Z 8 MAR 2087 1 TITLE: COVPLEMENTARY METAL OXI DE SEM CONDUCTOR TRANSI STOR
TECHNOLOGY USI NG SELECTI VE EPI TAXY OF A STRAINED SI LI CON GERVANI UM LAYER
BACKGROUND OF THE INVENTION (1) Field of the Invention The present
invention relates to nethods used to fabricate sem conduct or, 3@\? ﬁiﬁs and
nore specifically to a nmethod used to increase the perforména é[\c?

conpl enentary netal oxide sem conductor (CMOS), devices, via the use of a
channel region conprised in part with strained silicon - germanium | ayer

(2) Description of Prior Art An attractive approach for increasing CMOS
t ransi st of I blelf or neRMPLEMENTARY METAL @XID MI@@NMW@@A@I,ST]%EF

| ocated i n the chdlGHNOEG®GY USINGSEIROH VIe FPTRAX YheF AS BRABNER SIIECXON n

the Si Ge layer, creating strain GpANEERIDRNEAStHRUCt Uure nodification, allows
enhanced transport properties of electrons for N channel (NMOS), devi ces,

and enhanced transport properties of holes for P channel (PMJXS), devices,
to be realized. However the ability to place a SiGe |ayer in a region that
wi |l subsequently underlay the gate structure, as. well as to subsequently
accommodat e shal | ow sour céEBACKIGROENDDOF, THRINWENIHOIN enging in terns of
integrating the Si Ge devices into a conventional CMOS process. This
invention will teach a process in which a SiGe |layer is selectively grown

on only .act i.ye device regions, elimnating the need for costly
pat t er ni nwgﬂ%gé’hﬁ}ee@v‘?&mpemve 2 8 MAR 2007

The present invention relates to methods used to fabricate semiconductor devices, and more
specifically to a method used to increase the performance of complementary metal oxide
semiconductor (CMOS), devices, via the use of a channel region comprised in part with a

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

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

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

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

the active device regions, eliminating the need for costly patterning procedures to remove



2 portions of the SiGe |ayer overlying non-active device regions, such as
insulator filled shallow trench regions. This invention will also describe
a conposite |ayer conprised with silicon |ayers overlying as well as
underlying the Si Ge conponent of the conposite |ayer. Therkl$ﬁﬁf | ayer
overlying the SiGe |layer, silicon cap |layer, allows a gate 14 or |ayer
to be thermally grown consum ng only gortion of the silicon cap layer. In
addition, this invention will also describe the thickness and conposition
of the silicon cap, SiGe and silicon buffer |ayers, needed to acconmpdate
t he bi axial conpressive strain needed for enhanced hole nobility in the
d.energy splittin

PMOS channel. region,..and the strain induced, i he
conduct i oﬁo%‘émﬁ&léﬁ? §b€?$§ymvgﬁ¥% NOREEHYS ViGeaR B uchras aitcg_éﬁlﬁé enhance
ot sucn RS NFOR Thls gk w1 A0 R B 3m o s SR BE s o
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CMOS pr oc@hé sifiSort laiyér dMeelgRidtthe BTy &NsiH&RSca W&w@ﬁ ghtdEndubvizNEyehd 1t s
an object of this invention to fabricate evices using a SiCGe |layer as
a conponéatheohalihgrosmasunstmingginbnpation oeSilden caelayet. In sddiivot théy obj ect
of this invention to selectively grow on active device regions only, a
conposi t e eniiaowill ayedescabefheit @gnem ard edmppsitionef ithe siliconi dap,.code b f er
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I nduci ng jigHhecbRducki6R b@APallowing enhanced electron transport properties to enhance electron
velocity overshoot in the channel region of NMOS devices. Prior art, such as Ismail et al, in
U.S. Pat. No. 5,534,713, describe the use of thick buffer layers, used with a SiGe layer,
however the use of these thick layers may not allow for the easy integration into a

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

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

component of the channel region of a CMOS device.

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

layer, and an overlying, thin silicon cap layer.

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

for carrier mobility enhancement, without inducing junction leakage.



2 8 MAR 2007 3 In accordance with the present invention a nmethod of
fabricating CMOS devices featuring a channel region conprised with a

sel ectively grown, conposite silicon layer, which in turn is conprised
with a SiGe | ayer sandw ched between thin silicon layers, is described.
After formation of shallow trench isolation (STI) regiong8iMRi8ttions of a
sem conduct or substrate, an P well region is fornmed in a first region of
the seniconductor substrate to be used for the NMOS devices while an N
well region is formed in a second portion of the sem conductor substrate
for acconmmodati on of PMOS devices. A conposite silicon |layer is next

selectively grown on regi.ons of the sem conduyctor supstrate n .occupi ed
by the STI reépﬁﬁ%ofga’m%%ﬁ@‘rfgﬁg’t’eﬁ%“téﬂmf';‘%aI"‘H%i&d qf fakxisating gwsgée"é‘f?sopti onal
underlyin i}bjco [ SiGe layer wi.th a weight percent. between about
20 to o, et han R ains cahilierdtle My Bt B Eh TR INE de gat o
I nsul at or yhANEh thé i8 @&hpﬂfé&‘%‘ith & @E@é‘ﬁg&gsa?d‘wﬁh&% B’éiw%?% fnllf i@yo%%yéra
capping silicon layer, tollowed by deposition of, an patterni'ng-of, an
undoped pakyesibed.cAltet fyRbtiok 65HallbWdrenbh ismﬁ&ﬂ(sm‘? tbrfin Pottivad bf £0n gat e
structures for both NMOS and PMOS devices. After formation of lightly doped
sour ce/ dr aemicopdiictorsubstrage tan Pswelhgegidnris fagiedisa €ifst tdptorcafithosdanticorgiuttos on
| ayer not covered by the gate structures, insulator spacers are forned on
the sides SBpstigfecto bstusedstor tear NMKRS dewicdsovhilei am¥ sietl acgiomisfommedonse¢andt hen
desi . . ! fth

en onduEPBIPTa HHE FMEoHB CE SURIEE by 2tnemyeiaon of BUIQH GSies. By catmosit
i nsul at or _; o by a rapid.thernal anneal (RTA), procedure,
used to agillﬁgggagefﬁen_ eg! Aéa&r)l%ﬁﬁfﬂ_yt%%‘zn f’g ﬁ%%mrtsroé% Sr?ﬂ“%lo_ﬁ%ﬂf’tg'ﬂ/i}@%tr 88% 1y doped
sour ce/ dr %béhﬂi&ﬂ')}gﬂle'STI@eFé:iQﬁst.'m&fm e § 1i)£\@ﬂdl|a er'i§ BbfRPrised B dn bPfiodale NMS
devi ces, and credating a type, heavily d‘ope gource rain regfon

underlying silicon layer, a SiGe layer with a weight percent between about 20 to 40, and an

overlying capping, silicon layer. A silicon dioxide gate insulator layer is next grown
consuming a portion of the overlying, capping silicon layer, followed by deposition of, and
patterning of, an undoped polysilicon layer, resﬁlting in the formation of polysilicon gate
structures for both NMOS and PMOS devices. After formation of lightly doped
source/drain regions or extensions, in regions of the composite silicon layer not covered by
the gate structures, insulator spacers are formed on the sides of the gate structures. An ion
implantation procedure is then employed to place the desired P and N type ioné in portions
of the semiconductor structure not covered by the gate structures or by the insulator
spacers, followed by a rapid thermal anneal (RTA) procedure, used to activate the P and N
type ions, creating an N type, heavily doped source/drain region in a portion of the P well
region, used for the NMOS deviées, and creating a P type, heairily doped source/drain regioh
in a portion of the N well region, for the PMOS devices. The implantation and anneal
procedures used to form the heavily doped source/drain regions also results in the doping of

the exposed polysilicon gate structures. Formation of metal silicide on the surface of gate

structures and source/drain regions is then performed.



in a portion of the Nwell region, for the PMOS devices. The inplantation
and anneal procedures used to formthe heavily doped source/drain regions
also results in the doping of the exposed polysilicon gate structures.
Formation of netal silicide on the surface of gate structures and
source/drain regions is then perforned. 2 0 MAR 2007 4 A sdciid(gnbodi nent
of this invention features.the growh of an non-selective conposite
silicon layer, again conprised with thétidentical SiGe |ayer described in
the first enbodinent. The conposite silicon layer is conprised of an
optional underlying silicon layer, a SiGe |ayer, and an overlying silicon
| ayer. Portions of the conposite silicon |ayer |ocated on the top surface

of non-acti ve ‘ &8 smbrdiseent ot this igwendionifoatiugs thermowth afen mgn-selective
hotolith hj c.and .d t chi - dditi L ORLI

o 11 cat COMPRISCHIAR IR Sobibr B S et e larer JeRGelinmetiey | ng

of V- ' -1 0t . t he .t d t tion. STI

Cegions. - eapoRiett hetontidfit BhEM BRG iSLorabnlRoioPBR bEfpl Ta Vb AisEH o

silicon | £,-a Siedayes, hsiaed; VaE i
silicon ???ef'vig ag%g????gﬁ%g?mgﬁﬂ?ﬁiEﬁgfgﬁﬁF§$§?*?%r?§§g§9§§8§i%ﬁ%mket

dry etch poatedirthe togssuirfac16f ndniactive papadiy, el 16 YE faledivegRagswahyideeat uri ng
the insulator filled, V- groove shapes. BRI EF DESCRI PTI OF THE W NGS

The obj ecthaietithographi atphinggfrotddueesi fiv eddifianamopsionelshodifisationhmel i n t he
preferred . odinment with reference to the attached draw ngs that incl ude:
Figs 1 - Wﬁg& igst epboeiment raitls the apswiatori filieg e5Y -aeqsics knvaled 8t ik énterfiss of i be

conpri sad U PRcsda8h BERPDAR ThrORPS. AL i gereel S dae Pk ey dPeriein ¢ ur n
I's conmpri ggthpWlitdsificon [5er. MRS is%@@&%%l‘fsﬁg&j pgsﬁ-td\éggﬁtion of the composite silicon

layer via deposition of an insulator layer followed by a blanket dry etch procedure resulting

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

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

embodiment with reference to the attached drawings that include:

Figs 1 - 4, 6 - 9, which schematically, in cross-sectional style, describe key stages used
to fabricate CMOS devices featuring a channel region comprised with a selectively grown,

composite silicon layer, which in turn is comprised with a SiGe layer sandwiched between

thin silicon buffer layers, is described.

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

component of the CMOS device channel region.



thin silicon buffer layers, is described. Fig. 5 which schematically, in
cross sectional style, shows a key stage of a CMOS process featuring a
non-sel ectively grown, conposite silicon layer, to be defined as a
conponent of the CMOS device channel region. Z 8 MAR 2007 5 DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS The nethod of fabricating a CMOS deMicsf eaturing
a conposite silicon layer, conprised of at |least a Si Ge |layer and an
overlying silicon layer, selectively g?omm on active device regions of a
sem conductor substrate prior to growh of a gate insulator layer, wll

now be described in detail. Sem conductor substrate 1, conprised of single

crystalline, P type sil] featuring a <100> crystall ographic
orientation, is used @#ﬁ%ﬁ%‘l p@anﬂl}%Bﬁ@mREDa %QD_ILM 115 con nitride

| ayer 2, at a thickness between about 1000 to 2000 Angstrons, is fornmed on
the top surface of sem conductor substrate 1, via | ow pressure chem ca

vapor  deposi 'Q&eﬂﬂoﬁgr?lbri&imghms%{ilﬁ?ﬁe%ﬂm% %@oﬁ@g&‘(@ﬁﬁ&g?@@ﬁ?i tion

(PECVD), procedures. vent1 onal photo ograpghic reac ion

et chi ng ( BhiEpriscAloP GERES ABiGE ayds Bl &poveﬁgfﬂg@ﬁicéﬂ@A;Jeawekéﬁmgh%@mlaﬁact&e in
silicon nitride layer 2, and to a depth between about 3000 to 6000

Angst r ons devicsegions nfla sé¢micosdinsdrrsabsirale priibetofdr&wihr sfaaghty @sulstoplaydrowitied
using G2 as an etchant for both silicon nitride layer 2, and
seni condugpwbeslgspsibed iredetail ABeraicondueinratibstrafe &, lsemptistdofeiriglt crestalpee, Fsed t o

Si 11 con_ oPMSHIca)aating & T0Pe SrtloBeRNEROREA P S DA SR e aboy
t hi ckness. bgt weegn..about, .4000 t 0000 Angstrons,, Uusi .
ot r aet nylor Enberi RosPurig el 2 o3 Mgk eBERBEAE et L 9 2009 Arraromtrais ow
trench shgggeddn i RPIHEEL of RENESHIGE0r A¥st:SB11MYia low pressure chemical vapor
deposition (LPCVD), or plasma enhanced chemical vapor deposition (PECVD), procedures.

Conventional photolithographic and reactive ion etching (RIE), procedures are used to
define shallow trench shapes 3, in silicon nitride layer 2, and to a depth between about 3000
to 6000 Angstroms in semiconductor substrate 1. The RIE procedure is performed using Cl,
as an etchant for both silicon nitride layer 2, and semiconductor substrate 1. After removal
of the photoresist shape used to define shallow trench shapes 3, via plasma oxygen ashing
procedures, silicon oxide layer 4, is deposited via LPCVD or PECVD procedures at a
thickness between about 4000 to 10000 Angstroms, using tetraethylorthosilicate (TEOS), as
a source, completely filling shallow trench shapes 3. A chemical mechanical polishing
(CMP) procedure is then employed to remove portions of silicon oxide layer 4, from the top
surface of silicon nitride layer 2, resulting in éilicon oxide filled, STI regions 20,
scherﬂatically shown in Fig. 1. The CMP procedure selectively terminates on silicon nitride

layer 2.

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

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



(CWP) procedure is then enployed to renove portions of silicon oxide |ayer
4, fromthe top surface of silicon nitride layer 2, resulting in silicon
oxide filled, STI regions 20, schematically shown in Fig. 1. The CWP
procedure selectively termnates on silicon nitride |ayer g ég@ iennva
of silicon nitride layer 2, via wet etch procedures, using d%ﬁ 8 ilc acid
as an etchant, is next conducted, with the etch procedure al so presenting
an isotropic conponent resulting in a6tapered profile for the top portion
of STI regions 20, with the top 2 8 MAR 2007 6 portions of STl regions 20,
ext endi ng PaBioneof HEl xesions 2P exdending dhmve dsridp seiface of bernicandsictor substrats L s

schematicalj L y. s&gwn A q Fig. 2 The formation of well regions is next

addr essed &H%/}SS mated lyc%*gw B fgg The forgatian ofavelliseions isinext addigseed@ndt

h i dr.aw i s..fi d.to, bl ey f. ' duct
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CMCS f abr g@ﬁbm WRirpaRAEsH Bnadehd &g} bdtRBed MBLATIRHLI400 KU GRE M £fscan be
used to adjust the threshold voltage of the NMOS and PMOS devi ces, in

addi ti on tetvadp abhitig1pos 1 Ebhstontfs/cni*herestitpsk wall ecgicn O Aethigitartofithe

protection agai nst punch-through phenonena. The region of sem conductor

subst r at e CGMOS fabiiviatipn progedure Bdditiesalders implamthtidneprdesiugsann de assdvadiustegi on
devi ces. After renoval of the

40, to b d te N Al te A . .

phot p?es ?é Hestgfeéfi‘gldgfg tggngsrqt‘u)&g% %l\é{a?/%%lé i hﬁ@&"@?”é@ﬁ: & a@%tO(WSFl%BWO?SrPﬁ he
or “phosph S EHLSEl Lol B &R Aol SEHET gyt R PRDO e - SRR & a
dose bet wgeRiBh@ittorsldrat®1 ik vhidl P Wl%side?,%htﬂe'?lgsiﬁﬂaté&'@s NMOS region

40, to be used to accommodate NMOS devices. After removal of the photoresist block out

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

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

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

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



formation of N well region 6, in a portion of sem conductor substrate 1,
designated as PMOS region 50, to be used to acconmmopdate PMOS devices. |f
not previously performed threshold adjust and anti-punch through inplants
may now be performed. Renoval of the photoresist block out?gsyaomg is
acconplished via plasma oxygen ashing procedures. After a pre-clean
procedure perforned using a dilute or huffered hydrofluoric acid solution,
~conposite silicon layer 10, is selecti Vel y grown on exposed sen conduct or
surfaces. An ultra-high vacuum chemni cal vapor deposition (UHV-CVD)

pr ocedur e silison lagn b peldctivelagrosmpusingtsileee (Fatlyeerdisilooe(SiAD a5 6 sggoe,® 2 To
obtain the .desired sel ective rom h specific¢ conditjons, such as the

growt h t eﬁﬁ&%ﬁ%"@v@?’kmgéﬁéa@ﬁngﬁtﬁor&ﬂdT}E“F éﬁfO{leW%A Lbﬁ@%l??‘éveo%rowg’s%f t han
200 nmtorr, have d e epployed, The additjo f rine gas.or .HCl gas
enhances PH%Opseglsté@?? it ,%@Xﬁ]ﬁgne%l%?%gpt@%gm%f%g% B 518 kposi t e
silicon | 3§81 ) orkfisil C I i F'ﬂjl” WUR e 1 e growth
of opti ongg1 )no erﬁlflﬁgg ﬁnﬁé’oeglg?&h@@lﬁ%ﬁfe ggi ngﬁkf‘g’:‘??ﬁw&éﬁecu vel y

grown Uusi Raifibd SIR lhyRdritdohided Sikinb laaRBnAnthd Rl ght PErcBntHREIERSR abdif? 28 to 40.
t hi ckness between about 0 to 100 Angstrons. This is followed by the
sel ect i ve The dhitkness is chostayze e Suffeidnaysrugl to adntdin v iakérsion chapsybewcadrawt 20
to 150 Angstrons, using silane (SiH4) or disilane (Si2H6), and ger mane
(GeH4) as thielaenanghdo aliove defsrietotéaddo ahwgntedidenjcelealege aFimally Svatlyingandepads
achi eved ugj ng. a r.mani um wei ght percent between about 20 to 40. The
t hi ckness Sigcog ﬂf’é@gﬁ 1 éeqsgl@ﬁfgrpwléma thigkregh betyeenrhont a tq HY ARgsHeESpgan
charge, h er..not ..thick enough {o.allow defect,to | ead to unwanted
Gov! e 1 oSIRE Sharklr GiGh o RS iRBipdticlT [5G 1D uy A s BT ver
grown to anbiidekNeRS® ' ' sil ane
or disilane as a sourngg(m%/@gart?%gfgwgilﬁ%gggf @}g%?ﬁ?gorﬁggggg%ag&%gppi ng
| ayer, located in a top portion of this layer. The selective growth of composite silicon layer 10,
results in a tapered sidewall, which in combination with the tapered profile of the top
portion of STI region 4, result in V- groove shape 30, located between the tapered shapes of

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

A second embodiment of this invention relates to the non-selective growth of
composite silicon layer 10. Composite silicon layer 10, is again comprised of an optional
underlying, undoped silicon layer 7, a SiGe layer 8, and an overlying, undoped silicon layer
9, all at the same thickness as used with the first embodiment featuring the selective silicon
growth option. However to form a non-selective silicon layer the growth temperature used,
unlike the selective silicon counterpart, is between about 400 to 800° C, in addition to
employihg a pressure less than 200 m;corr. This is schematically illustrated in F1g 5. The
second embodiment, or the use of non-selective silicon growth, will subsequently require a
patterning procedure to remove portions of the non-selective silicon layer from non-active

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



allowing a silicon dioxide gate insulator |ayer to be subsequently forned
using silicon located in a top portion of this layer. The sel ective growh
of conposite silicon |ayer 10, results in a tapered sidewall, which in
conbination with the tapered profile of the top portion owﬁ§§§gm§pion 4,
result in V- groove shape 30, |ocated between the tapered sha f
conposite silicon layer 10, and STl regions 4. This is illustrated
schematically in Fig. 4. A second enbod&i nent of this invention relates to

t he non-sel ective gromh of conposite silicon |layer 10. Conposite silicon
| ayer 10, is again conprised of an optional underlying, undoped silicon

| 7. a Sice |l . and erlying, u dsili | 9, .all
o same ¢ hi cARE QN0 GaoRHes RO Wi FopSEor Il e B R P Mg pion i
Tayer ¢ he Db IhERRn AR RS e SRR o L B B PUIRERRF MRS o
count er pa%&mgfis%dtlﬁteﬁﬁ@rrbil%ﬂl&i#qg sfifof Atride, id Jﬂegggfédtdi@l)é% &gﬂgﬂcﬁb’fb ng a

pressure less than 200 ntorr. This I's scherati y t1Tustrat In Fig. 5.

The secompebcediaeslito fhick®iss bétveti® 8bdtt 1008 FRIOELAIHBS] ddnsételRMATY- W | |
subsequently require a patterning procedure to renove portions of the

non- sel ecfgroowes30.i Aavadtiay éon ételo (RIE) pravedure és thehe usediao selgetively, resoedithes from
the top surface of STl regions 4. 2 8 MAR 2007 8 The filling of V-grooves
30, with insalatertdayer 1énppmytbel tapssusiacopt qosrpasite siticorf lagen §0presilting insplator

I nvention,..| ext addressed d schemgtically shown in, Fig..®6. sul at or

| ayer 11, Hlled¥5Eo0uc R ISTH N LA teéﬁwﬁn,tqsma&ﬁé]ssor &,
deposi ted yi D..or. PECV r dure to.a thjckness be en a 100
o’ 2000° g el einC Ui B TeleiR b G § 48 chLGERRRR B M BRARR 1
(RUE) progeeirsp bifdcBeR conpshitqilReh &5k Y&! ?fd@ﬁf@a‘éechteﬂﬁcal hfaféﬁ&n?c_tapﬁoﬂsﬁmgr 11,
fromthe top surface of conposite silicon layer 10, resulting I nsulator

procedure can be used to remove portions of insulator layer 11, from the top surface of

composite silicon layer 10, again resulting in the formation of insulator filled, V-grooves.

Thermal oxidation procedures are next employed at a temperature between about 600
to 900° C, in an oxygen -steam ambient, resulting in the growth of silicon dioxide gate
insulator layer 12, at a thickness between about 5 to 80 Angstroms. Silicon dioxide gate
insulator layer 12, was obtained consuming only a top portion of overlying silicon layer 9.
The presence of overlying silicon layer 9, prevented the thermal oxidation procedure from
consuming portions of strained SiGe layer 8, which would have resulted in a silicon dioxide
layer exhibiting poorer dielectric characteristics than the silicon oxide gate insulator layer
grown from an underlying non-Ge, silicon layer. An undoped polysilicon layer is next
deposited at a thickness between about 500 to 2000 Angstroms, via LPCVD procedures.
Conventional photolithographic and anisotropic RIE procedures, using Cl, or SF¢ as an
etchant, are used to define polysilicon gate structure 13a, in NMOS region 40, and

_ polysilicon gate structure 13b, residing in PMOS region 50. The width of the polysilicon
gate structures is between about 180 to 5000 Angstroms. Removal of the photoresist shape,

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



filled V-grooves. The high etch rate ratio of insulator layer 11, to
silicon, using CHF3 or CF4 as an etchant, allows the selective R E
procedure to be easily term nated at the appearance of the top surface of
conposite silicon layer 10. If desired a chenical mechanicy @Qiﬁﬁping
procedure can be used to renove portions of insulator Iayer“%‘f omt he
top surface of conposite silicon layer 10, again resulting in the
formation of insulator filled, V-groov®s. Thermal oxidation procedures are
next enpl oyed at a tenperature between about 600 to 900 C, in an oxygen

- st eam anfieanemovedsud plasma iornygdneashing\prdve diresand aaesfuldivetcledas. gHteewet iclesu| at or
| ayer 12, at a thjckness between about 5 to 80 Angstrons. Silicon dioxide

gate i nsiresedires inglude the usgend adwifgrade dilotediiyele which rempvpexporediporions,
overlying sili.con er 9. .. The presence of overlying, silicon,_]ayer 9,
prevent ed °f H@Wﬁ%ﬁ)@%&ﬁ%@? gate b‘i‘%‘i"é‘&d?@rfl?d?‘ﬂt cesredihy s po %11"8% gatg

strai ned S@ |.ay; whi ch. woul d _have r.esulted. J sili.c di oxi de

| ayer exh?t)l I r?g’ tg‘%r%?heertogis t.imé“f:et ?’%%"“&Pﬁéﬁ%‘%ﬁ%@i %Y?rc%wgﬁgﬁe%lhg?g}ef? con oxi de
gat e i nsulalQiuk%8khenSitR -yngerlying non-Ge, silicon |ayer. An
undoped pglys?Ficon]ﬁayergﬁggﬁgg%ﬁnggggsited at a thickness between about
500 to 2000 Angstrons, via LPCVD procedures. Conventi onal

phot ol i t hographi ¢ and ani sotropic Rl E procedures, using 2 or SF6 as an
et chant, are Usgdlytdopdetouree/palydiDDY; espignl @ setrceldiain extéBdonsiare dMdyOdrmedi on

40, and polysilicon gate structure 13b, residing in PMOS region 50. The
wi dth of timbBoth¥ME)S region 40gand PMQSregione¥). i Eor putnasesofzdharity composits siigon

Ol a0 B SRS bR o e g pns
20073 RSBEAR Aoty BASIR BE RGBSR R 5
HF cycl e vilbrbitati6ABY Boreh RORE PelOnidd in energy less than 5 KeV, and at a dose between

about 1E15 to 1E16 atoms/cm?, resulting in P type, LDD region 14b, in the portion of

| PMOS region 50, or in a region of composite silicon layer 10, not covered by polysilicon
gate structure 13b. After removal of the NMOS block out photoresist shape, another
photoresist block out shape is formed on PMOS region 50, allowing implantation of arsenic
or phosphorous ions, at an energy less than 10 KeV, and at a dose between about 1E15 to
1E16 atoms/cm?, to create N type, LDD region 14a, in a region of NMOS region 40, or in a
region of composite silicon layer 10, not covered by the photoresist block out shape or by
polysilicon gate structure 13a. After removal of the PMOS block out photoresist shape a
silicon nitride layer is deposited via LPCVD or PECVD procedures, to a thickness between
about 500 to 2000 Angstroms. An anisotropic RIE procedure using SFg as an etchant is

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

result of these procedures is schematically shown in Fig. 8

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

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



or portions of silicon dioxide gate insulator layer 12, not covered by the
polysilicon gate structures, fromthe top surface of conposite silicon

| ayer 10. The result of these procedures is schematically shown in Fig. 7.
Li ghtly doped source/drain (LDD), regions, or source/drain?gxignglions are
next formed in both NMOS region 40, and PMOS regi on 50. For purposes of
clarity conposite silicon layer 10, wll now be displayed w t hout show ng
each of the three silicon conponents. phot or esi st shape, (not shown in
the drawings), is used to block NMOS region 40, from inplantation of boron
i ons, per Popelusilisen gate sirestyse 13bs or bhsiticen wigride spackrat 5. aTlpeplydetiglen  about
1E15 to 1E16 atons/cp®, resulting in P type, LDD region 14b, in the portion
of PMOS PEGPYRC Bper m?ia%%ﬁr@nb%we%#ﬁaéi e20kKeY o aylare begvestot
covered b l Sk L i ate structure 13b. After re al of bl ock
out phot o%té(gl?%ﬁés koag%{,% %‘tﬁ&sﬁzg} ‘%ﬁ%ﬁ%@%ﬁé’{ thr?lpglc?{?r qgﬁ?’?ﬁd‘éeq toqﬁ%c%n% on
PMOS r egi » | ' | ' [ at
an ener gy 08 e MR PARGHE! HRntls BRIk ENIOSRIOFS A Be

at oms/ cn arskiic 6f ROsPhdtoly Rshs tb BRimBRKRA idtddortidhs df NAIOS e @bNMROL EGced 40,
or in a region of conposite silicon layer 10, not covered by the

phot or esi by pblysiticow gate straqrareor3abyr bysiliyai hitriderspgeiel St Afted rermevald theAf t er
removal of the PMOS bl ock out photoresist shape a silicon nitride |layer is
deposi t edPhotaresiFCUBpe sEEOMmoch BRHYS esgion 30, dromh theldy éeps ipwlagaion about 500

to 2000 Angstrons. An ani sotropjc RLE procedure using SF6_as an efchant is
used to dBRIHRITE: 41 EBRARIDRAYE: Seamploxedis actynts e FsyRes N'hie Haaltap@ licon

g2t o USSRl R R belp HAESAREARBAARR 18, BIAER ARl by gl 11
S Used t hoy RESE Qe SR gl e in OSSR B0 The SR e ShePe
into a pofdak accobiplishédusigdiapidl thermd) @hneatiMe (’BTA), performed at a temperature between
about 925 to 1075 ° C, for a time beﬁzveen about 0 to 30 sec. The presence of SiGe layer 8,
as a component of composite silicon layer 10, helps to restrict excessive diffusion of

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

depth and degraded short-channel performance.

Completion of the CMOS process sequence, featuring a composite silicon layer
* comprised of at least a SiGe layer and an overlying silicon layer, entails formation of metal

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

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



2 8 MAR 2007 10 by polysilicon gate structure 13b, or by silicon nitride
spacers 15. The inplantation procedure is perfornmed at an energy between
about 1 to 20 KeV, and at a dose between about 1 E 15 to 1 E 16 atomns/cn®.
After renoval of the photoresist shape used to block out N regi.on 40,
anot her phot oresi st shape is forned overlying PMOS regi on 50, BN Gﬁng
arseni ¢ or phosphorous ions to be inplanted into portions of NMOS region
40, not covered by polysilicon gate stlfucture 13a, or by silicon nitride
spacers 15, After renoval of the photoresist shape used to protect PMOS
regi on 50,ttay tantaluwpncobat, inigkehar amggan. Aftecdaposition afithe meeal llaygr, eoeadlir e i s
enpl oyed to acgtivate tge type, and_ N t¥pe inmplanted, ions, resulting in
heavily ddBePIrres giseised it e mstal silicylg lavgpon the gpiprand seyredranelements. i n

heavily d source/drain region 16a,.in reqgi o ._The annea
o ocedur o T bL b B bEGirEicR it G GR BE irap o e SRS DRl o5 o e
at a tenperature between about 925 to 1075 C, for a tinme between about O
to 30 sec. The presence of SiGe |ayer 8, as a conmponent of conposite
silicon layer While gk pfveh@of B&teks Faﬁ?éﬁl%ﬁ? IsN@vihrld dsEPBrdChith REréNBEEEhdOr ON
in the vertical direction that would | ead to increased source/drain
junction mefptrbd ambodiegmadiddrest) dr wil Cheunmietstqudrfyahosrskiled Go el 22t tharvaedbug he
CMOS process sequence, featuring a conposite silicon layer conprised of at
| east a Sichangesyeforgnandedetailsanaybewgads witbout departing from th bpirif andhssopoof this
metal silicide layers on the top surface of the polysilicon gate
struct ur ed™Ve¥9on the top surface of the heavily doped source/drain
regions. Several alternatives to formng the netal silicide layer directly
on the conposite silicon |ayer, in which unwanted aggl onerati on of
germanium nmay occur at the boundaries of the silicide |layer, can be

enpl oyed. First the conposite



silicon | ayer can be renoved prior to netal silicide formation,
specifically after silicon nitride spacer formation. A second alternative
is an additional selective epitaxial growh of silicon, wused to forma
rai sed source/drain region, so that a subsequent silicide gﬁrﬂﬁzwﬁn
procedure would not consume the underlying SiGe | ayer. The &e used for
silicide formation, in either of the above alternatives can be chosen from
a group that contained such candi datesllas 8 MAR 2887 11 titanium tantalum
cobalt, nickel, or tungsten. After deposition of the netal |ayer, anneal
procedures are used to formthe netal silicide |layer on the gate and
source/drain elenents, followed by renoval of unreacted netal fromthe
surface of the spacers and STl r&dadissclaivieidlie this i nventi on has been
“particularly shown and described with reference to, the preferred

enbodi nents thereof, it wll be understood by those skilled in the art that

api it and- sctgierd bl ReaRpRlseriary koo semiconielr (LHIQY AR | 5. A
SEt hod of fabpjcalihfg s @tt%rfé'atu{fﬁfgfaal sil?&)h.q eﬁﬁﬂi\ﬁ‘ﬁ!@i‘dﬁs,%yeﬁ QPR 2
evices on a sem conductor substrate, “featurifg a silicon’- "gernmani um

(Si Ge), |ayer coipsheffota CHIPAREH cHRfind r&IYEH vABMIE TtEI RN alsBI8EBR, W th
the integration of a selective epitaxially deposited, strained SiCGe

channel | ayer epitaxialigebositede strnqieSiGerchithehiay e in of OMOS procesd perf@nledbftan |
regions, conprising the steps of: providing a first region of said
seni conduct or fasmigtion af solatioh eegismsdcemprisin epiof:

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

layer.

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

trench isolation regions.

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

silicon layer.

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



channel netal oxide sem conductor) region, and providing a second region of
said sem conductor substrate to be used as a PMOS (P channel netal oxide
sem conductor) region; formng isolation regions in top portions of said
sem conductor substrate; formng a P well region in said pﬁgﬁgzﬁ?ion, and
formng an Nwell region in said PMOS region; selectively” p% iting a
conposite silicon layer on the top surface of portions of said

sem conduct or substrate not occupi ed bi3 said isolation regions, with said
conposite silicon layer conprised of said SiGe | ayer, and conprised of an
overlying silicon layer; and form ng a gate insulator |ayer on said

overlyingssi | TOmMethb@yLElaing 1, WhereiiBdildf 18fer Gindéidg s SI®@d Ry&aisdblaieliat i on
regions are insulator filled, shallow trench isolation regions. 3. The

met hod of cl ai thidknessHmtween atmiud 0¢coiPpd Anpsirand. i con | ayer is an undoped
conposite silicon layer. 4. The nmethod of claim1l, wherein said SiGe |ayer
is grown on an underlying silicon layer. Z8 MAR 2007 13 5.. The nethod of

claimi1, ergjn sili.c | ayer, underlying said SiGe |ayer, is. ohtajned at
a thi ckneg(s] bLhoethod gb i 1y wharse ml?wdglywémﬁ&fﬁ%hym 15635?%6 ,
wherein silic | ayer nderlying.sai.d,Si Ge |ayer, | I {vel rown
via ultra-hi ggﬁa\‘}vzﬁlc‘xu%%’trgﬁjé%? X%ﬁ){m{fg Plﬁéﬁ&qrtdf%%ﬁm%gﬁb Lprgg%ﬁ uerg'es. 7.

The nethod of claim1, wherein silicon |ayer, underlying said Si G |ayer,
is selectively grown at tenperature between about 400 to 800 C, and at a

pressure het WeRimke9d of thah 120BefiPsiliconiaydRdinderllEng s41ll SiGSlayan R salectdvely
sour ce.
grown at temperature between about 400 to 800° C, and at a pressure between less

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

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

germanium content between about 20 to 40 weight percent.

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

vacuum chemical vapor deposition (UHV - CVD) procedures.

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

disilane, and germane as reactants.

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

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

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

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



8. The method of claim1, wherein said SiGe |ayer of said conposite silicon
| ayer, is selectively grown to a thickness between about 20 to 150
Angstroms, with a germanium content between about 20 to 40 wei ght percent.
9. The nmethod of claim11l, wherein said SiCGe |ayer is selectively grown via
ul tra-high vacuum chem cal vapor deposition (UHV - CVD) (rfogednoes. 10.
The nmethod of claiml, wherein said SiGe |ayer is selectively grown at a
tenperature between about 400 to 800 & and at a pressure |ess than 200
norr, using silane or disilane, and germane as reactants. 11. The net hod
of claim1, wherein said overlying silicon |ayer of said conposite silicon

layer, is1sel Thd inégod ofERM 11 WhérelHatk RIS IRAIINRE TayRPRUEIcStiveS) didm at a
Angstronms. 12. The nethod of claim 1, wherein said overlying 'silicon |ayer

i s sel ecti vel tempemtre\bietween| dboat400gb 808t GCuanddiarpresslire\les dhiandXj0asiotd, aging UHV
- CVD) procedures. 2 8 MAR 2007 14 13. The nethod of claim 1, wherein said
overlyi ng si | $iteda or digdaneias asehuset i vel y grown at a tenperature between
about 400 to 800 C, and at a pressure |less than 200 morr, using silane or
di silane as a source. 14. The nethod of claim 1, wherein said gate

i nsul at or ,l,ay I S.a.Slljcon dioxide.gate. insujatar |ayer. 15 The nethod
of claim 1% wﬁé? micthod of aiagg[iew At %5t att? InSWRtor Y e ﬁisﬁé@ g‘f’xgelgﬁtleckness
bet ween about iréultag)rqg,eéngstrons, via thermal oxidation procedures perforned
at a tenperature bet'ween about 600 to 900 C, in an oxygen - steam anbient.

16. A nethod of forming CMOS devices featuring a channel region forned in a
sel ectively

15.  The method of claim 1, wherein said gate insulator layer is obtained at a thickness
between about 5 to 80 Angstroms, via thermal oxidation procedures performed at a

temperature between about 600 to 900° C, in an oxygen - steam ambient.

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

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



grown, conposite silicon |ayer, wherein said conposite silicon |ayer is
conprised of at |least a strained Si Ge |layer and an overlying silicon

| ayer, conprising the steps of. providing a first region of said

sem conductor substrate to be used as an NMOS region, and providing a
second regi on of said sem conductor substrate to be used agg &ir RVDS regi on;
formng shallow trench isolation (STlI) regions in top portions of said

sem conductor substrate, with a top po??ion of each STI region featuring
tapered sides; forming a P well region in a top portion of said NMOS
region, and formng an N well region in a top portion of said PMOS region;
sel ectivel y dapoktdrilfgraeaorgsiciton &f ihéulaior lagsefkor thd top stirfiee 9fisdidice of
said P well region and on the top surface of said N well region, with said
conposi t e si | cepositejesuldteayeriresyltingde irmsulasirddled V-gmolves Incptédbetweegrsaidy e
openi ngs | ocated between said tapered sides of said STl regions and tapered
sides of sai dS&brasisad spidicemmpositpsalicondayeriandrheraially osidizaag & ©pPPTHOBSA

| ayer conprised, of .a sil.icon | r, a.strained Si G |ayer, and an

ovart yi g s & FasaVeres SibGRBepid ymhsBoaT ands spanor i dinch nn B ayer
removi ng portion af | A romthe top surface of said conposite
i nsul at or Iaygrﬂ?géﬁ @?Eﬁgﬁﬁhgﬁg%ﬁék%?Pfilled V- grooves | ocat ed between
said STl regions and said conposite silicon |ayer; and thernmally oxidizing
a top por tison-@f i W D il | ayer to f.orm L | OX1 ge
Gat o' heultde or B meBehr Rt % BileRln oS 8L 8 G bRap L RS BRIHC,
17. The met hodhfks Ghat ' ' N i LG@N Oxi de
filled shalIomﬁ?&éncﬁhaiﬁg%gﬁﬁﬁPg?ﬁgﬁé?gngag%gf (%gfﬁgéﬁH§€%5%93000 to 6000
Angstroms in sahidondeNorcubstiator substrate.

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

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

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

layer.

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

Angstroms, using silane or disilane as a source.

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

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

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

layer, is selectively grown with a germanium content between about 20 to 40 weight

percent.



18. The method of claim 16, wherein said conposite silicon layer is
obtai ned via ultra-high vacuum chem cal vapor deposition (UHV - CVD)
procedures, at a tenperature between about 400 to 800 C, and at a pressure
“less than 200 ntorr. 19. The nethod of claim 16, wherein said SiGe |ayer is
grown on an underlying silicon |ayer. 20. The nethod of c% iﬁk%ﬁ? wherein
said silicon layer of said conposite silicon |layer, under @ihg said Si Ge
l'ayer, is selectively grown to a t hi ckHess between about 0 to 100
Angstromns, using silane or disilane as a source. 21. The nethod of claim
16, wherein said strained SiGe | ayer of said conposite silicon layer, is
sel ecti veRy. gThsumethod af thim K 6eaherioki saREdrailed BiGe2Ryérofk5id cBapstiteailiton 22. The
‘met hod of claim 16, wherein said strained SiGe |ayer of said conposite
silicon | ayelayes s sslebtisaily geiwn pingsilang dhdisilage rand gemmane @s teantantset ween about
20 to 40 weight percent. Z 8 MAR 2007 16 23. The nethod of claim 16,
wherein said strained SiGe | ayer of said conposite silicon |ayer, is
sel ectivel,y grown ysi.n i1 gne or disi]ane,. and. ger mane. as, react.ants. 24.
The' et hodor T0Y Beffod6T ol 18 hesin skl SRRy g ieHk lafBroh Sy Liom s o
conposite silj . i ecti.vel Pl e t n about
5 to 100 Angs*a&glgxlss Jggel\éﬁgelyg?\gﬁltao %?ﬂl%l}&sei)’(ﬁ %ﬁggésabgutgsoﬁﬁc@.&%&ogﬁe% hod of
claim 16, whegginB op@isfhdensylBtRe | ayer, used to fill said V-groove
openings, is a silicon oxide [ayer, obtained via deposition of a silicon
oxide | ayer at a thickness between about 100 to 1000 Angstrons.

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

thickness between about 100 to 1000 Angstroms.

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

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

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

ambient,



26. The nethod of claim 16, wherein renoval of said insulator |ayer used to
formsaid insulator filled V- grooves, is acconplished via reactive ion
etching procedures. 27. The nethod of claim 16, wherein said silicon

di oxi de gate insulator layer is obtained at a thickness beztavvﬁ Oﬁj;out 5to
80 Angstrons, via thermal oxidation procedures perforned at an erature
bet ween about 600 to 900 C, in an oxygeny- steam anbient. 2 8 MAR 2007 17
28. A nethad of formng CMOS devices featuring a channel region fornmed in a
sel ecti vel2§: ngm'shOéoﬁgcf eiming SCMQD rdavigger featwhing ei phanaeld regiomp doited i la con

| ayer is conprised of at least a strained Si Ge | ayer and an overlying

si li con | aglectivetprgroivej rgmpbsite siliepa hiyer, pwhetkidi sgd acohiposite rslfoanlagér sai d
sem conductor substrate to be used as an NMOS region, and providing a

second r egoniprisdd 60htdlest &l seAMIY HGE 184 She ahvhdyi %sﬂ[é&ﬂla@rér RonipMsiag HIRYI ON;
form ng shallow trench isolation (STlI) regions i'n top porfions of said

sem condug{eggof.substrate with a top portion of each STl region featuring
tapered sides; formng a Pwell regionin a top portion of said NMOS

region, and f i;on i.n a.t rtjon pf sa i on;
sel ecti vel y posdﬂ?% %g’hgl i(l:%ﬁ;}:l)lo(s)f s%dsﬁniu%%dulc%éﬁgsgﬁ{e ﬁ’eg? (ﬂfieiﬁ? @Wsai d
P well regi.on an hetogﬂﬁrface gf sald N %glon \x)th sai d
conposi t e &P P‘é%y ng gy HE L PES ?%%EH fraf§ PPtV
openi ngs | ged Jbetween said tapered si des of sal d STl regions and

t apered si %@ df28%i d conposite silicon layer, and with said

forming shallow trench isolation (STI) regions in top portions of said semiconductor
substrate, with a top portion of each STI region featuring tapered sides;

forming a P well region in a top portion of said NMOS region, and forming an N well
»region in a top portion of said PMOS region;

selectively depositing a composite silicon layer on the top surface of said P well
region and on the top surface of said N well region, with said composite silicon layer
featuring tapered sides, resulting in V-groove openings located between said tapered sides
of said STI regions and tapered sides of said composite silicon layer, and with said
composite silicon layer comprised of a silicon layer, a strained SiGe layer, and an
overlying silicon layer;
| depositing an insulator layer;

removing portion of insulator layer from the top surface of said composite insulator
layer resulting in insulator filled V-grooves located between said STI regions and said
composite silicon layer; and

thermally oxidizing a top portion of said overlying silicon layer to form a silicon

dioxide gate insulator layer on a bottom portion of said overlying silicon layer.



conposite silicon layer conprised of a silicon |ayer, a strained SiGe

| ayer, and an overlying silicon |ayer; depositing an insulator |ayer;
renoving portion of insulator |layer fromthe top surface of said conposite
insulator layer resulting in insulator filled V-grooves |ocated between
said STl regions and said conposite silicon layer; and ther gl #p oK di zi ng
a top portion of said overlying silicon j@yer to forma silicon dioxide
gate insulator layer on a bottom portion of said overlying silicon |ayer. ?
8 MAR 20079. 18he metieofrelain 8o fwhetan srid8S Tivtegicas are silicorSaxide dilied rebalkove
silicon oxide filled shallow trench shapes, fornmed to a depth between

~about 3000rdnch 6€HaPesinipsied e 4 ndepeti betvseti aboid U000 toS BDSH rArigdtrod8 . inThed
“method of claim28, wherein said conposite silicon |ayer is obtained via

ul t r a- hi gheaeondaztohgibsgak. vapor deposition (UHV-CVD) procedures, at a

t enperature between about 400 to 800 C., and at 'a pressure |ess than 200
norr. 31. The nethod of claim 28, wherein said SiGe |ayer is grown on an
underlying silicon layer. 32. The method of claim28, wherein said silicon

| f sgjd ' i | der | vi id Sice.l i

ol ect vel 3 of Bonneod o e, . sl Gimo P sen Ristgis Plfired rng
i | j_siL . 33. The. nethod of claim28, wherei i d

St rai ned. S Srctir R oapac deRoan ARV QUL proGeduigh) Bk ISAERRF on

to a thickness between about 20 to 150 Angstrons. .
etween about 400 to 800° C., and at a pressure less than 200 mtorr.

31. The method of claim 28, wherein said SiGe layer is grown on an underlying silicon

layer.

32. The method of claim 28, wherein said silicon layer of said composite silicon layer,
underlying said SiGe layer, is selectively grown to a thickness between about 0 to 100

Angstroms, using silane or disilane as a source.

33. The method of claim 28, wherein said strained SiGe layer of said composite silicon

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

34. The method of claim 28, wherein said strained SiGe layer of said composite silicon

layer, is selectively grown with a germanium content between about 20 to 40 weight

percent.

35. The method of claim 28, wherein said strained SiGe layer of said composite silicon

layer, is selectively grown using silane or disilane, and germane as reactants.



34. The.nethod of claim 28, wherein said strained SiGe |layer of. said
conposite silicon layer, is selectively grown with a gernmani um content

bet ween about 20 to 40 weight percent. 35. The nmethod of claim 28, wherein
said strained Si Ge |layer of said conposite silicon |ayer, igaﬂﬁ%ﬂggively
grown using silane or disilane, and germane as reactants. 2 07 19
36. The nmethod of claim 28, wherein saidqgoverlying silicon |ayer of said
conposite silicon layer, is selectively growm to a thickness between about
5 to 1.00 3&ngEhe omthads phglaimi 2§ nwhereindssid | ardyiag siliconulager. of Faid Tdompositdod
of claim 28, wherein said insulator |ayer, used to fill said V-groove

openi ngs, silikon layer) s galeotvelie gtdyeto a GhitiaichebbtWedh ARROS itd 1100 ARsteorhd hdigON
oxi de layer at a thickness between about 100 to 1000 Angstroms. 38. The
met hod of sghad &8 B8lan¥hsh8bwrcs enoval of said insulator [ayer used to form
said insulator filled V-grooves, is acconplished via reactive ion etching
procedures. 39. The nethod of claim28, wherein said silicon dioxide gate

i nsul ator layer is obtained at a thickness between about 5 to 80

Angstrons,,~via,_ t her x| dation procedures erfornmed ten ature

bet ween al%gUtﬁ%?)ﬁwtﬂg’B&ﬁlﬁg CE.“,“ #@ WATTERy R o &g é’ﬁ?‘ftt‘)él%‘.u ﬁ‘@ﬁf‘)o&i de
sem conductor, field ei.f ect ,trzﬁgsi stor ., (MOSFET) structure_ on a,

sem condu@PERINgS S td sitieon exidsripksrn gbtained yiardsposition aljaswigonotids ehalshapes
conprised of underlying bottomportions featuring straight sides and

ext endi ng.thickesss hetwege pbeu Q0 te 40@hAngstegmssur f ace of said  seni conduct or
substrate downwards into a top portion of said sem conductor substrate, and

38. The method of claim 28, wherein removal of said insulator layer used to form said

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

39. The method of claim 28, wherein said silicon dioxide gate insulator layer is obtained
at a thickness between about 5 to 80 Angstroms, via thermal oxidation procedures

performed at a temperature between about 600 to 900° C., in an oxygen-steam ambient.

40. A metal oxide semiconductor field effect transistor (MOSFET) structure on a
semiconductor substrate, comprising;

insulator filled shallow trench shapes comprised of underlying bottom portions
featuring straight sides and extending from a level equal to the top surface of said
semiconductor substrate downwards into a top portion of said semiconductor substrate, and
with said insulator filled shallow trench shapes comprised with overlying top portions
featuring tapered sides, and wherein said overlying top portions of said insulator filled
shallow trench shapes extend upwards to a level between about 1000 to 2000 Angstroms

above the level of the top surface of said semiconductor substrate;



with said insulator filled shallow trench shapes conprised with overlying
top portions featuring tapered sides, and wherein said overlying top
portions of said insulator filled shallow trench shapes extend upwards to
a level between about 1000 to 2000 Angstrons above the |evel zgfurth@rt op
surface of said sem conductor substrate; 2 8 MAR 2007 20 a conposite

sen conduct or shape on a top surface of gai d sem conductor substrate, wth
sai d conposite sem conductor shape featuring tapered sides, and | ocated
bet ween sai d 2 §0@ppspierrgmiesndpetor ishars orf agap durifave i sbidr sefriitdnshictoh aibistrate,
trench shapes; insulator filled V groove shapes |ocated between said
conposi t e widhraidnalupesite ssthpedudodstmpe deanyitigl typenrgl sidyp, el fotatad betveandatt
insulator filled shallow trench shapes; a conductive gate structure on an

under | yi ngvgelyingitoysporéibsy of satCiabeldtop filldd BRAlfowafeneh shapaé;d top surface of
sai d conposite sem conductor shape; insulator spacerS on sides of said

conductive gafngulafof GHEY NVegroald s&g@? Weafd %reﬁii/e@% @%g icslgfbﬁteasegl%&fdﬁﬁopghagéii d

conposite sem conductor substrate not covere d conductive gat

structure o : . I i i our drai n region

ext endi ng éﬁﬁtsgmaoﬁéﬂﬂigg?ﬁ%%%?f%%ﬁmg?lagémei g}?ﬂg‘é’ﬁfﬁ}ﬁﬁ géapgf!bst rate. 41.
The MOSFET structure of claim40, wherejn said insulator filled shallo
trench shape® ‘& °§8?T§?‘ies* e op i BReBYMBEA PN S [acrifdon 3 PRFHOBEE t om
portions of,said _insulator filled shallow trench shapes extending to a
dept h bet WakHOoRSBHRce b 5o1dcomposite sempigardusios shapesai d sem conduct or
substrate. 42, The MOSFET structure of claim40, wherein said conposite

sem conduct or insHales spasersprpiddssd gaidi condagtive gatersiryétong; siid i con. shape at a
t hi ckness between about 0 to 100
a source/drain region in a portion of said composite semiconductor substrate not
covered by said conductive gate structure or by said insulator spacers, with said

source/drain region extending into an underlying portion of said semiconductor substrate.

41. The MOSFET structure of claim 40, wherein said insulator filled shallow trench
shapes are comprised of silicon oxide, with said underlying bottom portions of said
insulator filled shallow trench shapes extending to a depth between about 3000 to 6000

Angstroms in said semiconductor substrate.

42. The MOSFET structure of claim 40, wherein said composite semiconductor shape is
comprised with an underlying silicon .shape at a thickness between about 0 to 100
Angstroms, a middle shape at a thickness between about 20 to 150 Angstroms comprised
of strained silicon-germanium (SiGe), and an overlying silicon shape at a thickness

between about 20 to 150 Angstroms.



Angstrons, a mddl e shape at a thickness between about 20 to 150 Angstrons
conprised of strained silicon-germanium (Si Ge), and an overlying silicon
shape at a thickness between about 20 to 150 Angstronms. 2 8 MAR 2007 21
43. The MOSFET structure of claim40, wherein a mddle shagzga; Rﬁ@md
conposite sem conductor shape is conprised of strained Si ﬂt a

ger mani um cont ent between about 20 to 4@ wei ght percent. 44. The MOSFET
structure of claim40, wherein said insulator filled V groove shapes are
conpri sed 4% Th¢ IMORFBX| stmicture of claim 40, wherein a middle shape of said composite

semiconductor shape is comprised of strained SiGe with a germanium content between

about 20 to 40 weight percent.

44. The MOSFET structure of claim 40, wherein said insulator filled V groove shapes are

comprised of silicon oxide.



