METHOD OF FABRI CATI NG STRAI NED CHANNEL DEVI CES BACKGROUND OF THE

| NVENTION (1) Field of the Invention The present invention relates to
met hods used to fabricate sem conductor devices such as netal oxide
sem conductor field effect (MOSFET) devices, and nore specifically to
devices formed with strained channel regions. (2) Description of
Prior Art Enhanced performance of MOSFET devi ces has been addressed
via device channel regions fornmed in strained |ayers. Increased
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achieved in both C gﬁﬂ%fgggﬁggf§§§§me as N channel ( NMOS)
structures via formati on of channel regions in strained |ayers.

Formati on of strained |layers such as a strained silicon |ayer can be
acconplished by formation of the silicon | ayer_on an underlying

substrate or |ayer conpr3AEKGROUNDQIHEHE PY¥mor silicon -

ger mani um car bon. The magni tude of strain as well as the type of
strain, tensile or conpressive, is a function of the |evel of
germaniumin the underlying materials. To achi eve the desired

proper t | §FidM ot € Invehticd ned | ayer the underlying material, such as a
silicon - germanium | ayer or alike substrate, has to remain stable

and undi sturbed during subsequent device processing, therefore the
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metal oxide semiconductor field effect (MOSFET) devices, and more specifically to devices

formed with strained channel regions.

(2) Description of Prior Art

Enhanced performance of MOSFET devices has been addressed via device channel
regions formed in strained layers. Increased carrier mobility and thus enhanced device
performance has been achieved in both P channel (PMOS) as well as N channel (NMOS)
structures via formation of channel regions in strained layers. Formation of strained layers such
as a strained silicon layer can be accomplished by formation of the éﬂicon layer on an underlying

substrate or layer comprised of silicon - germanium or silicon - germanium carbon.

The magnitude of strain as well as the type of strain, tensile or compressive, is a function
of the level of germanium in the underlying materials. To achieve the desired properties of the
strained layer the underlying material, such as a silicon - germanium layer or alike substrate, has

to remain stable and undisturbed during subsequent device processing, therefore the integration




to be carefully inplenented. The present invention will describe
process integration sequences in which the critical silicon -
germanium material |ayer is not adversely effected by subsequent
MOSFET processing steps such as formation of shallow trench
“isolation (STI) elenents, or high tenperature anneal procedures.
Prior art such as Chin et al in US. Pat. No. 2004/0209437 Al,
Koester et al in U S Pat. No. 2004/0164373 Al, Ngo et al in U S
Pat. No 3 AL 0. 5. .
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A, as we rt et al 1n US . Pat 8, 785, descri be

met hods, qf form ng isol ation structures in strained silicon and in
underly?#thﬂfﬁﬂbHﬂ“ﬂmﬁfQ%waniun1Iayers. The above prior art however
does not teach the process integration sequence of the present
invention in which specific process sequences such as STl formation
are i nt egr Zhepresant mventimsrt Hepribe presess intsgtiomspauenses moveihe qrtcabs
the strained and underlying |ayers. SUVWWARY OF THE INVENTION It is
an obj eglica - dehhsnitn wenériad haytiois ot sdversdlipSiEctedieywsubsequesttMOBSRET grocessing
channel region incorporated in a strained layer. It is another

obj ect Qf,ddibiSad BYRMInVT skflwPfrdch M 1aSbh @S'I;I? eleh@i8! ordich tbMBerature anneal

underlying silicon germani um bodies only ter formation of STI
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oxi dati gn, pr ogedul o3RI K N &1 25! ¥ieo Hooh o5 742 A1, Wang et al in
U.S. Pat. No. 2004/0180509 A1, as well as Comfort et al in U.S. Pat. No. 5,308,785, describe
methods of forming isolation structures in strained silicon and in underlying silicon -
germanium layers. The above prior art however does not teach the process integration sequence
of the present invention in which specific process sequences such as STI formation are

integrated into a MOSFET process without adverse consequence of the strained and underlying

layers.

SUMMARY OF THE INVENTION

It is an object of this invention to form a MOSFET device featuring a channel region

incorporated in a strained layer.

It is another object of this invention to form the strained layer and the underlying silicon

- germanium bodies only after formation of STI structures..




germanium | ayer, followed by a selective epitaxial growth of the
strained layer. It is another object of this invention to allow
formation of silicon - germanium (Si-Ge) in selective areas only, so
hybrid structures for different circuit applications can be forned
and integrated in the sane wafer. It is yet another object of this
invention to forma conplinmentary netal oxide sem conductor (CMOS)
device via formation of a tensile strained |ayer for a NMOS devi ce,
and of a chmstidlsmiother ghjectiofithis inwspsion foform thamgedwng siticon  sgragism 5
further object of this invention to optimze NMOS as well as PMOS

devi ceshddies Walbdtacdeposifinammicxidiien atdcadnrengpplitdiosntoverdihg siligobet t er
Channel Electrostatic Control to mnimze short channel effects. In

accor da#!&ﬁaﬂ?ﬁhp/%é?efo%@ma a0 bnRxEREedsofhe fnfimidnBy&d r ai ned
or a

| ayers FET device in which the strained |layers and
overlying silicon - germanium | ayers are obtained after formation of

specific deyice features_.such as. STl,..are described. A | L I
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nitride - silicon oxide, and in a tgy portion of  either g iligon
subst r aebectve irgasonly; 5o Brrid wrcEresfoiifferepteitgit epplirationsspy ¢ fswed 2.
Subsequent to patterning of silicon - nitride, silicon oxide, etching
i nt o t heregestq@abinahle sineiweader. regi on, and formation of a silicon oxide

i ner layer on exposed silicon surfaces (e.g. sidewall, 3 bottom and
top coners of future Si active areas), the desired STl structure is

formed via Itiisnfe!f LadiRér objekt oftAH iHREAMER! foffE & Baipleant RS meatdliorie( CMP)
procedures. Silticon nitride renoval and
semiconductor (CMOS) device via formation of a tensile strained layer for a NMOS device, and

of a compressive strained layer for a PMOS device.

It is yet a further object of this invention to optimize NMOS as well as PMOS devices in
surface - Channel operating mode thus to achieve better Channel Electrostatic Control to

minimize short channel effects.

In accordance with the present invention methods of forming strained layers for a
MOSFET device in which the strained layers and overlying silicon - germanium layers are
obtained after formation of specific device features such as STI, are described. A shallow trench
isolation area is first defined by a composite layer of silicon nitride - silicon oxide, and in a top
portion of either a silicon substrate or in a top portion of a Silicon on Oxide (SOI) substrate.
Subsequent to patteming of silicon - nitride, silicon oxide, etching into then exposed silicon

region, and formation of a silicon oxide liner layer on exposed silicon surfaces (e.g. sidewall,




surface cleaning is foll owed by deposition or sputtering 'of a
polycrystalline silicon - germanium |ayer. A first enbodi nent of
this invention features an oxi dation procedure i.n which germanium is
segregated into the underlying silicon body resulting in the desired
silicon - germanium body to be used to accommbdate a subsequent
overlying strained Silicon | ayer. Renoval of the oxidized material
exposes the now forned underlging silicon - germani umcrystalline
(Sii, Gekgttonh aud topreernsisohifuture Siletivecaress), thredeserd S styemredin formed ¥ia he
Sil,CGe, ( layer. The desired strained silicon |layer is next achieved
via a shlglafor iR atpilieanta meghaidabpglShEp (CMR) avedurto Sitedn aitriféwemoval and
under |l yi ng exposed Sil_ XGe, body. A second enbodi nent of this _

i nvent i gReFeakiigSis flfoveATTRIeh AitidH oriphttering 88 b b6lySiystalline silicé | gep@mium
germani um and conpressively strained silicon - germaniumfor the sane
MOSFET . devi,ce., Alt er ) . teri . r
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procedures are used to in a portion of .the polycrystalline silicon
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channel device fabrication. A subsequent oxidation procedure results
i n ger martiemsedogeegampdate i bsequsat ovgHiae syrined SilicetlgrerpRemovil phthg
greater |evel of germaniumincorporated into the portion of silicon
body unggaizyd mgtetiblecxpoek cathwofordéd miderlyingsilicoy s gatanine @idtalinn(Si«Gex)
germani um | ayer, when conpared to |evel of germani um i ncor porated

i nto t hg, RALHGR x 9 the kiR PerBQH ¥t BaaRRku AGhd HR.GéNayeREThe desired strained

pol ycrystdlline silicon - germanium | ayer. Renoval of oxidized
mat eri al...f ol |l owed by .¢ j- i) i - i i
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underlying exposed Si;xGex body.

A second embodimeﬁt of this invention features the formation of both tensile stra:ined
silicon - germanium and compressively strained silicon - gemanium for the same MOSFET
device. After deposition or sputtering of a polycrystalline silicon - germanium layer,
pﬁotoﬁthographic and dry etching procedures are used to thin a portion of the polycrystalline
silicon germanium layer in a region of the MOSFET device to be used for P channel device
fabrication. A subsequent oxidation procedure results in germanium segregation into the
underlying silicont body with a greater level of germﬁnium incorporated into the portion of
silicon body underlying the unetched or thicker polycrystalline silicon - germanium layer, when
compared to level of germanium incorporated into the portion of silicon body underlying the
thinner polycrystalline silicon - geﬁnanium layer. Removal of oxidized material followed by

SEG of a thin silicon - germanium layer, with the chosen [Ge] concentration between the two




under | yi ng substrates concentration, will result in a silicon -
germani um | ayer featuring tensile strain overlying the silicon -
germani um body with the greater germaniumincorporation while a
conpressively strained silicon - gernmanium | ayer is grown on the
silicon body having the |ower germanium concentration. The top

| ayers for all regions will be designated as SiCGez while SiGex and
SiGey will be the two underlying |ayers, z chosen to be x<z<y, )
Subs equanderl HmSRbTratey ermeerdiation, syl veslf iy a siliconrsearmarrmdayshfqgturing tensile
conductive gate structure formation, source/drain formation, result
in a M3Samowedying éhefsilion - igempanivinh bodyRkOSthe 9B gern@RDB) dheorporation Khile
third iteration of this invention features the growh of a thin

si 17 com {ayRéssRBlyRaiaed ¥ilioch - depnaiitmIhferis %26% o E)silicoh bbdyt heeirgithé con
| ayer featuring tensile strain overlying the silicon - gernmani um body
(Si Gey)qWi r j [ t b , [ :
Str ai nogWelhh o takaRl Hha 5 BBRKE AL P R FRERICFS Gk utile
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this invention are best described in the preferred enbodinents with
r ef er errecasging $ush as gate isulathr gV sconpuative gae seestursifgrgation, soygse/dign ¢y
schematically in cross-sectional style show key stages of fabrication
f or ei tfoenationt eadi ine MOSFETpicers faaturbigreitherdfMOB) NMES dr3MOSaleviges.
‘underlying silicon -germanium body, forned after STI formation. 5
Figs. 11 - 14, which schematically in cross-sectional style show key

stages for ARiROK@EAALS this invention features the growth of a thin silicon layer on underlying

layers SiGe, and SiGey, with the silicon layer featuring tensile strain overlying the silicon -
germanium body (SiGe,) with greater germanium incorporation while a compressively strained
silicon - germanium layer is grown on the silicon - germanium body (SiGe,) having the lower

germanium concentration.

BRIEF DESCRIPTION OF THE DRAWINGS

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

embodiments with reference to the attached drawings that include:

Figs. 1 - 10, which schematically in cross-sectional style show key stages of fabrication
for either a tensile or compressive strained silicon layer on an underlying silicon -germanium

body, formed after STI formation.




of both tensile and conpressive strained |ayers on a underlying
silicon - germanium body, again forned after STI formation.

DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The net hod of form ng
strained silicon layers on an underlying silicon - gernmani um body

for incorporation of MOSFET channel regions, wherein the strained
silicon regions and wunderlying silicon - germani um body were forned
after formation of specific device features _such_as shallow trench.

i sol ation (5881t Huethishsshematicalhip crrssdertiopslisbip hewdew Stages tor integration
Sem conductor substrate 1, shown schematically in Fig. 1, is X
conpr i sefbash tepbitepne compstssive strainediayeppen sdedping silicent germagium bodypgam
crystall ographic orientation. The substrate orientation is not

criti cakorfred afidyi STI formviohi on and thus can be any orientation if .
desired without detracting fromthe spirit of this invention. If
desired a silicon on oxide (SO) |ayer 2a, can be formed on

sem conductor substrate 1; to reduce capacitance and enhance

per f or mance of subse j SRS i will be
descri bed using the %ﬁ%@@@ﬁﬁ%ﬁ@?ﬁ%gﬁ@ a Nggt hi ckness
bet ween about 100 Angstrons to 0.5 um (100 Angstrons will be called
an ultra-thin body and wll be a fully depleted body while SO at. a
t hi ckness ofhapwthod®f foruvmgtrained silisom lavers g jay undeslying silirop o ggrmaniugy body
1, can also be a buried oxide |ayer for exanple with a thickness

bet ween fordh@uiordtof MOSFED nbarnel régions, whieteirsthe wimainedl siliondegionsegd ar e
N well and P well "‘regions formed in SO |ayer 2a, to accomodate the
PMOS angnddMyedfltdos € sermlddaniBbdy &8 ifstifred efér fBfnatiohtof spsific devicd Gpades

wi th doped fegions forned via ion inplantation of specific ionssuch

as 6 such as shallow trench isolation (STI) structures, will now be described in detail. Semiconductor
substrate 1, shown schematically in Fig. 1, is comprised of single crystalline, P type silicon,
featuring a <100> crystailographic orientation. The substraté ortentation is not critical for this
invention and tﬁus can be any orientation if desired without detracting from the spirit of this
invention. If desired a silicon on oxide (SOI) layer 2a, c;,an be formed on semiconductor
substrate 1, to reduce capacitance and enhance performance of subsequently form_ed devices.
This invention will be described using the SOI option with silicon layer 2a, ata thickness
between about 100 Angstroms to 0.5 um, (100 Angstroms will be called an ultra-thin body and
will be a fully depleted body while SO at a thickness of about 0.5 um will be a partially
depleted body). Layer 1, can also be a buried oxide layer for example with a thickness between
about 1000 Angstroms to 1 um. Not shown in the drawings are N well and P well regions formed
in SOI layer 2a, to accommodate the PMOS and NMOS devices. The ._well regions caﬁ‘be

intrinsic or doped , with doped regions formed via ion implantation of specific ions-such as




boron, arsenic phosphorous, indium or antinony, followed by high
tenperature annealing - to activate the inplanted ions. It is
inperative to formthe well regions prior to forming the strained
silicon and underlying silicon - gernmani um bodi es since the high
tenperature processes of well formation would result in unwanted out
gassing of germaniumfroma silicon - germanium materials. Formation
of a shallow trench isolation (STl) structure_ is next addressed and
schemat boweh) arseskrahesphorery, Imfiys, opantimgpny;rielloyed by high dsmppsaturg agnealing to
etching, liner formation, etc, could again deleteriously influence

t he i nt egiviatetheimplaged @ha el issipexative fodfpen theswelldefioasprior to fumidgthe g
silicon - germani um body, therefore the STl structure is fornmed prior
to formagiied @hcohhed anddrBue sHicodl bbraRRivexbeétRed sy thehigh @nperatise grodssses
pad oxide, is first obtained at a thickness between about 50 to 150
Angstro ref er. i i I -
proceduggg?ﬁ)ﬁ”n gu&?lgx?lg}r?%\i%\g%%é%%%@ %%ég% c%)f? Si |uggﬁb%iaa£érﬂ§e§g | ayer
4, at a thickness between about 500 to 1500 Angstrons, preferably at
1000 An§STHEIE M3feRaloyw pressure chenical vapor deposition (LPCVD)

or via plasma enhanced chem cal vapor deposition (PECVD) procedures.
The use of an anti- reflective coating filmoverlying silicon nitride
| ayer 4, pr Formatonpieskdliowhiomch fHolatiop (SR stsiotiye issnexbpsidrespesd and

Phot ol i t hographi ¢ and sel ective ani sotropic reactive ion etching
(RIE) peéeedtefly,shewe usihf Bigs.appd.i Blik procedebtepss dstadHinpyliherdmintiohsge could
20, in silicon nitride layer 4, in silicon oxide layer 3, and in the
entire if i . i ityl 2i48d silibdrSlayet a§ BB ARAN Gritlet]
shown i%éa&?gélaﬁﬁ&%ﬁyﬁﬂgﬁggﬁ%ﬁ%wﬁ?é%gr ocedur e i% per formed usi %g
Cl2 or
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chem str1

%;elg.r Silicon oxide layer 3, to beused as a pad oxide, is first obtained at a thickness between
about 50 to 150 Angstroms, preferably at 100 Angstroﬁns, via thermal oxidation procedures. This
is followed by depositioﬁ of silicon nitride layer 4, at a thickness between about 500 to 1500
Angstroms, prgferably at 1000 Angstroms, via low pressure chemical vapor deposition (LPCVD)
or via plasma enhanced chemical vapor deposition (PECVD) procedures. The use of an anti-
reflective coating film overlying silicon nitride layer 4, priorvto photolithographic processing is
optional. Photolithographic and selective anisotropic reactive ion efching (RIE) procedures, are
then applied to define shallow trench shape 20, in silicon nitride layer 4, in silicon oxide layer 3,
and in the entire or in a top portion of SOI layer 2a. This is schematically shown in Fig. 2. The
anisotropic RIE procedure is performed using Cl, or CF; as an etchant for silicon nitride, CHF3
as an etchant for sih'qon oxide, and Cl; or SF¢ as an etchant for silicon, and the chemistry or

mixed chemistry chosen for etching of each layer is not limited to the above. Shallow trench




m xed chem stry chosen for etching of each layer is not limted to

t he above. Shallow trench 7 shape 20, is forned in the entire

t hi ckness of SO |ayer 2a, to a depth between about 100 to 3500
Angstrons. (For a body thickness <3500 Angstrons the depth is al

reach through, for >3500 Angstrons in body thickness the thickness

of 3500 Angstrons is fixed, just like the formation in the bulk
silicon. |If desired shallow trench shape 20, can be forned onlgﬂln .
top Por i\ 20fis EPmed hetherentie thitlaress sE80Tayer Aado bdentb hetysen phowt 530 183500
| ayer 2a). Wth a photoresist shape (not shown in to draw ngs) used
to defing &P@BJ. PYold B35 ThicB{bape3 509, Arfikirbrhs i dppthdeall mher thtouphyl fotreis00

5, of expgse ‘portionsof silicon nitride |ayer 4, is perforned.

This is acconpl.ished.vi.a i i Oead ik&ithfoaaioarin
CF4 as aﬁpgsﬁ%ﬁgﬁp thrle\I/lF%q%é %ctkhéeﬁggﬁs‘%gyoce Er?gl@tlijsi ng’%ﬁcot phosphori c
acid as an etchant _for, sjlicon nitride.,. Pull back -

schemat il sijipon-fiflesized %Fﬁ%‘%ﬁhﬂ%{pﬂ cqroRf 8”“2@?5’@%3@@?%?8‘1 of 501
Renoval of the shallow trench Qefinin?.phogoresist shape i s now
acconpl iisfee?h, virminitiag irea bottegeportionpH3OI lsysélur es fol | oned by wet

cl ean procedures. A buffered hydrofluoric acid conponent used in the
‘wet cl ean procedure results in renmoval of portions of silicon oxide

layer 3, expgsgrd phbtbREist Mpe Giol s iité drasngs) hisddac Hefrecbalityy grench
resulting in an additional silicon oxide pull back of between about
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procedur ica shown inFig.” 3. To repair the etched
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to fitl eichhixlltl, 81Y\£Jita ra%r!:(t: thh procedure using hot phosphoric acid as an etchant for silicon nitride.
Puliback 5, shown schematically in Fig. 3, is between about 100 to 200 Angstroms. Removal of
the shallow trench defining photoresist shape is now accomplished via plasma oxygen ashing
procedures followed by wet clean procedures. A buffered hydrofluoric acid component used in
the wet clean procedure results in removal of portions of silicon oxide layer 3, exposed after the
silicon nitride pullback procedure resulting in an additional silicon oxide pull back of between

about 100 to 200 Angstroms silicon nitride layer 4. The result of these procedures is

schematically shown in Fig. 3.

To repair the etched trench sidewall surfaces and also profect exposed surfaces of SOI
layer 2a, from a subsequent Ehemica]ly deposited insulator layer used to fill shallow trench
shape 20, liner layer 6, is formed to a thickness between about 100 to 400 Apgstroms, preferably

.at 200 Angstroms. Liner layer 6, shown schematically in Fig. 4, is comprised of silicon dioxide




shape 20, liner layer 6, is fornmed to a thickness between about 100
to 400 Angstrons, preferably at 200 Angstrons. Liner layer 6, shown
schematically in Fig. 4, is conprised of silicon dioxide 8 forned via
a thermal oxidation procedure perforned at a tenperature between
about 900 to 1200C, preferably at 11000 C. The thickness of silicon
dioxide liner layer 6, is optimzed to satisfy the conmer rounding
requi red by the subsequently forned devices. Silicon - germani um

| ayers ifdrmedpds e theroal dxidagion peockdugtiperforped at afemperiuanbstueenAbarctfirte
woul d be deleteriously altered as a result of germani um out gassing,
and poon26i°Cj preferablyar ] QnThxihitdneps af sitiyon dioxidé Hbaayen§.as optamized to
conprised of silicon oxide is next deposited via LPCVD, PECVD or via

(HDP) hisglyrri@Bgbink Irahﬁﬁﬂ% 8RABb 1he Sutk foRSed Bevices [Bik rmanium
bet ween abgﬁ? 5006.to 80 qungsgﬁons, ag%gggtely filling shall ow

trench shaper20. Wi {4 , ] I er
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via a CVP procedure for better planarized surface. |f.desired g R E
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silicon oxide layer 7a, wth the selective R E procedure termnating
at the appearance of the top surface of silicon nitride |layer 4. This
i s schemat i dasulayor laeo®m compfsey. of SilicGn bxideis nekt depdsited ek PAYDj BEGERtor via
selectively renoved preferably via a hot phosphoric acid treatnent
resul ti QHD??thTgB Qerssitly ipteaRiha Apshaion fréRdwehHtl 4 ivkhése betweap eiun gOGhoWN
schematically in Fig. 6. Altemately.a selective R E procedure may be
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next enp to prepare “exposed surfaces of SO |ayer 2a, for

deposit isﬁi@ox? foxi ie 1ayerGFaZ( ﬁ‘lox%ytﬁé to%'sur%c]é’o?gﬁic&? Xﬁijideelayem,e{s %-l:&nﬁ)]f-sﬁed viaa

CMP procedure for better planarized surface. If desired a RIE procedure can be employed using -

CHF; as a selective etchant for silicon oxide layer 7a, with the selective RIE procedure
terminating at the appearance of the top surface of silicon nitride layer 4. This is schematically
shown in Fig. 5. Silicon nitride layer 4, is next selecf:ively' removed preferably via a hot
phosphoric acid treatment resulting in the silicon oxidé filled shallow trench opening shown

schematjcally in Fig. 6. Alternately a selective RIE procedure may be utilized.

‘_Careful wet clean procedures using BHF as a component are next employed to prepare
exposed surfaces of SOI layer 2a, for deposition of Si;xGex layer 8. Si;xGex layer 8, wherein x is
the weight percent of germanium, can be obtained via a low temperatufe chemical vapor |
deposition (LPCVD) procedure using the identical apparatus used for polysilicon deposition.

The LPCVD procedure is performed at a temperature between about 500 to 700° C, preferably at




t he wei ght percent of germanium can be obtained via a | ow
tenperature chem cal vapor deposition (LPCVD) procedure using the

i dentical apparatus used for polysilicon deposition. The LPCVD
procedure is perfornmed at a tenperature between about 500 to 700 C,
preferably at 9 600C, using silane or disilane as a source for the
silicon conponent of Sil .CGex layer 8, while gerrmane is enployed ass
a source for the germani um conponent. Germani um wei ght percent X, is
adj ust ed007Ca Lfsit@wglm@‘ disélpng &5 agfourse (ferrthe siiepnsompanent o55iGadayar &y while
8, shown schematically in Fig. 7, is deposited to a thickness

bet ween gadouit iS@hbloyed BsOsongsfor thrgempnatecahponent Guddenivkvgsghtpasent x,
with a germani um wei ght percent between about 10%to 70% |f desired

Si 1, Ge. is JqNEEdd a I6WRath &veRIAEMAE aMd Berfhale. Sif. G flayeB BLLbRA kdl@matically in
procedures, for this case a target conprised wth only a specific
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tenperature-is selected to be less than the nelting point of )

Si 1_. GeJayer Suven b nbtained waldd. nyr-H sbuiterine prosedises, {irils Fase edargstsgmprisethe
oxi dation procedure in addition to converting the silicon conponent
of Sii_ widvonlypy §eciic pezest dfisitioon end cfgenhayen ciBbe ahployal. | Adtwsnately, silicon
segregation of germaniuminto the underlying SO |ayer to result. The
resul ti RgiHndedwih (SE G ol @lySisel $p oo 53,08l Ryerg/stal | ine Sii, Gex body
2b, conprised with a weight percent of germani um between about 10%
up to >90 % This is schematically shown in Fig. 8. Selective

rB? goyal of A cl:r&t?c% o 18 plr(?c\égl.rlre 1next %er?o%ted %fﬁ:%@g&f hﬁgan}( Eﬁbieﬁt ik

temperature béhveen about 900 to 1100° C. This temperature is selected to be less than ﬁe
melting point of Si;.xGex, wherein the melting point decreases with increasing x. The oxidation
procedure in addition to converting the silicon component of Si; xGex layer 8, to silicon oxide
layer 18, also allows segregation of germanium into the underlying SOI layer to result. The
resulting underlying SOI layer is now single crystalline Sij.xGex body 2b, comprised with a
weight percent of germanium between about 10% up to >90 %. This is schematically shown in
Fig. 8. Selective removal of silicon oxide layer 18, is next accomplished via a wet BHF
_procedure, also may resulting in a thinner silicon oxide component 7b, filling the shallow trench
shape. This is schematically shown in Fig. 9. Single crystalline Si;xGex body 2b, comprised
with a desired germanium weight content is now in the correct form to allow growth of an

overlying strained silicon layer to proceed.
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.. procedure, also may resulting in a thinner silicon oxide conponent
7b, filling the shallow trench shape. This is schematically shown in
Fig. 9. Single crystalline Sii,CGe. body 2b, conprised wth a desired
germani um wei ght content is nowin the correct formto allow growh
of an overlying strained silicon |ayer to proceed. 10 A selective
epitaxial gromh (SEG procedure is next enployed-to grow single
crystalline silicon or silicon - germanium]layer 9, on exposed top,
surfaces of Asiclgtiee eitpsiebgrpwie(SEG) proceshiyre isisat complovetiie erspsipgle euvgfalliue
is perfornmed at a tenperature between about 500 to 700 C, preferably
at 600 titic@b@Giliconi ggmminhankyer9, dh skpaedtopenrfades ofsihgle orysiolbing §hxGex
whi | e addi ng germane for a silicon - germani um opti-on. Single
crystal bpdie26i ThESRG bryedurd is fehfownedahasapdraatd hetwdenkbeut 5000 TE° C,

sel ectivel'y grown at "a thickness between about 50 to 200 Angstrons,

e poseabtialy e 8 ABAPC, a7 Mifpnd K BEMIRS, OFSRE dils ARl @Anane

exposed*top surfaces of $ing I ne dy 2b.

ability to grow the above | ayer on u rlvi.ng single crystalli .

S 1, Co forgeston smuaBtng o Sdhaprator HUFEYEY feSh EhGuol i,
magni tude of tensile strainis,a function of the weight perc$nt of
ger mani Gig. 19, insriestively gepvat #tg) thickpeps betwpenabons 0 @00 Angslyors, preferably at
Strained silicon layer 9, will now be used to accommbdate a MOSFET
channel 10@gingstrowistak channblathickness demanais, onbpon exppsedtop surfases of single erystalline
enhanced MOSFET performance. The MOSFET device is conpleted via:

f or mat i ) @k, Bbdgabe Thoasiligtte rdvaiRIabeve 18jdr ahaderBidg e trgatsitind;
depositing and definition of a conductive gate structure on the

inder VRSO0 AEHL 0 UR o B0 L ST m GRin
function of the weight percent of germanium in underlying single crystalline SijxGex body 2b.
Strained silicon layer 9, will now be used to accommodate a MOSFET channel region with
enhanced carrier mobility thus resulting in enhanced MOSFET performance. V'I'he MOSFET
device is completed via: formation of a gate insulator layer on strained silicon layer 9; depositing
and definition of a conductive gate structure on the underlying gate insulator layer; and

formation of a source/drain region in regions of strained silicon layer 9, not covered by the

conductive gate structure.

A second embodiment of this invention teaches a process which allows a first portion of a
silicon - germanium layer to be selectively formed with tensile strain while 2 second portion of
the same selectively grown silicon - germanium layer is formed with compressive strain.
Referring to Fig. 11, with the insulator filled STI structure in place Si and using the structure of

Fig. 6 as a starting point, Si;.xGex layer 10a, is deposited wherein x is the weight percent of

11




conductive gate structure. A second enbodi nent of this invention
teaches a process which allows a first portion. of ‘a silicon -
germani um | ayer to be selectively formed with tensile strain while a
second portion of the sane selectively grown silicon - germani um

| ayer is formed with conpressive strain. Referring to Fig. 11, wth
the insulator filled STl structure in place Si and using the
structure of, Fig. 6. as a starti_n% point, Sil,CGe. |ayer Jb(%a, a'is
deposi t sAmaRERe| Hi-xdes layprel Qiesagragais be obpined (iaja oy PRATAYH, chemical yeper

| ayer 10a, can again be obtained via a | ow tenperature chem cal vapor
deposi t depositibP(MITVD) proeddiureausing theidehtécal epmratesalsedifop apksilicondepgsifion.
polysilicon deposition. The LPCVD procedure is perfornmed at a

t enper atTr¢ EPOPDWRGdkdalRasherfeded Bt 2/@RiGeratisd Bgwsdd aboet 500rto ADGC, asieg dlana
source for the silicon conponent of Sil xGex |ayer 10a, while using

ger MANE,Afisifine 30K EdiFod BF 1He 3ficB EAmMHR HNTDERE Bver (GAI WY WilRhkHe as o

percent X, 1S adjusted via s of “silane and ger mane.

Sil,;CGex layer 10a, is deposited.to a thickness betweer

Do Th00 AL e tiph FERRelt GrBatRRRe PRt b I SO e
wei ght percent_ between about 10%to 70% lf.d&sir d Sl _,,; Gex Ia¥§6
10a, calevelsobsilane Aedigsmane . Hi«Gsx layer 10agis depesite 5)&%}%‘8%56??? en about 500
Phot oresi st shape 11, is next fornmed and used as an etch nask to

al | ow r enis0alAngstroms pteferkbly entiog] Angstrams, oyithoogarinemunf weght pricent Hebyasp
10a, to be performed. A RIE procedure enployed using 2 or SF6 as

an et chaydut 1@ 4 V6% If ddbRedSil aGd)1BRE 10d, cddbevtedindd via XCeor(r.fl sypeerideOb,
now at a thickness between about 0 to 500 Angstrons, overlying a

second BI%E&%U%% Phorafdsist S4BE 1£3s ndAl 88:A1RE AndPREI129 B8 eh nakk tdRow R¥8Yal or
10a, at” a thickness between about 500 to 1500

partial removal of a top portion of Si;.xGey layer 10a, to be performed. A RIE procedure
employed using Cl; or SFs as an etchant results in the attainment of thinner Si;.xGex layer 10b,
now at a thickness between about 0 to 500 Angstroms, overlying a second portion of SOI

layer 2a. Unetched portions of Si;.4Gex layer 10a, at a thickness between about 500 to 1500
Angstroms remain overlying a first portion of SOI layer 2a. An option for a hybﬂd structure is
the thinning of layer 10a, to where tile thickness of layer 10b, is 0 Angstroms (i.e., total
removal), resulting in no germanium entéring underlying region 2a. This could be used for the

subsequent formation of, for example, leakage sensitive devices or the like.

After removal of photoresist shape 11, via plasma oxygen ashing and wet clean procedures
a critical oxidation procedure is performed in an oxygen - steam ambient at a temperature
between about 900 to 1000°C. The oxidation procedure is employed to completely convert the

unetched Si;«Ge, layer 10a, to silicon oxide layer 20a, and to completely convert thinner Si;xGex

12




Angstronms remain overlying a first portion of SO |ayer 2a. An option
for a hybrid structure is the thinning of |ayer 10a, to where the

t hi ckness of | ayer 10b, is O Angstrons (i.e., total renoval),
resulting in no germani umentering underlying region 2a. This could
be used for the subsequent formation of, for exanple, |eakage
sensitive devices or the like. After renoval of photoresist shape 11,
via plasma oxygen. ashing and wet clean, procedures  a critical .

oxi dat i @aerpkobc%cﬁ&f@nioyd;gsééw(%a”h? AXIgAHanRFBReAIe agpin Aelihig segesdtion of
tenperature between about 900 to 1000C. The oxidation procedure is
enpl oy egermaniuonipteumsieslying SO ayert 2re ThewatestefGSiegreg@ion intayls undgeying §OI
silicon oxide |layer 20a, and to conpletely convert thinner Si 1l XGe.
12 | ayelaybr Zbis af fan&ioniof @it thicketss biearedun? Obgermbsiumh datoverlying preeskidized
again results in segregation of germaniuminto underlying SO |ayer

28. The sEXEeNtayfll s{de SE06EARI A0b, il el fhab! BALLNRLSIR e, 148y Fla, R8s

is a function t hickness or anobunt of germaniumin the
overlyin re-oxidized . Sil,Gex Jda Since Sil, . ; CGex e is
b hnr SARARET et ol t FRge R ROL P ur o' pRBatcR Ve 161 of

segregation into the underl|lying SO |ayer occurs when conpar to, t
evel gogemam%ﬁgcﬁgﬁw@gth%/ pertiop g §OT %@erp?@r wdaﬂwas-gsd%%rﬁwﬁgﬂ}th siif
underlying Sii,Ge. layer 10a with full as-deposited thickness. The
oxi dat i esdgposiceidthicknesé. The oxidutionipegeedurs 06 SiraGe.daysr 802t eprearkidized

t hi ckness between about 600 to 800 Angstrons, (with [Ge] at 50% as an
exanpl ejhicikikisBabreed AbSBITON K0 SEUALGELME (With [GeTatrS0Pfastuncaahylep gllswvangl e
crystalline body Sil _xGex 2b, wherein x the weight percent of

ger Man! el %e%a&&ﬂ/t%to%dﬂiﬂﬁn&?ﬂ)hg%ﬂg]fe@?sltéuih@Nﬂy S2D.Gel, 3b,ReHeABER the

about 6 80 percent, resulting’in a final thickness of about 500
Angstr O%igh;rgeefcesn? HPge?-éfa&%H R @in%feoc(fj?sgﬂﬁx?e body SiixGex layer 2b, is between about 60 to

80 percent, resulting in a final thickness of about 500 Angstroms. The same oxidation procedure
applied to thinner Si,xGex. layer 10b, results in single crystalline Si;.xGe, body 2¢, wherein the
weight percent of germanium is only between about 20% to 40%. This is schematically shown

in Fig. 12.

Selecti;i.'e removal of silicon oxide layer 20a, and of 20b, is next accomplished via a wet
BHF procedure. This procedure also results in thinning of the silicon oxide shape of the STI
structure resulting in thinner silicon oxide component 7b. This is schematicaﬂy shown in Fig. 13.
The selective epitaxial growth (SEG) procedure previously described in this first embodiment of
 this invention is agaih employed to grow single crystalline silicon-germanium layers on exposed
top surfaces of single crystalline' SixGex body 2b, and Si;.xGeyx body 2c. The SEG procedureis

performed at a temperature between about 500 to 700°C, preferably at 600°C. The silicon-
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applied to thinner.Sii_xGex. layer 10b, results in single crystalline

Sil,Gex body 2c, wherein the weight percent of germaniumis only

bet ween about 20%to 40% This is schematically showmm in Fig. 12.

Sel ective renoval of silicon oxide |ayer 20a, and of 20b, is next

acconplished via a wet BHF procedure. This procedure also results in

thinning of the silicon oxide shape of the STI structure resul ting

I n thinner silicon_ oxide conponent. 7b.. This is che |ca gawn I n

g, | SgermEIaTE A Ao verbrie R ARtgn O ERTERE S SO BT 6 P Ave 4GY1 y

described in this first enbodi ment of this invention |s agai n

enpl oy eSingle corstallirsi silipor - gerpenain (SieGei)llieo b2 et mnkoess Iba?\éﬂﬁ% alpgt 50

exposed top surfaces of single crystalline Sii, Gex body 2b, and Sii

Gex body 220 AnkBeorsthiph@eRaith€underlyidg shisstrary] paéfelab]tyatmm Ahgrtremsgis ween

about 500 to 700C, preferably at 600C. The silicon 13 germanium | ayer

i s achi | r he
seyﬁl é\}}rgrog\tﬁﬁ g@%hﬁ@ﬁg Sﬁf‘?ne ! l% b4 RichbiBfisd Wit #R8siRstrain. T

di si | ane |con - germanium (Si 1, Gej | ayer

12a, at hi ckness hetween ab o An t han
the. undiemrilsiHER SERCER 3 5Ee soate oy sTBirRRGR AR  MOHARE Vi

sel ectively grown on underly Si 1, Gex bod 2b and is rlsed
with a sclessve epitexiaherowtirer w@%glwpg Siafigi 'PPd\fJ/’ Ry SATARIISEH Wi ﬁ%ﬁga%
crystalline silicon - germaniumlayer 12a, is achieved via selective
epi t axi abight mentent stween abouiei0% tor8)%i The Eosiletstraip of singtemystallinecsiligonh a
germani um wei ght percent between about 60%to 80% The tensile

strai n RierS2AgVE MoySdnBhdcementoflelee@n mbBiiey tobeacalinkd thus biiteweing the
enhancenent of .electron nobility to be realized thus enhancing the

per f or S e%f Qﬁl%g?{ﬂegﬂif YablieREd RREES aWVES. HIRVaAR SEGI Hc&RiEresioin the

pr ocedur e res ts in
selective growth of single crystalline silicon-germanium(Si;..Ge;) layer 12b, on underlying

Si;.xGex body 2c. However single crystalline silicon - germanium layer 12b, is comprised with
compressive strain as a result of growth on underlying Sij«Gex body 2¢, which is comprised with
a lower germanium weight percent between about 20 to 40 weight percent, than counterpart
Si;..Gex body 2b, because x<z. The compressivé nature of single crystalline silicon - germanium
layer 12b, will allow enhancement of hole mobility to be realized thus enhancing the

performance of subsequently fabricated PMOS devices. The result of the SEG procedure is

schematically shown in Fig. 14.

A third embodiment of this invention features the growth of a single crystalline layer
. (Si)Ge,) 12a or 12b, on underlying layers Sijx Gey and Si;.y Gey, wherein the germanium content
' [z] is zero weight percent. Silicon layer 12a, featuring tensile strain is grown overlying the

silicon-germanium body (Si1.y Gey) comprised with the greater germanium incorporation, while
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selective gromh of single crystalline silicon-germanium Sil zGez)

| ayer 12b, on underlying - Sil_xGex body 2c. However single
crystalline silicon - germanium | ayer 12b, is conprised with
conpressive strain as a result of growh on underlying Sii_,; Gex body
2c, which is conprised with a |ower gernmani um wei ght percent between
about 20 to 40 wei ght percent, than counterpart Sil_, Gex body 2b,
because x<z. The conpressive nature of single crystalline siJicon .-
ger mani eompresaiyely straived sificqn layqr d@b isrgrave endiersiiponiggiaanigg g?%t g§11tx?§f°b)e
realized thus enhancing the performance of subsequently fabricated
PMOS delvdvigsthe Ibiser pasahiunodontérgraBéG procedure is  schematically shown
in Fig. 14. A third enbodi nent of this invention features the growh
of a single crystalline layer (Sil,G2) 12a or 12b, on underlying

layers Sil, Cﬁﬁélhﬁ@ﬂar?in_ﬁetﬁ oBR sehRBh @ichr i ORIUS) dERREd ih GOW IR TormddAtheréin
zero weight petcent. Silicon layer 12a, featuring tensile strainis

gr own Lng the . silicon-germni i, V. 5
W eh MR 5 vl RS BBt sRe g in Skl GRIEAGHcon
strained silicon layer 12b_is grown on_ the silicon-ger i u dy .
(Sil_, ; lapgd2adylerguptamart SHEPS devitrsan ke ?qswe@ﬁ? éﬁ%ﬁ?@ﬁﬁﬁ%ﬁ@h@%ﬁle
met al oxi de sem conductor (CMOS) devices can now be fornmed wherein
NVOS deuystalting siicdnda¥eyd e dhersomptetion nfithe €3O8 [devicssdnathisbgdts ingulater layer
single crystalline silicon |ayer 12a, while counterpart PMOS devices

can be fopme®een béth BinglRhanetithendliconiBlet 124 andi bsdefglition of nystductivengate
silicon layer 12b. The conpletion of the CMOS devices feature: gate

i nsul at g, Lu?a/s&_{ ﬂ:_eﬂ;ﬁ&éﬂ?%g%&t@iﬁ%ﬂat_%} R¢Larkd Pthattdnl o¥an § dypeard B gper 12a
and 12b; ée Inition of a conductive gate
source/drain region in regions of the strained silicon layers not covered by the conductive gate
structure. The ability to form the Si;  Ge; bodies and the overlying strained silicon layers after
STI formation and after high temperature processing did not allow the integrity of the above

layers to be degraded.

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

change’s in form and details may be made without departing from the spirit and scope of this

invention.
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structure on the underlying gate insulator |ayer; and formation of an
N type and P type source/drain region in regions of the strained
silicon |layers not covered by the conductive gate structure. The
ability to formthe Sil, Gex bodies and the overlying strained silicon
| ayers after STI formation and after high tenperature processing did
not allow the integrity of the above |ayers to be degraded. Wile
this i nveningis BpSmesn particularly shown and described with
reference to, the preferred enbodi ments thereof, it will be

under st ood ?@;h%ﬁgd (létl Cs);u?&%cgse%{l%ondnabr l\égg?r fﬁe rget% &?&es in form

and details ar Irit and scope

of this inventio A nethod of form,.ng a
strai ned se?ﬁnE:‘B?fH{‘}EtPB ‘elfiﬁgé?t traar»lsfaf @8%]%‘5&416&93 QISR AT Off el d
effect transistor (MOSFET) device, |S|ng the steps of:

provi ding a spﬁgtbm&aysﬂabnﬁwﬁmSéﬁﬁ@ tordedbody; form ng an
insulator filled, shallow trench isolation (STI) structure in a top

portion 5 of f(ﬁ'ﬁ]iiﬂ:g a1 ingll storchiljeslt stallowareaeisclatial (STOy stinoulys infagoprpomtiom
sem conductor alloy layer; perform ng an oxi dation procedure to

convest sai gr sgik g@g@%gﬁw@&£ggmﬁﬁﬁe50&@ an insulator |ayer and
segregating a portlon of a netal conponéent of said sem conductor

al l oy layer i ﬁg%- t&Bnt%ﬂE&SPﬂR@l%%hd single crystalline
sem conduct or resultrng 1 n
performing an oxidation procedure to convert said semiconductor alloy layer to an
insulator layer and segregating a portion of a metal component of said semiconductor
alloy layer into a top portion of said single crystalline semiconductor body resulting in
10 formation of a single crystalline semiconductor alloy body;
removing said insulator layer; and

growing said strained semiconductor layer on said single crystalline semiconductor

alloy body.

2. The method of claim 1, wherein said single crystalline semiconductor body is a
15 single crystalline silicon substrate, comprised with a <100> crystallographic

orientation.

3. The method of claim 1, wherein said single crystalline semiconductor body is a
silicon on insulator (SOI) layer, wherein the thickness of said SOI layer is between

about 100 Angstroms to 0.5 um.
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10 formation of a single crystalline sem conductor all oy body;
removing said insulator |ayer; and grow ng said strained

sem conduct or | ayer on said single crystalline sem conductor all oy
body. 2. The method of claim1l, wherein said single crystalline

sem conductor body is a 15 single crystalline silicon substrate,
conprised with a <100> crystallographic orientation. 3. The nethod
of claim1, wherein said single crystalline sem conductor body is a
silicon on insulator (SO) |ayer, wherein the thickness of said SO

| ayer is be en b Angstr o The t had. of
oram 1 onb e BREst i, SRS i elt Byl ST Spibnrd G FRAYR
oxi de flllgﬁ STl structure, epth of sai str fture

in said sin @%T&%waﬁurqawer%%@%@eﬁ%aﬁs cfuze P B%ﬁllea%%%i“ifbo

to 3500 Angstrons. 5. The nethod of claim1, wherein said
seni conduct esmiadridugtor bydsris betwaensitiout Ui to 350@éngm“ntsm (Sii_xGe,)
| ayer, wherein x is the content of germaniumin Si 1l XG" between

about 10 t o5.7Themétgdtd offddimer) twhefein seidseifitdnddctof alllydayer &, a siiwnei n sai d
sem conductor alloy layer is obtained at a thickness between about

S00 t§ 1500 g%ﬂﬂa?ﬁﬁxﬁ'(@, Gy ﬁp&%ﬁéﬂem\éﬁg‘ﬂ{e ééﬁﬂﬁﬁéft%ieﬁﬁam&h%gﬁ%as such
as a |low tenperature cheni cal vapor deposition (LPCVD procedure

between about 10 to 70 weight percent.

6. The method of claim 1, wherein said semiconductor alloy layer is obtained at a
thickness between about 500 to 1500 Angstroms via chemical vapor deposition

procedures such as a low temperature chemical vapor deposition (LPCVD) procedure.

10 7. The method of claim 1, wherein said semiconductor alloy layer is obtained at a

thickness between about 500 to 1500 Angstroms via sputtering procedures.

8. The method of claim 1, wherein said oxidation procedure is a thermal oxidation
procedure performed at a temperature between about 900 to 1100°C, in an oxygen -

steam ambient.

15 " 9. The method of claim 1, wherein said single crystalline semiconductor body is a
single crystalline silicon - germanium (8iy,Ge,) body, comprised with a germanium

content between about 20 to 80 weight percent.
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10 7. The nmethod of claim1l, wherein said sem conductor alloy |ayer
is obtained at a thickness between about 500 to 1500 Angstrons via
sputtering procedures. 8. The nethod of claiml1l, wherein said

oxi dation procedure is a thermal oxidation procedure perforned at a
t enper ature between about 900 to 1100C, in an oxygen - steam anbient.
15 9. The nmethod of claim1, wherein said single crystalline

sem conductor body is a single crystalline silicon - gernmani um
(Sii_xCGe,;) body, conprised with a germanium content between about

20 to 80 Weilghfh L5 cldid ll%he;gﬁ?sdﬁ tpﬁﬁied%temfclo J@td’r’la ?sraegi léai d

strai ned senlcoeﬁﬁctor a er’is a S|ng% crysta?§|ne iTicon1ayer

o o v R B B ot aiBrerea m

1, wherein said strained sem conductor |ayer is conprised of 5
tensile strBicknesspetyeenabons 80 &t 2G0Aegstamisng the formation of a
tensile strained silicon |layer and of a conpressive strained silicon
| ayer on underlying sem conductor alloy bodies, perforned after
formati on of1.iThewetligdroficidith @dwhedsil dailsttatned edmicsaluator tiyer iSTbthprised of
structures, conprising he steps of 5 providing a single crystalline
silicon bodymmﬁgﬁﬁmyg said insulator filled, STl structure in a top
portion of said single crystalline

12. A method of integrating the formation of a tensile strained silicon layer and of a
compressive strained silicon layer on underlying semiconductor alloy bodies,
performed after formation of insulator filled, shallow trench isolation (STI) structures,
comprising he steps of:
5 providing a single crystalline silicon body;
forming said insulator filled, STI structure in a top portion of said single crystalline
silicon body;
depositing a silicon - germanium (Si;x<Gey) layer;
performing a patterning procedure to thin a second portion of said Si;.xGex layer in a
10 region in which said second portion of said Si;xGey layer overlays a second portion of
said single crystalline silicon body, while a first portion of said Si; Gex layer located
overlying a first portion of said single crystalline silicon body remains unetched;
performing an oxidation procedure to convert the unetched first portion of said

Si).xGey layer and thinned second portion of said Si;,Ge, layer to silicon oxide,
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silicon body; depositing a silicon - germanium (Sil_,; Ge, () |ayer;
perform ng a patterning procedure to thin a second portion of said
Sii.. Gex layer in a 10 region in which said second portion of said
Sii_xGex |ayer overlays a second portion of said single crystalline
silicon body, while a first portion of said SiyxGex |ayer |ocated
overlying a first portion of said single crystalline silicon body

remei p§ unet&ReingREHRENINRE Glstllkhéldlitdiboly QCLHKE ngle cEoRMRE Silt e,
unetched first portion of said Sil-xGex |layer and thinned second

portion o ﬁ@d@@i@;@@&%mw@t@%ﬂﬁé ggéé}ﬁ{aﬂﬁmf, Flgtgcan%eﬁﬁg\éﬁagécegd

said first si i ne si to a t sing

el man um SRECEORGLPE R R Bacbrerd e d By OB Tt

body to a second single crystalline Sit,Gx body conprised wth a
second wei gWith3speand tweight gatcenof gRManB¥EYi ng said silicon oxide

- layer; and selectively formng said tensile strained silicon |ayer on
said first siregleyingspit alidanrxideSayer; a8d, ; | ayer and form ng said
conpressive strained silicon |layer on said second single «crystalline

Sii. Gexlayer seldsbivel}TermiiBE bad teabilcdtaaidd licomagsinakidingt Sghkgdrgstalline
crystalline sem conductor body is a 5 single crystalline silicon

substrate ¢ LS 1 - [aYaT \: i o
Tha method. STRahS Roeih fockin (0 SRl ehle sRARAPR Cornby £ Th Ml Ahond Mgl

body is a crystalline Si;,Gey layer.

13. The method of claim 12, wherein said single crystalline semiconductor body is a

5 single crystalline silicon substrate comprised with a <100> crystallographic orientation.

14. The method of claim 12, wherein said single crystalline semiconductor body is a
silicon on insulator (SOI) layer, wherein the thickness of said SOI layer is between

about 100 Angstroms to 0.5 um.

15. The method of claim 12, wherein said insulator filled, STI structure is a silicon
10 oxide filled STI structure, wherein the depth of said STI structure in said single

crystalline semiconductor body is between about 100 to 3500 Angstroms.

16. The method of ¢claim 12, wherein said silicon - germanium (Si;.,Ge,) layer, wherein
x is the content of germanium in Si; xGe,, is comprised with a weight percent of

germanium between about 10 to 70.
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silicon on insulator (SA) |ayer, wherein the thickness of said SO

| ayer is between about 100 Angstroms to 0.5 um 15. The nethod of
claim12, wherein said insulator filled, STI structure is a silicon
10 oxide filled STI structure, wherein the depth of said ST
structure in said single crystalline sem conductor body is between
about 100 to 3500 Angstroms. 16. The method of claim 12, wherein said
silicon - germanium (Sil_,;Ce,;) layer, wherein x is the content of

ger mansum i N7 He feetkod bEcISRINTY, WheRinMald Sig, & 1984 isRBfagfRadtat fthickness
ger mani um bet ween about 10 to 70. 19 15 17. The nethod of claim 12,

wherein sal %ﬁ\@e%n abdut Sb@%elgﬁogm Fcﬁbmg ﬁegrépotsvg]%cﬁ‘lﬁgﬁg‘s?tm B&‘ﬁﬁl@s% ut

500 to 1500 ngstrons VI a vapor I on” procedures suc
as a |l ow tenpe re chenl a 0S D) procedure. 18.
The et hod" aF 3 L et Hiduies] B0 feBRT SR L BN R o RnBry i ned at o
t hi ckness between about 500 to 1500 Angstrons via sputtering
procedures. 19. The nethod of claim 12, wherein said patterning
procedure | slSthefroqath@ijoi@,mgl?awhp@amaid/%n i(om layerisiohtpigeriagy thitkaessdur e
enpl oyed using Cl2 or SF6 as an etchant. 5 20. The method of claim
12, wher ei n Hdneednhabokti@sso v50Angtrothk Riaspatethgposdedmns.of said Sii_,;

Ge,1 layer is between about 0 to 500 Angstrons. 21. The net hod of
claim 12, wherein said oxidation procedure is a thermal oxidation

procedur e pgbf-HidTREnEE ofcldifi L WikbiiFsaRFS AR E AROHduRA0 phiforitd Qg LN

an oxygen -

reactive ion etching (RIE) procedure employed using Cl, or SF; as an etchant.

5 20. The method of claim 12, wherein the thickness of said thin second portion of said

Si;xGex layer is between about 0 to 500 Angstroms.

21. The method of claim 12, wherein said oxidation procedure is a thermal oxidation
procedure performed at a temperature between about 900 to 1100°C, in an oxygen -

steam ambient.

10 22. The method of claim 12, wherein said first single crystalline 81,.,Gex body is

comprised with said first weight percent of germanium between about 60% to 80%.

23. The method of claim 12, wherein said second single crystalline Si;.xGex body is

comprised with said second weight percent of germanium between about 20% to 40%.

24. The method of claim 12, wherein strained silicon layers are single crystalline
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steam anbient. 10 22. The nethod of claim 12, wherein said first
single crystalline Sij. Gex body is conprised wwth said first weight
percent of gernmani um between about 60%to 80% 23. The nethod of
claim 12, wherein said second single crystalline Sii_,Ge,; body is
conprised with said second wei ght *percent of germani um between about
20%to 40% 24. The nethod of claim 12, wherein strained silicon
layers Bre sinigon layepsobiginedreia selective spitaxizd gravetl FEGhiproesdnese tovd duickness
selective epitaxial growh (SEG procedures to a thickness between
about 50 to Z@fwdengbbtutditeo 200 Angteoniet hod of claim 12, wherein a
strained sem conductor |ayer is conprised of . tensile strain. 26. The
met hod of claim 12, wherein a strained sem conductor |ayer is

conprised of ,LqAPLRANIWE Bk %b,nWh&éin a strained semiconductor layer is comprised of

tensile strain.

26. The method of claim 12, wherein & strained semiconductor layer is comprised of

compressive strain.
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