AUC 2006
silicon - germanium carbon layer 2, and -in a top por? on  of sericonduct or

subst r at e 1 stdini Bheius-imhe2EpEARE sivliRd ChidiclibORaPle 0Bl PULLLENCh shapes

in the above nentioned |ayers, using
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 peeded 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 0 to 100 Angstroms.

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



conventional photo masking and dry etching wherein procedures, where Cl2 or
SF6 is u as an etchant for silicon, or silicon - germanium- carbon. After
renoval of the photoresist shape used to define the shallow trench shaM a
silicon oxide |ayer is deposited via | ow pressure chem cal vapor

deposition (LPCVD), or plasma enhanced chem cal vapor deposition (PECVD),
procedures, completety fiffing the sh&@ | ow trench shapes
Tetraethylorthceilicate (TECS), is used as the source for ?ﬁpgéwﬁoxide.
Renoval of silicon oxide fromthe top surface of silicon capping |ayer 3a,
is acconplished via a selective chem cal nechanical polishing (CW
procedure, or via a selective dry etch procedure using CBF, as an etchant
for sUicon aiitahe,gemeintdamgn lafer STdnd il Psriidn of seEbRARIor Gk Bhaws i n Fi g.
3. If desired STI regions 4, can be defined in top portions of

sen conduct @tcofiplihitd i cfibitioRsfi sBdllot @refdli shap¥d it kheAbWhBntBhedlhyelsCRAg - 9€r Mani um
- carbon layer 2, and of saicon capping |layer 3a. The definition of STI
regi ons 4, wowkstiohdl @Rotb tafkitslaBN&gl eRling fro&lided herGR UL, 8XSr ks FEQMN etfaneST | T CON
- germanium - carbon layer 2, and silicon capping |layer 3 a, only on the

top surface ipQilitdnOtSsiliebn SQEhARAAAUGEHSE. SD SIS RLSE de pdVresREH }§Q19%ﬁ§3

regions 4. Silicon dioxide gate insulator layer 5, 1s next thermally grown

at a tenper elihfloRcuhRRaped B Silidon 0%He fafr s delflsfred \kaqo@?rf:%%gﬁé%ﬁégl v}é&am

anbient, to a thickness between about™5 to 100 Angs gree of

oxi dati on, QgoWRbd (LP@_VDE,%r bl%ﬁaie@hm%icﬁéﬁg&ggagg %B(%sioﬁimi@’gc L psﬂ-[rg'c%dunlesayer 3 a,

results in a final thickness of between abol rons for fina
hin 1 inal Syl AU e s Pt o SRl P RS on
charge densig ¥iidnlokidP SR ddibval of BRIBA Gkiad £th B tGURIL SEFcd capling 15202, 2

accomplished via a selective chemical mechanical polishing (CMP) procedure, or via a selective

dry eich 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 - catbon layer 2, and silicon capping layer 3a, only on the

top surface portions of semiconduétor 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, after 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 -



0 7 AUG 7006 germanium - carbon layer 2- An intri ic POYsilicon |ayer is
next deposited at Insi | a thickness between about 500 to 2000 Angstrons,
via LPCVD procedure, using silane, or disilane as a source. A photoresist
shape, not shown in the drawings, is used as a nask to aflow a reactive
ion etching (RM, procedure to define %ol ysilicon gate structure 6, on
silicon dioxide gate insulator layer ¥ W is schematically shown in Fig.
4- Renoval of the photoresist shape is acconplished via pladogokygen
ashing and wet dean procedures, with a final buffered hydrofluoric (BHF)
cycle ofthe wet clean procedure renoving the portions of silicon dioxide
gate insulator layer 5 not covered by polysilicon gate structure 6. The
conpl eti on oferaaniASEEDPorayir@e, Arf intainaie palygilimtiaykr isndxi ddposited atyaliicndsor med on
the n polysilicon gate structure, and on the source/drain region | ocated
in the sili ctveaprny0and000gingitmo, va IR Vimprbeedure, wiag sihod) of ayers, i s next:
addressed and schematically described using Figs. 5 - 6. Source/drain

ext ensi on r edjilars aya squscef Arphotofesistrsbabe, nonshp@t ini thidravaifigsSis biied @6k EAPRI NGy h ayer
3b, of silicon - germanium- carbon. layer 2, and in a top portion of
sem conduct oracgvebist eteting (RTE)wocedwro wedefich galysificoh gtk kthfie 6 ah Glicoh fivgddr e 6.
This is acconplished via inplantation of arsenic or phosphorous ions, at
an energy | ese itshiator thfkr Ke Vhis &tschamatizally shetnia i3, 4 bRekioval ofthd BhokdeslsEshbe is
atons/ cO Next an insulator |layer such as silicon oxide or silicon nitride
i ~ deposi t echcavimplished s plksnaDydes hsMag Andde dleanPaltediRes20x AAOGEESS, Vvia LPCVD
or PECVD procedures. A selective, anisotropic R E procedure, using CBF_,
or CF~ as arhydbfhiosio (BHE) Sydiditheavap biesngiockRurdk@dhbvi the portions of silicon dioxide gate

insulator layer 5, 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 1E15 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



i nsul ator spacers 8, |located on the sides of polysilicon gate structure 6.
Heavily doped source/drain region 9, is next fornmed in portions regions of
silicon capping |ayer 3b, silicon - germanium - carbon layer 2, and in a
top portion sem conductor substrate 1, not covered by 10 0 7 AUG 2006

pol ysilicon gate structure 6, or by insulator spacers 8. This is
acconpl i shed via unplantation of arsehDc or phosphorous ions, at an energy
bet ween about | to 50 KeV, at a dose between about '5150anM%%® at oms/ cm-.
A rapid thermal anneal (RTA) procedure is next perfornmed at conditions
needed to activate the inplanted ions, however w thout strain rel axation of
the silicon - germanium - carbon layer. This is acconplished at a

t enper at ur e pobtilivee Rataktowtur8&Gr biindull@QPacks 8. TRE; | bout | to
60 see. The result of these pr&ggdures&?s scggﬁg??%gﬁﬁ§hgﬁ§@ﬂ8W%on%fg. 5.
Metal sil i ciathenic egihomsorbl iomB0Wh eseeRARRIEE Hohtl th B0 Kig-at Sdo BEG WIS Hhour

sel ectively formed on exposed portions of polysilicon and SITTCOR"™ A net al

| ayer such ag1f iot1&Mé atoins/taN tAodapid thebt 95l QPR TA .&ﬁﬁk‘ " Ity is first
deposited via plasma vapor deposition (PVD) ﬁﬂ%ce J?%%%i%%ggﬁ?ﬁfckness

bet ween aboubnddBnd @eRACo ABGHS 10 FplanBhAbrR r%&@@?&ﬁ@u@sﬁr&g pﬁ?&&%ﬁo%@ hgéigcg) at a

tenperature between about 400 to 7000 C, for a tinme between abo B to 60

sec, to forgeiRhiah - cibbClapt TKEY h&@ﬁi;g)l?sgoﬁd agg teg%lrtr?tﬁlie |b€at\(r:vg$1 agﬁ't%,t gg(i{orelg(%f" re 6,

and on heavily doped source/drain re 1 ons o tal,

| ocated on S8 bavedRBER S0 & wé”@'he%uﬂhhfes%@}o%%%g%%g@%%ggt i vely

renoved via wet etch procedures, using a so I"ONn - HCL -
N[fOH - HSOfg s Metal silicide regions 10, conprised of either titanium
silicide, tantalumsilicide, tungsten silicide,

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 5 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 compriséd of H,0, - HC1 - NH,OH - H,S0,.
Metal silicide regions 10, comprised of either titanium silicide, tantalum silicide, tungsten silicide,

nickel silicide, or cobalt silicide, are formed on the portion§ 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




ni ckel silicide, or cobalt silicide, are forned on the portions of heavily
doped source/drain region 9, located in silicon capping |layer 3b, and in
silicon - germanium - carbon |ayer 3. A second option is the formation of
netal silicide regions on portions of heavily doped source/drain region 9,
| ocated only in sem conductor substrate 1. TW Is acconplished via 0 7 AUG
2006 selective renoval of exposed por11ons of silicon capping |ayer 3b,
and of silicon - germanium carbon |ayer 2, perforned aft%r Ngfﬁbator
spacer formation, prior to netal silicide formation. The Jelbcilil e renmova
procedure, performed either prior to, or after heavily doped source/drain
formation, is acconplished via dry etching procedures using . or SF6 as
an etchant fawtrexposelbf egmsagortioifibfilican @R Hakddf SeWNgdmanfid.  7-
Metal silicide formation, performed using identical procedures and netal

| ayers, as parnilayesd, perbesaiifioesilatortspedToi@tion) Plidr met QNG Hatish. T Met al
silicide regions 10, |ocated on portions of heavily doped sourcel drain
region 9, | edratiederuvhiprocadurs paifampdleltitOpriostoDsahatieavly déped stare/leavi | y doped
regions located in the tensile strained, silicon - germanium - carbon

| ayer, as wqsmitios, icasenplishel bie diyf hing pfoctates Aing TN SFESWh bickht thitxfos@Pt i ON 'S
schematically shown in Fig. 8 A third option used to avoid formation of
the heavi | ysiitopethissouleaficAlpidwh @OFL Y. IMbtd SRideFsRgtidnEpesofnth D& i&nfidacOn -
germani um - carbon | ayer, and to prevent consunption of this layer during
the metal splotedindEant Greliblayci) adPreGAY d8critled inlthEpridS 6ptioh, nb@ir&H isRMmCe/ drain
structure, described schematically in Fig. 9. Afier formation of

sour ce/ dr ai QiR k@Rt W) 10cR8d & poftion af&wn&aaﬂdaﬁaa@}d%méi@y@ﬁm%&o lflaSilicon -
germanium - carbon layer 2, and in a top portion of sem conductor substrate

1, and af t egemicaiidiBiot ABstuafe 1, Bst'eh BEQily dpaLREinsTocafd@in R eidGainf siRBL YSi 1 i con

gate structure 6,
: 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 pﬁrtions 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

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



a Procedure used to selectively grow silicon on exposed portions of
source/drain extension region 7, is perfornmed. The sel ective epitaxial
grow h procedure is performed at a tenperature between about 400 to 800
C, using silane, or disilane and hydrogen chloride as a source, resulting
in the growth of raised sourceldrain structures 11, propagatrng upwar ds
from exposed Portions of source/drairnl2xtension region 7.0Rdisae6
source/drain structures 11, can be doped in 12 0 7 AUG 2906 situ during
growh with the addition of arsu-1le, or phosphine to a silane or disilane
anbient, or raised source/drain structures 11, can be grown intrinsically

t han doped arse ni.c phosphorous ions. Formation of

netal sili c:éld'jei JPE%% ons BRH ditign eafﬁ"l?r?@doﬁﬂg‘f’mars@mnd@daneapbxeﬁeﬁur es and
metal |ayer crr ed in _the prior options, nowresults in

netal sili Ear] gs"%%).é%ﬁ’? ref “g’ ’Hﬁﬂsscalrwtb@domﬁdmanmﬂmm‘on bRk

sour ce/ dr ai [ eavi | doped regions located in the
tensile st rgf‘ghg%hg ﬁ]kr}néo?ro’}n %"r‘#ﬂ?‘?fau cide regiang D, kgeineperfortried ssingA¥aiicdi Ng

possi bl e 'nV%&%ﬁ-smﬁan er mani um and carbon ions in the tensile strained
silicon - gér manr Um - car por > EFEIALY desaipet in tepripnvgtisdsaonmtsalis i§ wkefaci de
formation pr dure Tgﬂl sult of this option is schematically shown in
Fig. 9. Fi na 1005 1% loFptehion tep strkaea portising.o igeld sounidedin @giPO 1, hot@R and et al
patterning ﬁdures are perfonned to conplete the fabrication of the
MOSFET devi e@ %%?fifﬁgloﬁbl%%‘m’a\h@é&ﬂ@’arsﬁmm silicomEPORkmP caPEH faf eeshugr a the use

of a channel dﬁg' on, ¢ rr‘prr sed of a silicon - germanium - car | ayer,
under bi axi & Pl%qf'ﬁ’é"% Ye&?eﬁtOEAF‘F%BFQhnddatbsnlomﬁ&ﬂfeltéhﬁﬂe\&ﬁﬁnéa%ﬁﬁm bed for an
N channel, MOSFET d |ce~ it is understood that the identical procedure

for formni ngF*HPa8M M- CPhon chanoplhayes, dm@msmmudn@y&wm&ﬁﬂ@{esuh'oﬁx' al
tensile or ﬁp%ressr ve strain, can be applied to P channel

on 1s schematically shown in Fig. 9.

Finally passivation, contact hole etch, metal deposition and metal patterning procedures are
performed to complete the fabrication of the MOSEET 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,
MOSEET device, it is understood that the identical procedure for forming a silicon - germanfum-

carbon channel layer, under biaxjal tensile or compressive strain, can be applied to P channel
MOSFET devices,



MOSFET devices. 13 0 7 AUG Wile this invention has been particularly
shown and described with reference to, the preferred enbodi nents thereof
it %J be understood by those skilled in the art that various changes in
formand details nmay be made w thout departing fromthe spirit and scope of
this in Wiat is clained is: 14 0 7 AUG 2006 | - A nethod of fabricating a
- sem conduct or device incorporated with13 strained channel, on a

sem conductor substrate, conprising the steps of form ng @§7sggiyggnduct or
all oy layer on said sem conductor substrate, wherein said sem conductor
alloy layer is conprised with a first elenent, a second elenent, and a
third elenment; formng a gate insulator |ayer overlying said sem conductor
all oy |ayer; f OViletigs iavegiiindiasticen pirticufrlp fhoSaa @b8driBed WITULEBLRE td AYer

form ng insul ator spacers on sides of said gate structure; fortning

sour ce/ dr ai rprefegid embodimenartigeof fit wilibeluimierfios® BEkSS Aindlid Y art ANGLAND i N an
area of said sem conductor substrate not covered by said gate structure or

by sai d i nsuhagerin fospaiaieails may be made without departing from the spirit and scope of this

invention.

What is claimed is:



removi ng portions of said sem conductor alloy not covered by said gate
structure or by said insulator spacers, exposing underlying portions of
sai d sem conductor substrate conprised with said source/drain region; and
formng netal silicide regions on said portions of said sem conductor
substrate conprised with said source/drain region. 2. The nethod of claim
1, wherein said semiconductor alloy |dfer is a senicoggfﬁ%gm al | oy
conprising of silicon, germanium and carbon. 3. The ‘@i claim1l,
wherein said sem conductor alloy is fornmed by epitaxial growth procedures.
4. The nethod of claim 1, wherein said sem conductor alloy |ayer is
obt ai ned by &n® Mspiod gkfakricasing arspmispndycterdayirg ircorrorasdavith dtraeloy conpri si ng
of silicon an ermanium 15 0 7 AUG 7006, .and i nplantation of carbon atons
into said sed ?fg‘e's@i‘ﬁéed’i’faﬂlf’f‘i‘)tf’r subptgple, cemprisiig thattetRsPfof clai m 4, wherein

said sem conductor. all oy | r has,a natural lattice .constant thagt is
I alr ger than t ﬁg?rmérfg as%?f%cogg'%fﬁ?%&ﬂ%@?' grongpif serpigenguctop,subpizate, whergin sai

sem conduct or_ al ' er .c essive strain, 6. The nethod of
i ma, whorans@hebPUER o A FR AR ML Beopd e PR ce
constant thaf,;l4Siesfdpd | er than that of said sem conductor substrate, so that

said senicondyctor.élon.Iayer i's under tensile strain. 7. The method of
claim1, whereifgmai éjga‘i@%QQBQH?ér%eﬁxgﬁid\lAsﬁM%ndlﬁto? Liidycigger: 9€r mani um -

carbon | ayer, denoted as Si(,-,,;-Y) erein x is ge ween 0 to 0.8
forming a gate structure on said gate insulator layer;
forming insulator spacers on sides of said gate structure;
forming source/drain regions in area of said semiconductor alloy layer and in an area
of said semiconductor substrate not covered by said gate structure or by. said insulator
spacers;
removing portions of said semiconductor alloy not covered by said gate structure or
by said insulator spacers, exposing underlying portions of said seﬁliconductor substrate
comprised with said source/drain region; and

forming metal silicide regions on said portions of said semiconductor substrate

comprised with said source/drain region.

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 y is between about 0 to 0.04. 8. The nethod of claim 1, wherein the

t hi ckness of said sem conductor alloy |ayer is between about 20 to 500
Angstronms. 9. The nmethod of claim1l, wherein said gate insulator layer is a
silicon dioxide gate insulator |ayer. 10. The nethod of claim11l, wherein
said gate insulator layer is thermally growmn to a thi cknesi @ﬁéﬁﬁﬁn about
5 to 100 Angstrons. 11. A nethod of fabricating a senicondu { ice
incorporated with a strained channel, on a sem conductor substrate,

conpri si ng t Had dnpleatioh of garhpmefoms suersaid setont smiahdustor algser on sai d

sem conduct or substrate, wherein said sem conductor alloy |ayer is
conprised with first element, a second elenent, and a third elenent; 16
0 7 AUG 2006 5-?@? methgd af Jaim 4 ovhatein wid wayisndustar aller las hanp aatgishiatishduct or

alloy layer; form a gate insul ator |ayer overlying said sem conductor
al l oy |ayer; céfﬂﬁant%g’f l‘?il%éerafhﬁ’a@%t sridsem Bndb‘ﬁtoé%ﬁbgtm&‘ats%aahiaéﬂ ator |ayer,

with said gate structur comprised of a.conductive |ayer and of underlying
silicon capplg?lnélc néiﬁce?rsafl%?'(l)aﬁﬁﬁ lrslgl;]n?eﬁs?ﬁ‘f’grteﬁfr‘vessﬂ?fg'ers on sides of said gate
structure; formng source/drain regions in portions of said silicon capping

llayer, porti gnghOhethSRbEISEM, CRRAUCLA se %ﬁ&l[cg)tr%llofﬂgerihgs a RQLA] @E%e of said
sem conductor alloy layer not covere y sald gate structure o lby sai d
insulator s Pabfdtant that is smaller than that of said semiconductor substrate, so that said

semiconductor alloy layer is under tensile strain.

7. The method of claim 1, wherein said semiconductor alloy layer is silicon -
germanium - carbon layer, denoted as Si(;.y.;, Ge,C,, wherein x is between 0 to 0.8

and y is between about 0 to 0.04.

8. The method of claim 1, wherein the thickness of said semiconductor alloy layer is

between about 20 to 500 Angstroms.

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

insulator layer.

10. The method of claim 1, wherein said gate insulator layer is thermally grown to a

thickness between about 5 to 100 Angstroms.

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

third element;



selectively renmoving portions of said silicon capping |ayer, and portions
of said sem conductor alloy |ayer not covered by said gate structure or by
said insulator spacers, exposing underlying portions of said sem conductor
substrate conprised with said source/drain regions; and form ng netal
silicide regions on portions of said sem conductor substrateg70ﬂ§qused
with said source/drain regions. 12. THé nethod of claim 11, wherein said
sem conductor alloy layer is a sem conductor alloy conprising silicon,

ger mani um and fearihga senviberalib¢tecicapging datearn sdid sgnovdnductgratiogtiyeres. 13. The
met hod of claim 11, wherein said sem conductor alloy |layer is a

sem conduct or famiag a ggapshlatonlpyeriqverbang saibsermaeinduntoratel legerbod, obt ai ned by
epitaxial growh of a second sem conductor alloy conprising of silicon and
germani um  and fSiRgH eAR sECREhON tid gas BeHatar layes Wit %{E@F%ﬁt@@&'@nd

sem conduct or aILog. 14.dThe nethoq ?f Iain1é1, wherein said sem conduct or
al loy |ayer F¥MEFSH QbHCcondyeiivalayeiand of underlying shispbta@RmaLYEsy | - x-y) GexOQy,
wherein x is b (’gV\eeqnaif&ths 0 1o Q. 8, tan% 1% 7 AUG 2006 vy is between
about 0 to 0.02 "% MHETRIRE S S Pal it %, S RiH8F=i n sai d seni conduct or

al oy layer hasfoﬂniﬂghﬂfr@el/drlliﬁltréééoqlg 1rhg(%?ﬂ§rgs?)3tsala rs]f?igon' é:éallﬂi%r k graéacfr}ggnsto?at of

sai d sem conduct or strate, So t sem conduc oy layer is

under conpregsd ¥nisdnbi@tdt subdrate | 19‘551%6& K safdl s@rinfgbﬂtﬁlctom%yqilﬁr i d
sem conductor alloy layer has a natural lattice ‘
covered by said gate structure of by said insulator spacers;
selectively removing portions of said silicon capping layer, and portions of said
semiconductor alloy layer not covered by said gate structure or by said insulator
spacers, exposing underlying portions of said semiconductor substrate comprised with
said source/drain regions; and

forming metal silicide regions on portions of said semiconductor substrate

comprised with said source/drain regions.

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
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 Si(j.y., Ge,C, wherein x is between about 0 to 0.8, and




constant that is smaller than that of said sem conductor substrate, so that
said sem conductor alloy layer is under tensile strain. 17. The nethod of
claim11l, wherein the thickness of said sem conductor alloy |ayer is
bet ween about 20 to 500 Angstrons. 18. The nethod of claim 11, wherein said
gate insulator layer is a silicon dioxide gate insulator |ayer. 19. The
met hod of claim 11, wherein said gatelinsulator layer is th&/miGlgggr own to
a thickness between about 5 to 100 Angstrons. 20. The method of claim 11,
wher ei n sai dydebateesndbett Orto 88Ppi ng | ayer is conprised of silicon. 2 1. The
met hod of claim 11, wherein said sem conductor capping |ayer has a final
t hi ckness between about 10 to 100 Angstrons. 22. A nethod of fabricating a
seni conduct orlod&ls Bethesholrladwni4e Bhergmtsaid semisendugtopalloyflaver has nptusaldetties ned
channel |ayer, comprising the steps of fornmng isolation regions in a top
portion of sai8® a&lfdﬁf%ﬁ“tt gn é’ﬁtb tSpidsemicopBFPhHIURSFAL a0 that &4d epi t axi al
growt h procedure to sell Oﬁgeil ve{sy{lingrow a strained channel 18 0 7 AUG 2006

t

layer on subSTARTICEFPLA Y50 HSOBPreied @ Bri conduct or substrate not

occupied by said isolation regions; performng a second epitaxial growh

procedure to 1%%&%!&}{@& I cﬂa(if?x"‘{zt?wﬁé}%is&g slerﬁ%gryductgpaﬁo@i lgyeg ﬁé‘s”anl%kuréﬁ%ﬁée?

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

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.

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

thickness between about 10 to 100 Angstroms.

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



formng a gate insulator |ayer overlying said capping |ayer; and formng a
gate structure on said gate insulator |layer, with said gate structure
conprised of a conductive |layer and of underlying silicon capping |ayers;
form ng insul ator spacers on sides of said gate structure; formng
source/drain regions in portions of said silicon capping |ayer, PR ons of
sai d sem conductor substrate, and in gértions of said sem conductor all oy

| ayer not covered by said gate structure of by said insulator spacers;
selectively removing portions of said silicon capping |ayer, and portions
of said semayerauepsentially By ppripes ofreid ssmicondutopyubstteinggaceipsdrbystidr e or by
sai d insulator _spacers, exposing underlying portions of said sem conductor
substrate cofpJficgdegifisth said source/drain regions; and forning netal

silicide regions on portions of said sem conductor substrate conprised
with said sour c@ffg%ﬁ%ars@gv fritaxiberowHPragedms & Sfectiyely By 2 cappiag BYF sai d

strai ned channel. Iaéeq is_a sem conductor alloy layer conprising silicon,
ger mani um  afdSULFEBI ISP Ai ned by epitaxial growth procedures. 24. The

nmet hod of cl ai ) i id strai.ned.channel |layer is a sem conductor
alloy |ayer cgﬁ)rr'g’ra ?%%{\%gé %S‘F}?@gir‘il,yergog?%ﬁrﬁ% ?Jafﬁc “8ndé !:aé(errb%ngi, obt ai ned by

epitaxial gf oWbmihe fea® GRRAM SPULEQRAHSHRL, A QY QPLANABR! | | cON and
germani um and an inpfantation of 19 0 0 carbon atons into said
second sem CQB#EpGI@6f AbdrA¥etive layer and of underlying silicon capping layers; '
forming insulator spacers on sides of said gate structure;
forming source/drain regions in portions of said silicon capping layer, portions of
said semiconductor substrate, and in portions of said semiconductor alloy layer not
covered by said gate structure of by said insulator spacers;
selectively removing portions of said silicon capping layer, and portions of said
semiconductor alloy layer not covered by said gate structure or by said insulator
spacers, exposing underlying portions of said semiconductor substrate comprised with
said source/drain regions; and

forming metal silicide regions on portions of said semiconductor substrate

comprised with said source/drain regions.

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.

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



25. The nethod of claim 22, wherein said sem conductor alloy layer is
silicon - germanium - carbon, denoted as Si(,,-y) Ge,,Cy, wherein x is

bet ween about 0 to 0.8, and y is between about 0 to 0.04. 26. The net hod
of claim 25, wherein said sem conductor alloy layer has a natural lattice
‘constant that is larger than that. of said sem conductor sub§7mgggwﬁso
that said seniconductor alloy |ayer il8 under conpressive strain. . Th
met hod of claim 25, wherein said sem conductor alloy |ayer has a natural
lattice cons$thfr atpmaint gidseaendeemidendictdsationf sai d sem conduct or
substrate, so that said sem conductor alloy |ayer is under tensile strain.
28. The neth f claim.22, erein the thickness of said _sem conductor

all oy |ayer Sgﬁﬁﬁwgﬁfég%%ﬁe’feﬂ‘ Biosemicpatyctirgliongyerih@dlistdrnod of cl ai m
22, wherein said.gate insulatar l.ayer ig a @iLicon g&oxige gatgs i nsul at or
layer. 30. TRETHEPAGEBI™ EPRIHh 2 i Erbr nvRET Y X ub e T RSEIRP & IBafPer i s
thermal |y grg@ph%gﬁﬁa’&ﬂbqgg%ﬁs bet ween about 5 to 100 Angstrons. 3 1. The
met hod of cl aim 22, mﬁerein sai d sem conductor capping |layer is conprised
of silicon. 32. The nmethod of claim 22, wherein said sem conductor capping

layer has a figh@he mtRbEENGRS BEHLWNGER sSAQMhicdRiutBr HRY AR RIS L Bural lattice

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 tensile strain.

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

thickness between about 5 to 100 Angstroms.

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

silicon.

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

thickness between about 10 to 100 Angstroms.



