METHOD OF FABRI CATI NG STRAI NED CHANNEL DEVI CES
BACKGROUND OF . THE I NVENTION (1) Field of the Invention
The present invention relates to methods used to

fabri cate sem conductor devices such as netal oxide
‘sem conductor field effect (MOSFET) devices, and nore
specifically to devices fornmed with strained channe
regions. (2) Description of Prior Art Enhanced
performance of MOSFET devices has been addressed via
devi ce channel regions forned in strained | ayers.
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as well as N channel (NMOS) structures via formation
of channel regions in strained |ayers. Formation of
strained layers such _as a strained silicon |ayer can
be acconpl i sh@tf‘% ROUNI? O5THE WKENI PN on | ayer on
an underlying substrate or |ayer -conprised of silicon
- germaniumor silicon - germani um carbon. The
magni tude of strain as well as the type of strain,

(1) Fiekindithelnoentanpr essive, is a function of the |evel of
germaniumin the underlying materials. To achieve the-
desired properties of the strained |ayer the
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nlun1é§ er or. alike substrate into a MOSFET
graipeg eLEg§ifce has to be careful Iy
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(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 formatidn of the silicon 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



The present invention will describe process

i ntegrati on sequences in which the critical silicon -
germanium material layer is not adversely effected by
subsequent MOSFET processing steps such as fornmation
of shallow trench isolation (STlI) elements, or high
tenperature anneal procedures. Prior art such as.Chiu
et al in US. Pat. No. 2004/0209437 A, Koester et a
in US Pat. No. 2004/0164373 Al, Ngo et al in U S.
Pat. No. 2004/0137742 Al, Wang et al in U S. Pat. No.

of the§icbn0 LR8N ayePs: AlRE Eub%ﬁat@%’ff) AMOSFERHeVi&: Hoéss §Qhience has
No. 5, 308, 785, describe methods of form ng i'solation

tobcg&@ﬂm&%&sénkﬂwgtralned silicon and in underlying
licon - germanium | ayers. The above prior art

homever does not teach the process integration
ence r.ese i nvention,in which specifj .
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steps swheastforonativn of gnltve tehdiFkd adev{STE dlendnts, onbigh tasrdiele anneal
region incorporated in a strained layer. It is another
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and the underlying silicon - germani um bodies only

U.s. P16, H00/0064399 Af}qf Nﬁglet allih B Paf No. 26%4((?7113;72%291&5 I ‘BVang et al in

anot her object o 'S Invention to

s S O 0 5 i AR U G5, 14 00 e

rl siljcon - foIIo
methg TR SPGB FRIBT oo & W 2y ahicon -
germantum 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..



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 (CMOXS)
device via formation of a tensile strained |ayer for a
NMOS device, and of a conpressive strained |ayer for
a PMOS device. It is yet a further object of this

I reestill amothieoolggdt iofithieinidiion as forml the asleidn silievh €gSmanium
surface - Channel operating node thus to achieve
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short channel effects. In accordance with the present
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overlying silicon - germanium | ayers are obtained

ter formation qof. specific_ deyice feafuyres such as . )
SHS sugitier QRIGaf HRRnvRRUTHAP PR {yrERe & lifos gz (Si-Ce} in
is first defined by a conposite |layer of silicon
selective preareonly, §p bylridhstsiugs, forditferept wrcais gpplisetiensesan b¢ formed and
either a silicon substrate or in a top portion of a
integBitéd inahe sameQxdfele (SO ) substrate. Subsequent to
patterning of silicon - nitride, silicon oxide,
etching into then exposed silicon region, and
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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 patterning 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,



layer. A first enbodi ment of this invention features
an oxi dation procedure in which germanium is
segregated into the underlying silicon body resul ting
in the desired silicon - germaniumbody to be used to
accommodat e a subsequent overlying strained Silicon
| ayer. Renoval of the oxidized material exposes the
now fornmed underlying silicon - germaniumcrystalline
(Sil,Gex) body wherein x is the weight percent of
germaniumin the Sil _,,Ge,, layer. The desired

bottost, biad wedormeisl dfdwtorel S vietivel Beadlp Xlie deginedVHGtruttareds formed via
sel ective epitaxial growh (SEG procedure fornmed on

insulitBEfill WRPgHekiédD eheERRRILEb1Bhing GEMP t) BRI durés. Sﬁﬁ:@ﬁ‘ Hitride removal and
enbodlnent of thls i nvention fea ures the formati on of
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phot ol.i t hog hic and dry. etching procedures are used
is se&regatem iptoghe '&@ﬂwﬁg stlicempodygpspltingsn a9 desiged sliqone ggrmantum body
gernanlun1layer in a region of the MOSFET device to be
to bewsabitofaoronmmodatamsibsameitowerlyiap straimad SihcondaynRampyehef the
oxi dati on procedure results in gernmani um segregation
oxidizéd Matelis] expdrde tHeoRFofhdd 16@6r1¥iag Yilivbd NeepmaigdtceystallmeqBi, Gex)
of germani umincorporated into the portion of -silicon

bodydHLYeit REASHE Ve8¢ ﬁé}s‘en%' BEsERR R in b EﬁFQfxcx layer. The desired strained
polycrystalline silicon - germanium [ayer,” whe
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on o TTcon nner
line,si,licon - gernanlun1layer Rermoval of
“ndeﬂyﬁl % (??"ﬁ %Yo | owed by SEG of a thin silicon -
germani um [ ayer, wth the chosen [ Ge] concentration
bet ween the two 4 under| substrates concentration,

wiIsecand spibpdimengoldhisievsat on Wﬁﬁh%f?rmmo foath tensilp gtrained
sﬂlcotne ngsel'[ilzgllum and compressively strained silicon - germanium for the same MOSFET
device. After deposition or sputtering of a polycrystalline silicon - germanium layer,
pﬁotolithographic and dry etching procedures are used to thin a portion of the polycrystalline
silicon germémium 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 silicon body with a greater level of germenium 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 - germanium layer. Removal of oxidi;ed material followed by

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



strain overlying the silicon - germanium body with-the
greater germani umincorporation while a conpressively
strained silicon - germanium |l ayer is grown on the :
silicon body having the | ower gernani um
concentration. The top layers for all regions will be
designated as SiGe. while SiGe,, and SiGey will be
the two underlying layers, z chosen to be x<z<y.
Subsequent MOSFET processing such as gate insul ator
growm h, conductive gate structure f-ormation,

undedying subksigates concdmiwation, ivall resubrsmb tilicon gkt laey fantiring tensile
featuring either PMOS, NMOS or CMOS devices. A third

strainl dveflfihg @it silfcoh higgrmAULNbOBWikieAE drdker g&ﬁnaﬁﬁﬂy\ﬁlborﬁﬁraﬁon while
thin silicon | ayer on underlying 1ayers SiGe
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DRAMYNGS The obj ect and ot her advantages of this
processingsichon gaie énsuimr googhrdobdurtive gath etrgntert éemmation, source/drain

enbodi nents with reference to the attached draw ngs
formdtioal resulcinuddOSFEGlevite feafuling sithe PNO R EMI0 o CMOB rlevices.

cross-sectional style show key stages of fabrication

for either a tensile or conpressive strained silicon
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silicon - germanium layer is grown on the silicon - germanium body (S1Gex) 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 dra“dngs 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.



formed after STI formation. DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS The net hod of form ng strained
silicon |layers on an underlying silicon - gernani um
body for incorporation of MOSFET channel regions,
wherein the strained silicon regions and underlying
silicon - germani um body were forned after formation
of specific device features. such as shallow trench
isolation (STlI) structures,- will now be described in

gstall ge ) ﬁyctor substrate 1, shown

B e Fh sohemaigally i prossceseprabeic show kagteges for integration
crystalline, P type silicon, featuring a <100>

of bo@:rty@qﬂgpp@) @‘P@Iﬁ)"ﬂﬁ@"edﬁ'ﬁ@ﬁ@ kyers on aTinderlyipstili@me germanium body, again
orientation is not critical for this invention and

formedrafier 8&hfobmatiomy ori entation if desired without
detracting fromthe spirit of this invention. If
desired a silicon on oxide (SO) Iayer 2a, can be
formed on sem conductor substrate 1, to reduce
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using the SO option with silicon |ayer 2a, at a ‘
i ckn et.ween .about 100 Angstrons to 0.5 um (100
Qﬁl& “r‘ﬁ?fﬁf’f\ﬁﬁ % siraingd selipon davgrsiananiumderlyieg silieondt gempanium body
be a full eted body while SO at a thickness of
for inggsperation 591 MW&ﬁﬂ"lchmehreg@ns,wdie@n the sprhiatdstliboady¥ions and
Layer 1, can also be a buried oxide |layer for exanple
undel\]{}mllg'mhc:dnhlgeknﬁm bedyweere foﬁkﬁlafteﬂ-ﬂﬁﬁatﬁﬁlgﬁ'tsﬁéﬁﬁc de@uo@ features
um Not shown in the drawings are N well and P well

such ds&hullyvs tréh Bt dnTS BPsrhdtihRs, wil nobbeWe6HBER Hidetil
PMOS and NMOS dev?cgg‘ The melln?egfons can be miconductor
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invention and thus can be any orientation if desired without detracting from the spirit of this
invention. If desired a silicon on oxide (SOI) layer 2a, c;au be formed on semicondﬁctor
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, at a thickness
between about 100 Angstroxﬁs to 0.5 um, (100 Angstroms will be called an ultra-thin body and
will be a fully depleted body while SOI 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
n _SOI layer 2a, to acco'mmddate 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



activate the inplanted ions: It is inperative to form
the well regions prior to formng the strained
silicon and underlying silicon - gernmani um bodi es
since the high tenperature processes of well formation
woul d result in unwanted out gassing of germani umfrom
a silicon. germanium materials. Formation of a-shall ow
trench isolation (STlI) structure is next addressed and
schematically shown using Figs. 2 - 6. The process
steps, dry etching, liner formation, etc, could again
boropy @rsspis pheTPEPIPUS ARdIEnerantimeny.fpliepred by Tigh emperagirg anpealing to
silicon layer as well as an underlying silicon -
activgfe themplanteddoiys, It isenpératie to fienSThe wetlregionsrprior & foonimg dhe
prior to formation of these layers. Silicon oxide
strairled piicod and undeglyiug eilicars- gerpasiumbodtes sinse fhethdh telapahtnflhrocesses
~at a thickness between about 50 to 150 Angstrons,
of wall RERERRI Woul rebRPirARSRhIR TR gabkiRe b EEHBhnAGHRE s®Bon -
procedures. This is followed by deposition of silicon
Jf L .qyer 4, at a thickness between about 500 to-
gmﬂ%@%@dgﬁﬁ%g'rons, preferably at 1000 Angstrons, via |ow
pressure chem cal vapor deposition (LPCVD) or via
pL.asma enhanced chemical ,vapor deposition (PECVD)
pFEeton ek Sh?ﬁ%W %@choiﬁolalﬁpﬂa(%tm stugiureds pexteddigased and
filmoverlying silicon nitride layer 4, prior to
scherpptipaly shavogusistiies. B 6c dds pragessssteposiry oighing, liner formation, etc, could
Phot ol i t hographi c and sel ective ani sotropic reactive
again defet@fonblyrinfhiehtdthe piregirg of £grairmadailicoh tayengpldlied abanderlying
define shallow trench shape 20, in silicon nitride
silicon@YeRfm#hiurh Body, tHes&tbreaid SIEI dna¥@Fe i8 fornA §ribPtotiBenA1h of ese
- or 1n a top portion of SO |ayer 2a. This is
ki - h . . _ . .
layers. 58 érngaé ﬂayer% ﬁ)\’% dsBd & Q%agd%éi%@? %rf" k?%ﬁédoa? b ‘Ehlﬁ#éss between

procedure 1s” pefformed usi s an et chant
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Angsttrgglr;,c ;E}e_ferably 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, prior—to photolithographic processing is
optional. Photolithographic and selective anisotropic reactive ion etching (RIE) procedures, are
then applied to define shallow trench shape 20, in éi]icon nitride layer 4, in silicon oxide layer 3,
and in the entire or in a top portion of SOI layer 2a. This is schematicqlly shown in Fig. 2. The
anisofropic RIE procedure is performed using Cl; or CF; as an etchant for silicon nitride, CHF; |

as an etchant for silicon 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



~7 shape 20, is formed in the entire thickness of SO
| ayer 2a, to a depth between about 100 to 3500
Angstronms. ( For a body thickness <3500 Angstrons the
depth is all reach through, for >3500 Angstrons in
body thi ckness the thickness of 3500 Angstrons is
fixed, just like the formation in the bulk silicon.
If desired shallow trench shape 20, can be forned only
in top portion of SO |ayer 2a, termnating in a
bottom portion of SO |ayer 2a). Wth a photoresist.
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hosgaorlc aC|d as an etchant for S|I|08 11lmtrlde .
the bl sillsau il desie shatlowcirrapi shapa RPycap he Eyrgied gnlyiiy toparoptiqnpf SOI
about 100 to 200 Angstrons. Renoval of the shallow
JayertZapteahindifd iniartgtipingtoctiansif SOI4y@p2e)i s now acconpl i shed
via plasma oxygen ashing procedures followed by wet
cl ean procedures. A buffered hydrofluoric acid

Qﬂﬁloagfdb ftortG8Shipt (ndtiBow in fldeANngY) QB RfibeSallbw ticich
r enov o(%r portlﬂcg)r% ofOS| [icon ox%):le | ayer 3, exposed
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han n oxi de pull back
bet wee about to 200 An silic
pertergiy Ths irHEORR V’(?fant‘f‘?@?ggpdf% e gtsediFE it EhoPers asan
schemati-cally shown in_ Fig. To. re a|r th
etchanteyvip SWelcifl procdpredsing hahahocﬁplé%ﬂ%c ?Eﬁfgﬁ‘érd*%m‘m nitride.
surfaces of SO |ayer 2a, froma subsequent chem cal ]
Pulllstek Ssitiosa stheudtizaly in|Big: S5 is(bsewren 6bgut 100 &30 ARGSEPBRCRémoval of

shape 20, liner layer 6, is fornmed to a thickness
the SBEMNE 8nchliRihing @Hoﬁmsﬁﬂéhaﬁmg&bwc&mmmhshccbm plagma 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 répair the etched trench sidewall surfaces and also profect exposed surfaces of SOI
layer 2a, from a subsequent éhemically deposited insulator layer used to fill shallow trench
shai)e 20, liner layer 6, is formed to a thickness between about 100 to 400 Angstroms, preferably

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



fat 200 Angstrons. Liner |ayer 6, shown schematically
in Fig. 4, is conprised of silicon dioxide 8 forned
via a thermal oxidation procedure perfornmed at a -
tenperature between about 900 to 1200C, preferably at
1100 C. The thickness of silicon dioxide liner |ayer
6, Is optimzed to satisfy the corner rounding
required by the subsequently formed devices. Silicon -
germanium |ayers if exposed to the above high
tenperature oxi dation procedure woul d be del eteriously
formed tviw eticiasal axideten proedduaenforhedat @ UdmeRaticN@tweaA db@A Q00 to
silicon - germanium oxide quality. Insulator layer 7a,

1200@?}5&@8}%’ 21 100°10. coR tﬁiéhﬁa@s 61%1151*%1&%&@&‘]&3} I%Sier\@ & optimized to
ECVD or via (HDP) high density plasma

t
Sam%%%%éf%a@ﬁ%ﬁgﬁ{“ by B LGB 5 UL SRR germantum
nch 0 Rermpval of u t ed rtion
lyer RO Bha 807 eyt PR e PO GEP<Cinp SR deleteriously
silicon nltrlde | ayer 4, is acconplished via a CWP
altergsh as aderyteof germapim eyt gapsinga pndreer slicpm cgermppiugieasidecgrakity.
Rl E procedure can be enployed using CHF3 as a
sel ective etchant for silicon oxide |ayer 7a, with the
skkdator lagerRlabcqmmrised of dlicdneixideriahéxn demdsitédreia POV, PECYD or via
of the top surface of silicon nitride layer 4. This is
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I's next selectively renoved preferably via a
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trenc open ng S

. che tic ternately. a Lectiv
Sﬂm‘)&oa% S TPt e el SR Ao s afreomiPlshod via
dures usi ng BHF as_a conpqnent_are next enpl oyed
‘iﬁ%lé’ﬁaf% 2% ed ﬁwfaa'eeﬁ@sw GRIFWS'?S caiy b etfployed using

dep05|t|on of Sil ,tGex layer S. Sil_. er 8,

CHFy#es ssiestive stehant fos Siliepmpride) V@e7ﬁt wilh flgeﬂﬁl?ﬁm reegedere
obtai ned via a | ow tenperature chem cal vapor

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 selectively removed preferably via a hot
phosphoric acid treatment resulting in the silicon oxide filled shallow trench opening shown

schematically 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 SijxGex layer 8. SijGex Iayer 8, whe;ein X is
the weight percent of germanium, can be obtained via a low temp eratufc 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



deposition (LPCVD) procedure using the identica

appar atus used for polysilicon deposition. The LPCVD
procedure is performed at a tenperature between about
500 to 700 .C, preferably at 9 600C, using silane or
di silane as a source for the silicon conponent of

Sii.,rGe,, layer 8, while germane is enployed ass a
source for the germani um conponent. Gernmani um wei ght
percent x, is adjusted via flowrate |evels of silane
and germane. Sii_,,Ce,, layer 8, shown schematically

600°C,Nusifg @land or disilele pOS bdek foPthe silitbe KABScheREINB LGOS, while
500 to 1500 Angstrons, preferably at 1000 Angstronmns,
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desired Sil _,,Ge ayer 8, can be
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Sii_,rGe,, layer 8. Acritical oxidation procedure is
Angsfyews, Wigr 4 garpaniuprweightpercgatbetwesnabontdfth torf0%atIf desired SijGex
t.enperature between about 900 to 1100 C. This
layer Beemdreabtairedivia deloe ef,aguitaing@récedires, Harthisiease aveigti dognprised
point of Sii_XGe,, wherein the nelting point decreases

with ¥l{ B sheefiSRsdenBosilichl An@ $f Ednh&lm dah BE 8APIed. NAlternately, silicon
addition to converting the silicon conponhent of

s Ol 5§E& gy ' ayer 18, also
eplta)?H Bws sgg%gg??gﬁh%gﬁggdrr%a%r} "%?%t%é't he underlyi ng
SO layer to result. The resulting underlying SO
~layer. iis_now single crystall.ine.Sii,Gex body 2b, .
A el B qn precedipsiin A Rerformied i GXYERRA PR BISPicBLA! 2
about. 10% up to >90 % This is schematically shown in
temperatyre hetwesm aoeyt AP to dHRY, &1 s tsmppafye wﬂa@eg o/herlespghan the
is next acconplished via, a wet BHF "procedure, also -
meltingpointefi Hit4Geg Wherean theimeidng piinti deongases wilh inwensimgen tThelgxidation
filling the shallow trench
procedure in addition to converting the silicon component of Si;.4Ge, layer 8, to silicon oxide

layer 18, also allows segregation of germanium into the underlying SOI layer to rgsult. The
resulting underlying SOl layer is now single crystalline Si; Gex body 2b, comprised with a
weight percent of germanium between about 10% up to >90 %. This is schematically shown in
Fig. 8. Selective femoval of silicon oxide layer 18, is next accompli'shed 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;.Gex body 2b, comprised
with a desired germanium weight content is now in the correct form to allow grbwth of an

overlying strained silicon layer to proceed.
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shape. This is schematically shown in Fig. 9. Single
crystalline Sii_,"' Gex body 2b, conprised wth a
desi red germani um wei ght content is now in the correct
formto allow growh of an overlying strained silicon
| ayer to proceed. 10 A selective epitaxial growh
(SEGQ procedure is next enployed to grow single
crystalline 'silicon or silicon - germaniumlayer 9,
on exposed top surfaces of single crystalline
Sil_XGe,( body 2b.  The SEG procedure is perforned at
aA kelaqive apitidxeal Reiwik €SEGPRYteduftis hoxt £8DIdyed tadErewamaly dfystalline
at 600 to 650C, using silane or disilane for the

silicofiiok 5ifi8h SRR um et 6, FpBELAIES SBRACes Jlngh GiddIER KT Ge,
germani um option. Single Crystalline silicon 1ayer 9,

O : 0
body 80 Mhe SECRBLART b Yol el oS B SR L URLE QY 8" c,
fer L. 100 Angstr as. chanpel thickness,..
- orotefghfiR GOl ot R Bfpnd e BUsagronB PRl adding germane
crystalline Sii,Ge, body 2h. The ability to grow the
for a giligRte- SeARaBPDLiAR ePngle sEystallimgisticon Jayer, ishowan sshematisally in
body 2b, results in a tensile strained silicon |ayer
Fig. 19, isThlsctinefngrowd et athidkaessibetvesn abdut 50 $0 200 Angstroims,preferably at
the wei ght percent of germaniumin underlying single

100 Aigysbras hd dhanifel thickness deids? baly oblekpdsas thpSsul fh€xe bf éiﬁ%le Erystalline
9, will now be used to accommpdate a FET channe

SN Bb&ﬂzﬁt\ﬁ il ahb/%E & th&dHovE hﬁ%%ﬁ(;idbﬁéghp%%ﬁ@% g@{éiahin_@g ‘

I N enhanced performanc cels

: 2. f.orpat . i | O
SeH %Bﬁfﬁbg Sjes¥1té‘m a t%{i%'igtg#ré{g?&’%h&nq o g!g e #g&%é}df 3 tehsiflbtrain is 2

rai‘ned silicon eposi

oG B B8] b i g B 968 Boay 20,

region in regigns of strained silicon |ayer 9, not, .
Straiged\silicen laygr 3 rrall agndsaesd/e agepmemedaty @ MRSFET channel region with

enhanced carrier mobility thus resulting in enhanced MOSFET performance. 7The MOSFET
dévice is completed via: formation of a gate insulator layer on strained silicon iayér 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 covergd 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 a 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, SiixGex layer 10a, is deposited wherein x is the weight percent of

11



A second enbodi ment 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 - germaniumlayer is formed wth

conpressive strain. Referring to Fig. 11, with the

insulator filled STl structure in place Si and using

the structure of Fig. 6 as a starting point,

Sii.,,Gex layer 10a, is deposited wherein x is the
germopiigh SiipSecieyir 164, can again heobtained Baia lo@tsmperatyrechdi@ingl vapor

can again be obtained via a | ow tenperature chem cal -
depositgo(l.P(AEhgsotedure usioP@Oleqicaagaunts usedfgr pdlgsilicon deposition.

i denti cal apparatus used for polysilicon deposition.

The DHGVI) Bkt aqrefofifed & aR@hpR4tiRbebleed ab&ITBEO & TIOEC, using silane
bet ween about 500 to 700C, using silane or disilane

or dlﬁqig?/ég?ssa.i%gﬁg \A{)Tﬂfleglhgonséoﬂda%%ht%? éoégl%% fl 0§ v&]¥1e§§1{nﬁ germane as a

usi ng der mane urce

r mani um_conponent . nanlun1me ercen
Smgﬁ? xJog ey ‘i°8i‘B°P%R CPBRHE WP o AR o rate
rGE (. layer S depos ited to a thickness

le"el%‘éft %ﬂnélﬁ@mla@o @11 +f6x eBed Oavig dencsitast to grikipkaespbgiwegn about 500
1000 Angstrons, with a gernmani um wei ght percent

to 156@ Angstromsaproferablingt 1060 ADgstronis, wih iargennaBium @Geight pareant between
10a, can-be obtained via d.c. or r.f. sputtering

aboutp096 &d10%:SIf de¥ired i gSies layahi@agcah be obiink@xia 4. Qo€ spiittbring
used as an etch mask to allow renoval or partia

proced8REBY Bhotéiesist sha PO stdeRNforthedSirld U$6d as 4P & mdRao aH@W Iif’&noval or
performed. A RI'B procedure enployed using G2 or

pmﬁag%emage@m;;go&f%ﬁ%kg@ 8, 16 198 4 3b0RER 08 %@@m@%cedm
empI G2 glciy%fr %ﬁ%ﬁ”ﬁe&ﬂ%ﬁﬁﬁe% &7 Bitnedl g fyer 100,

10a a th|c ess_bet ween about 5 to 15

nowe&ﬁg@& betwfeh %oa%mﬂ r@gaﬁ?mfawel&a%? WC’B‘? pagtipn of SOI
| ayer 2a. An option for a hybrid structure is

layer 2a. Unetched portlons of Si1.xGex layer 10a, at a thickness between about 500 to 1500

Angstroms remain overlying a first portion of SOI layer 2a. An option for a hybrid structure is
the thinning of layer 10a, to where the 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 complétely convert the

unetched Si;.xGe, layer 10a, to silicon oxide layer 20a, and to completely convert thinner Sij.xGex

12



the thinning of layer | Ga, to where the thickness of

layer | Cb, is O Angstrons (i.e., total renoval),

resulting in no germani um entering underlying region

2a. This cauld be used for the subsequent formation

of, for exanple, |eakage sensitive devices or the

i ke. After renoval of photoresist shape 11, via

pl asma oxygen aski ng and wet clean procedures a

critical oxidation procedure is performed in an oxygen

- steam anbient at a tenperature between about 900 to
layer 1080 € sili€treoxdde taer 20b. Thawddhtion pracednp hgapeckstles in segregation of

conpl etely convert the wunetched Sil ,Ce,, |ayer 10a, _
germbriiusi ihfoa@derpihgI®O1 RYy@ a2 The ettt of GeGogrREALE into RMMEENying SOI

thinner SilGe,, 12 |layer 10b, to silicon oxide |ayer

layer280is a FMRti0X bERE R REQE QIR FPRITrtigR W the O{Jéhyli%gypgtra-oxidized

segregation of gernmaniuminto underlying SO

: .ext@gnt~ 0 eqr.egat | int o the under] yi ‘
Sit G 10 S S OR oo P L R e e SIS e e, s
anount of germanium.in . th verlyin re- oxi di zed
gefmﬁqg‘fﬁé%figﬂtgﬁé@ thg tderlvpg g@f!ﬂﬁféffewg 1 cqraparef} g flag level of
than the unetched Sil_,;Gez |ayer 10a, |ess _gernmani um
germawEmsgeregdioniine the nvatiamefOhayey 250nderiyjne Sioddt layenawith full
conpared to the level of germanium segregation into
as-depbsitep dritkness. (fheS@idatiay procéthure ofitipiGey taygr Ka| atXd@ee-pxidized
| ayer 10a with full as-deposited thickness. The

thickRess BatiwlcBi atuP 660800 KngSirdms, G0 [GY&k 50RQs afbxadnple), allows
pre-oxi di zed- thickness between about 600 to 805

t - (W .500 . | .
BRSBTS x

. crystal |ld ne body.Si.|, Ge. 2 rei X the | gh -
weiglipkRieRl ot Pk i e rvelipe 808! Shro iRl SEbiben sbout co

Si 1, Gez | ayer .. 1S between out 60 to., 80 percent,

50 DRt PR oph hisRaoth P DU Sestigt. BoiP Rt gatRpih procedure
The sanme oxi dation procedure  applied to thinner. Sil .

- appligdyo, thingerHi. 4, layes $0, resulthingsingle @ystalline S pGesdody 2¢, wherein the
Sil_,sCGe,, body 2c, wherein the

weight percent of germanium is only between about 20% to 40%. This is schematically shown

in Fig. 12.

Selecti;re 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 schemaﬁc@y shown in ‘_Fig. 13.
The selective epitaxial growth (SEG) procedure previously described in this first embodiment of
~ this invention is again employed fo grow single crystalline silicon-germanium layers on exposed
top surfaces of single crystalline' Si;.<Gex body 2b, and SijxGex 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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wei ght percent of germaniumis only between about 20%

to 40% This is schematically shown in Fig. 12.

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

20b, is next acconplished via a wet BBF procedure.

Thi.s procedure also results in thinning of the silicon.

oxi de shape of the STI structure resulting in thinner

silicon oxide component 7b. This is schematically

shown in Fig. 13. The selective epitaxial growth

(SEG procedure previously described in this first
germenibmdayee istachieved ¥ia theiaditieinoh bdgerinana@aditherengilany @dligiine flow.

grow single crystalline silicon-germaniumlayers on :
Singlexpetthe silikPn S bérfracRe: Gf,.,66)) le{g@r €13y &t Ath] ks Bkthween s8dut 50

body 2b, and Sii.. Ge,, body 2c. The SEG procedure is '

to 208 %}%%ﬂ%ﬂﬁﬁn@ tﬁaﬁ'meeﬁxﬁfgﬂgilﬁg Desuee p?é?&%lﬁ ap R)Oltzgnfég‘gllgg, is

prefer ~at 600C. The I con 13 germahi um .
seoofiit 6% PR R ity o0 e R e v RpRg e The

_lgerrr_ani umé_Si 1-7Gez) |ayer 12a, at a thickness between

tensilg strpin Tepgured i gle oryfalling siticon germaniumpayer  Pas is achieved via
underlyi ng substrate), preferably at 100 Angstrons, is

selected endtekiakgrowtly e wndetlyide BliyGeacho8y 2bGemprisedivyit b germgium
is conprised with a tensile strain. The tensile

weigltt pefdent Heewdanrabouti G0%stor8Pe Theptsistk lsirdig of sihgle ofystalline silicon
germani um |l ayer 12a, is achieved via selective

layer@Ph tvaXliaflbw ShRMcBm 1 of BlebtReEb MRG0 Bt kealit&dthus 8ReNciedthe

conprised with a germani um wei ght percent between

perfoﬁﬁglﬂzg o? %E&glﬁw Tcalgﬁgﬁ?é mélgeg’%e\%\ﬂlﬂ@ sgl]ruf g%‘:v& rocedure results in the

crysta ayer nhancenent
f electron bility t.o be real.iz t enhanci ng .t he
selecfiys Fp P HRT Y il e s man P St P 2 agérng
. The sane SEG procedure results in the, selectjve . L
Sll-x%‘ix(]?\%i}ﬁzcbe%‘i"W@F gnglpygistgll]qeﬁglcon - germanium layer 12b, is comprised with

silicon-germani um(Sil -ZGez) ‘| ayer 12b, on underlying .
compressive strain as a result of growth on underlying Si;.xGex body 2¢, which 1s comprised with

a lower germanium weight percent between about 20 to 40 weight percent, than counterpart
Si.xGex 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 devicés. 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
| (8i,+Ge,) 12a or 12b, on underlying layers Sijx Gex and Si;.y Gey, wherein the germanium content
' [z] is zero weight percent. Silic;on layer 12a, featuring tensile strain is grown overlying the

silicon-germanium body (Sri1.y Gey) comprised with the greater germanium incorporation, while

14



Sii.. Ge,, body 2c. However single crystalline silicon
- germanium | ayer 12b, is conprised with conpressive
strain as a result of growh on underlying Sil-,, Ge.
body 2c, which is conprised with a |ower germani um
wei ght percent between about 20 to 40 wei ght percent,
than counterpart Sil, Ge,, body 2b, because x<z. The
conpressive nature of single crystalline silicon -
germani um |ayer 12b, will allow enhancenent of hole
mobility to be realized thus enhancing the

comppssifely smaisal sificonlipee G2ieiztgrywii abthe chicen-géiviabivtebodydSi; < Gex)
The result of the SEG procedure is schematically

1mvmg@gw5“@ﬁ odrm@ninkdbonéentrBiid] enmbodi ment of this invention
eatures the growmh of a single crystalline layer (Si1
ZGE ) 12a or 12b, on underlying layers Sit. Ge, and

Sy S SR P oy b e
e%{cgwlg?’p) rggﬂm%ﬁolégétmﬁlcfagleﬂf@d%&f@g{? n’%@lﬁlﬁ{r&a me sﬂlcon

|ncorporat|on while 14 conpressively strained silicon
layer [1 2 ahile ppunterpait BYIODieviges carl bq fomnedjuitharhansadtholsmetifify in single
Ge') having the | ower germani um concentrati on.
crystalomgdilicoaiayer Y2indhe complietien sfthe EMILId¢vaces (@MDS)gatbausudaer layer |
can now be forned wherein NMOS devices can be forned

formédonBdtisigglb angatlinels#iebh RiyerMMiahd U ¥b; defifitibd bfa conductive gate
crystalllne silicon Ilayer 12a, whi 'l e counterpart PMOS

struc l:f:tﬁé uf@RyRE glta&nﬂg%@'at?m 15&&%&%&%%& of £n KRR anaxp thhk
Si ng

crystalline silicon [ayer 12b. The Conpl eti‘on
I
s B oo R e YA e e F@F’%&%%f% oy B ﬁ&dw“’e sae
2b defl ition,.of a,c ndu ve r on
straciiffy ﬂm@ﬁw Heesi xS PATIEY S 4R PTG SFPRLTIGT Brer after
an N type' and P type
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
changf;s in form and details may be made without departing from the spirit and scope of this

invention.
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15

source/drain region in regions of the strained silicon
| ayers not covered by the conductive gate structure.
The ability to formthe Sit. Ge, bodies and the
overlying strained silicon |layers after STl formation
and after high tenperature processing did not allow
the integrity of the above |ayers to be degraded
While. this invention has been particularly shown and
described wth reference to, the preferred

' .thereof, it will be understood by those
\ggﬁﬁﬂggﬁgﬁ§%he art that various changes in form and
et ai | be .made w t.hout departing_fromthe spirit
Py meliod o forpifeca SRR PSSR 8 Teel o | -
1. Anethod of formng a strained sem conductor |ayer
fsgmicenawatey fiekd ¢fikst transier AMRUBEGD deviet, gomprising the steps of:
transi stor (MOSFET) device, conprising the steps o
pr grodiling azinglengyealingstmtdnidneostsdyconduct or  body;
formng an insulator filled, shallow trench isolation

( SThbyming bt Gistlafr ifilled shARvPREdchdlation PETH dirsbusrk Mh Bp portion
crystalline seni conduct or body; forming a

Qﬁ@hﬁ@ﬁ%ﬂﬁ&ﬁﬁﬂﬂﬂé&%ﬁ&ﬁMﬁ%@g@ﬁ?fOrning an oxi dation

procedure to convert sal ctonductor alloy |layer to
LaLtar.. 1 A0S 60T egating a portion of a

nmetal cBnmponen &30 %%ni conduct or al l oy |l ayer

into to orfion of said single crystalline

serS Hﬂl&g@E PXIGEURN PTRESINES tRGORYR! StlY sewisertucRr apy laver to an

sin?Ie crystal line sem conductor alloy body;
insulator layer and segregating a portion of a metal component of said semiconductor

an g Lns | at or Iﬁ% r and

alloy layer into a top portion of said single crystalline semiconductor body resulting in
formation of a single crystalline semiconductor alloy body;

removing said insulator layer; and

growing said strained semiconductor layer on said single crystalline semiconduétor

alloy body.

2. The method of claim 1, wherein said single crystalline semiconductor body is a
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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15

removing said insulator layer; and growi ng said
strai ned sem conductor |ayer on said single
crystalline sem conductor alloy body. 2. The nethod
of claim1, wherein said single crystalline
sem conductor body is a 15 single crystalline silicon
substrate, conprised with a <100 crystall ographic
orientation. 3. The nethod of claim1l, wherein said
single crystalline sem conductor body is a silicon on
i nsul ator (SOD | ayer, wherein the thickness of said
SO | ayer is between about 100 Angstrons to 0.5 um

4. The method of claim1, wherein said insulator
f‘} (Tihe gpethstliof glaim dy Whereinsay isuaterdHled estrupiird is  sippn oxide
structure, wherein the depth of said STl structure in
ofilled Sl styhesuner yherein|thadeptisefisiddid sruovrehnssid siogleetysadine
about 100 to 3500 Angstrons. 5. The nethod of claim1l,
vilesi @inducian ehdg ésrbetwetiabbwtr1 0altd B0 Atygtroins. a silicon -
5 germanium (Si | ,,Ge,,) | ayer, wherein x is the

CNIThE RetiRld FolalfAN Wkrti seldi semideRductor dA8Y Yh?/@ﬂ]s a@me&n 10
to 70 melght percent 6. The nethod of ¢l aim

SRR L RO EE G %*&%9%‘?%88 ”ﬂ?ﬁ%ﬁ%ﬂ&?f&
CBRpP aval 3O3R ZAFERP buBBE: eposi ti on (LPOVD)
procedure 10 7. The nmethod of claim1, wherein said

sem conductor alloy layer is obtained at a
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.

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.

9. The method of claim 1, wherein said single crystalline semiconductor body is a
single crystalline silicon - germanium (Si;xGey) body, comprised with a germanium

content between about 20 to 80 weight percent.
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10

t hi ckness bet ween about 500 to 1500 Angstrons via
sputtering procedures. 8. The nethod of claiml1,
wherei n said oxidation procedure is a thernal

oxi dation procedure perforned at a tenperature

bet ween about 900 to 1100C, in an oxygen - steam
anbient. 15 9. The nethod of claim1, wherein said
single crystalline sem conductor body is a single
crystalline silicon - germanium (Sii.,sCGe,) body,
conprised with a germanium content between about 20
to 80 weight percent. 17 10. The nethod of claim1,

eg&%n sai d sf[aine sem conductor |ayer is a single

g Sgmsthnd oficfain dn Whegswr saghraingd sempicendugios lypr s a single
epitaxial growth (SEG procedures to a thickness
eysidline lirentlawspobiaingd pia Aplgetiviesnitaxial Erowth€SHE) prodedufes to a
claim1, wherein said strained sem conductor |ayer is
dbickmndss betweén DoteFkbiol 0Aneairems. 12. A net hod of
integrating the formation of a tensile strained

silicon |ayer and of a conpressive strained silicon

| BY €he ARHEALLELY DOV ELLh SAR AR setliddMuRAAERS is comprised of
performed after formation of insulator filled, s gflow

tksg&gui&plation (STi) structures, conprising he
st eps o?:'S-providing a single crystalline silicon
body; forming said insulator filled, STl structure in

a top portion of said single crystalline_ silicon
blgdﬁfmg[ho‘i of integrating the formagt’ion 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;

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 - éennaniurh (Si,xGey) layer;

performing a patterning procedure to thin a second portion of said Sij.xGex layer in a
region in which said second portion of said Si;,Gex layer overlays a second portion of
said single crystalline silicon body, while a first portion of said Si;xGey 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).xGe, layer and thinned second portion of said Si,.,Gey layer to silicon oxide,
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depositing a silicon - germanium (Sil _, Ge,,) |ayer;
performng a patterning procedure to thin a second
portion of said Sil_,,Ge, layer ina 10 region in

whi ch said second portion of said Sil, Gex |ayer

overl|l ays a second portion of said single crystalline
silicon body, while a first portion of said Sil_,rGCe,,
| ayer | ocated overlying a first portion of said
single crystalline silicon body remains unetched;

erformn n. oxidation. prqced gconve t the .
iy S s Pl AheP e TR SEPaB5G; b oG8 el vihge Siv-Ges
t hi nned second portion of said Sii,Ge,, layer to
Shady compgsedquth A BrsH BelghiResrent PlgpesmAHum, gnghconyasgagsaid second
crystalline silicon body to a first single crystalline
Simgle engetglling sitigorcldyrte s ectond singla chistalineis|.§let bodyrenpised
of germanium and converting said second single
cwiyls & sdcohdieveipht peecant bbgiymhtiud; second single
crystalline Sii,G" body conprised with a second

m'ﬁﬂbvﬂﬁ%&iﬁ@ﬂm@ﬁoﬂﬁé Bi-4pa renoving said silicon
oxi de layer; and selecfively formng said tensile

st rs%lé&ﬁ?eli fclrfn&%rb dat)égsrlle gf}alfi@d gluf,o::ri{l?);er 313 Qﬁ!ﬁl ?’ust amgle crystalline

crysta orm n
i ned, S|I|con | ayer 0 sald sec

s ve ra on
Pt e gt oriamipmpragive SHlich] oot it egpnd single
of Clﬁﬁa 12 mhereln said single crystalline

%@Hy is ab single crystalline silicon

substrate conprised'mﬁth a <100> crystall ographic
orientation. 14. The nmethod of claim 12, wherein said
si3nghemethed tofiblainm &2, serraio sald single chstilineseaicoadidadodpis a
insulator (SO) |ayer, wherein the thickness of said
Sfidglé ayethlling silieén\&®Brate 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
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;.xGey) layer, wherein
x is the content of germanium in Si;,Gey, is comprised with a weight percent of

germanium between about 10 to 70.
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10

about 100 Angstronms to 0.5 um 15. The nethod of claim
12, wherein said insulator filled, STl structure is a
silicon 10 oxide filled STI structure, wherein the
depth of said STI structure in said single crystalline

‘semi conductor body is between about 100 to 3500

Angstronms. 16. The nethod of claim 12, wherein said
silicon - germanium (Sil ,CGe,;) layer, wherein Xx is
the content of germaniumin Sil,Ge,,, is conprised
with a weight percent of gernaniun1betmeen about 10

L1 e .ret.hod m 12, wherein said

o e metho B¢ i T8 Sy REFC R0 B et e ttubineibahadginess
bout 500 to 1500 Angstrons via chem cal vapor
R aOBH 5§P e &} dagsigrp viaghemicabygppredqpesition prcedures such

chem cal vapor deposition (LPCVD) procedure. 18. The
nstaHey tehpasataierphemicalweappedepositipn (IS0 eprocddawer i S
obtai ned at a thickness between about 500 to 1500
Angstronms via sputtering procedures. 19. The nethod of

clgalThe &2thodlo€ tleint 13, avikraatdi@RNi, 08, | éaqs‘e&dﬂilﬁed &t a thickness
performed using a reactive ion etching (R E

DhARRA AL @800 HAkRbpisla Bl B! hant. 5

20. The nethod of clarm 12, I'ckness of
said thin second portion of said Sil,Ge. |ayer is

tween about. 0. to, 500 Angstrons.. 21. The pet hod of
TREoBR AL peimh 22 3R Fid prins Bioetifeioperigrmed using
thermal oxidation procedure perforned at a
UEHHEF A ineRIE prossytr cngteyed sing €8x SHa asian efghagen -

st eam anbi ent .

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

Si1.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.

22. The method of claim 12, Wherein said first single crystalline Si;Ge, 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;,Ge, 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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10 22. The nethod of claim 12, wherein said first
single crystalline Sil,Ge,, body is conprised with
said first weight percent of gernani um between about
60% to 80% 23. The nethod of claim 12, wherein said
second single crystalline SilGe,, body is conprised
with said second wei ght percent of gernmani um between
about 20%to 40% 24. The nmethod of claim 12, wherein
strained silicon layers are single crystalline 20 15

Sdit: . LWned vi.a _sel ect] itaxial growth
(Lo e B B B e SR praiues e fincss
Angst r : .._The nmethod of claim 12, wherein a

§%$§FW%%°§@£ES8&@@@5%F”$%yer i s conprised of tensile
strain. 26. The method of claim 12, wherein a strained
sem conductor layer is conprised of conpressive

stx dppmetipd oficlgimmpd.i whentin e ptraineddentotindecteriaye dNehugirRed of
(CMOXS) structure on a sem conductor substrate,
demyleisgaing: a silicon on insulator (SA) layer on said
sem conduct or substrate; a first portion of said SO

| ayer conprised with a first concentration of an

ed6e MeRtmethdd oF BB AP IwRGEHi 20 | [ :
conpri sed W th a sei:‘gnéd}&glgn@{aﬁefl Zstg]:n gcr?ﬁc%a%g%[y%r 1s comprised of

Qlive WogLein said first concentration of said
3O§ﬁgnfyfn said first portion of said SO |ayer is

greater than said second concentration of said el ement

ii} iaid %econd portion of said SO |ayer;
- A complimentary metal oxide semiconductor (CMOS) structure on a semiconductor

substrate, comprising:

a silicon on insulator (SOI) layer on said semiconductor substrate:

a first portion of said SOI layer comprised with a first concentration of an element;
a second portion of said SOI layer comprised with a second concentration of said
element, wherein said first concentration of said element in said first portion of said
SOI layer is greater than said second concentration of said element in said second
portion of said SOI layer;

a first portion of a strained semiconductor layer comprised with a first strain, located
on said first portion of said SOI layer, and a second portion of a strained semiconductor
layer comprised with a second strain, located on said second portion of said SOI layer;

a gate insulator layer on said first portion and on said second portion of said
semiconductor layer;

a first conductive gate structure on a first portion of said gate insulator layer which
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a first portion of a strained sem conductor |ayer
conprised with a first strain, |ocated 10 on said
first portion of said SO |ayer, and a second portion
of a strained sem conductor |ayer conprised with a
second strain, |located on said second portion of said
SO layer; a gate insulator |layer on said first
portion and on said second portion of said

sem conductor layer; a first conductive gate structure
on a first portion of said gate insulator |ayer which

115 . nis,kocated op said first portion of said
g‘é‘r%&gé% ﬁ%}?‘% PR pg, t%S?P%%ﬁan aF s esmicondasig Y5ty @ geegond
strycture | ocated. on q second portion of said gate

i ‘i‘i’&g v gate Sasturgiocared ang seeand nogtiqngd seid @atsnsslstet layer which
second portion of said sem conductor |ayer; a first

B e ds lepatpdhon eaid snsord pertien pBwidsemicontiinatort lyyery pe

| ocated in a portion of said first portion of said

ser ohsuneairaih aggion ofat firstocadedivhy typailstafeld iS4 portion of said
conductive gate, and 20 a second source/drain region

dfirsteposir0dThaid@Ba S hiutid)ayey R doP&d BFsdid fift é&ﬂg&‘ére gate, and
portion of said sem conductor |ayer not covere y

%e%nﬂ%ﬁﬁ@dfﬁ?% 0f 8 cﬁﬁ(;]uléfsi{?ir uti/%:e %@ng an sgaond portion

insulator filled shallow trenc ure ocd
m_conduct or

b sali i kSt rtion. of said se

|°§ty%’§%§%“ e LFL"“@%&B& Bered B sai secapdcatdigtive gag siregture; and
| ayer., ext e Pi%ﬁ through sai d sem conductor |ayer and
t hrigupFratey i led shaljay wench sructygdocataddetvaen said figst pprtion of said
claim 27, wherein the thickness if said silicon on

i sEinoadestordayes grd saidsagend pashioniaid se@ioadyrsenlayes, dx@nding
0.5 um 29. The CMOS structure of claim27, wherein
dhiodgleadeamiconduster by&@nd tlergegh dail SOI layer.

28. The CMOS structure of claim 27, wherein the thickness if said silicon on insulator

layer is between about 100 Angstroms to 0.5 um.

29. The CMOS structure of claim 27, wherein said element in said SOI layer is

germanium

30. The CMOS structure of claim 27, wherein said first concentration of said element

in said first portion of said SOI layer is between about 60 to 80 weight percent.

31.The CMOS structure of claim 27, wherein said second concentration of said element

in said second portion of said SOI layer is between about 20 to 40 weight percent.
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germani um 30. The CMOS structure of claim 27, wherein
said first concentration of said elenent in said first
portion of said SO |ayer is between about 60 to 80
wei ght percent. 10 3 |.The CMOS structure of claim 27,
wherei n said second concentration of said elenent in
sai d second portion of said SOT | ayer is between about
20 to 40 wei ght percent. 22 32. The CMOS structure of
claim 27, wherein said strained sem conductor |ayer is

a L I ra .t hickness hetween, about ,50 to .
53 ThE R0 Bilys B oftih &7 SRR 2T WS G SRNShbdior 19ver is a
wherei.n sajd strained sem conductor layer is a 15
s?‘ﬁ??ﬁ’o‘ﬁye@ at %@Fﬁ&‘BFﬁsé’FWn BRI PO £ 200 ArgsERmsss bet ween
about 50 to 200 Angstrons. 34. The CMOS structure of
claim?27, wherein said first strain of said first

pd3-tlihe MOS stricturs efitloom AT otlwreih said striisedxetivdmtii@or layer is a
strain. 35. The CMOS structure of claim 27, wherein

ssilicbns-geatadivad £liylayd asAthibka&s BBEkeBR U B0 t@iog&igqtmms.

sem conductor |ayer is a conpressive strain.

34. The CMOS structure of claim 27, wherein said first strain of said first portion of

said semiconductor layer is a tensile strain.

35. The CMOS structure of claim 27, wherein said second strain of said second portion

of said semiconductor layer is a compressive strain.
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