. ORSTUVe3e! k! hP6T57METHOD OF FABRI CATI NG A MOSFET DEVI CE USI NG A SPI KE

RAPI.D- THERVAL OXI DATI ON PROCEDURE BACKGROUND OF THE | NVENTION (1) Field of
the Invention The present invention relates to nethods used to fabricate
“semi conductor devices, and nore specifically to a nethod of fabricating a
nmet al oxi de sem conductor field effect transistor (MOSFET) device, using a
repl acenent gate dielectric layer and featuring spike rapid thernmal

oxi dation procedures to preserve ultra-shallow junctions. (2) Description

of Prior Art } RN a g el i ] i on ility to fabricate

‘'sem conduct or%ﬁgﬁﬁm@m%ﬁbﬁﬁﬁ&ﬁ@ﬁéﬁ%@% i ncrease devi ce
per f or mance and tso- reduce processing costs, has been in part acconplished
via advancenent s St I BedLR i [HERMAL LIGNRROCERER s uch as :
phot ol i t hography and dry etching. The use of nore sophisticated exposure
tools as well as the use of nore sensitive photoresist materials have
~allowed:sub - 0.13 umfeatures to be routinely defined in photoresist.
layers: In addition t h8AHEROPNIMNOFOMIEDNEERTIGMced dry etching tools and
processes have allowed the sub - 0.13 umfeatures in masking photoresi st
shapes to be successfully transferred to underlying materials, such as the
insulator, netal, and senmi.conductor |ayers, used for fornmation

sem cogq@gggftﬂgmvg%n However in addition to the shrinking features used
for sub’- 0.13 um. devi ces, the thickness of specific materials or

el ements of the sub - 0.25 umdevice also have to reduced. One such MOSFET
el ement neiged”to be reduced in thickness to provide performance benefits
is the gateMgPErestinvptiondplates (o agaods used o fabricagss sepfigondpgtonrsvicgn aad
dielectric layers highlight specific areas of concern not as critical wth
-t he usBoBrsPegifigatlyio gmeéhogicﬁ fabricating 4 metek exidetiemicondpitarshid Effietti cenbisi@mage of
the gate dielectric layer, incurred during a plasnma dry etching procedure
used t MQEFEFedexiveonsrg aieplgcanamd patt dietecgitigycs hidiRhtufiBg ssiROrapRSHérnal N

del eterious charge-generation in the underlying gate dielectric layer, in
addi t i eiddtion@pegeastN® prétervgalier-eiaBbR Gidctiendr eakdown strength. Secondly,
when a gate dielectric layer such as silicon dioxide is forned on an

under | yi ng seni conductor -alloy |ayer such as silicon - gernmani um
subsequent high tenperature processing procedures can result in unwanted
segre ' . |ani um at the silicon dioxide/silicon germani um

interf éggngﬁéoggfe@@%tAranenti on will describe a nethod of fabricating a
-MOSFET devi ce wherein the conductive gate structure, formed on an
underlying gate dielectric layer, is not defined via plasma dry etching

pr ocedur eg‘/lﬂ%@%ﬁuﬁvﬁm pigthe Alilifyge dabsichie sgmisbndsictos devitesduitedibenivage of t he
gate dielectric layer: In-addition this invention will describe procedures
~used flgpturehsedded tramcrsasealevich perfartendti adec teduce prayesinybostd) had tsen i givd de f or
- activation of dopants i-n already formed ultra-shallow :

' accomplished via advancements in specific fabrication disciplines such as photolithography and

dry etchihg. The usc of more sdphisticated exﬁosure tools as well as the use of more sensitive
phdtoresfst materials have allowed sub - 0.13 um features to be routinely defined in photoresist

: layers. In addiﬁo’n the develol‘:o.ment of more advémced dry etbhiﬁ_g tools and processes have

'-éliowed the sub - 0.13 um features in masking photoresist .sl._lap.es to be successfully transferred to

_ underlying_materials, such as the insulator, metal, and semiconductor layers, used for formation

semicondu.ctor devices. However in addition to the shrinking features used for sub - 0.13 um .



~ senico gugkor field effect transistor (MOSFET)

source/ drain regions, thus elimnating the use of higher tenperature dopant
“activation procedures, and thus allow ng the use of silicon- germanium
~underlying the gate dielectric |layer with decreased risk of gernmanium .
- segregati on phenonena. Prior art such as Buynoski et al, in US Pat. No.
6, 300, 203 'B1, Gardner et al, in U'S. Pat. No. 6,140,688, Lee et al, in US.
Pat. No. 6;107,140, Kim in U'S. Pat. No. 6,365,450 Bl, Lee, in U S. Pat.
-~ No. 6,391,697 B2, and Huang et al, in US. Pat. No. 6,033,963, describe '

" met hods, of fqrm. jate di.el ectric |ayers without subsequent exposure to
pl asma d&Y‘?%ﬁ“@ﬁEﬂﬁ%ﬂ%ﬁ é@ﬁﬁig%gl.ateﬂéﬁ ot ?F/’mfs’h‘é obhswib pP Lo rmeyics glseviare gescr i be
t he noVP8l conbi nation of process steps used in the present invention
featuriaf formation of a gate dielectric |ayer on a sem conductor all oy
1 ayer, redueedPnesick MO Celeinentinagded tekprducad it thighnassta petrvwdegteefoimance
procedures, and with a gate dielectric formation procedure allow ng dopant
- acti vabensfitd B tiecgattr divkettrio lyes gweaattieaise of tha tisfmer ol dutdctic [Bldroi Hﬁg}_@o nent
-.at. the gate dielectric - sem conductor alloy interface. SUWARY éF HE
| NVENTIsfdifid arbes ¥ BoRiradk a@Erittdai with e8RS bOMidker %@&ibl@@t}i%ageﬁ?%ﬁh, oxi de

T evi ce, rein a gate
“insul ator layer is formed on a sem conductor alloy layer. It is another

~ obj ect . §S. i ' orma gate insulator |layer via a I tiple
opt ko b e P S R ety MR e BBty ehpp et Riior
‘result in novenent .of dgpants in already formed source/drain extension
(SDE), ¢ &fingRa ove Y“i‘%c%’(f)iﬁ?t}vea%ﬁ'iﬁtSHé‘fw@b?f’é‘é?w&fm@Pﬂi@@ﬂpl#ﬁfélﬁt&e@ﬁnqr@imeﬂ thee a
.. conductive gate structure on an underlying gate insulator |ayer w thout the
“use of updslying, gate diglesiricHaxes in RidRioptosiseadmgshe gatidiclavtoic traakdpiragreagthnduced
. .damage (P117) of the gate insulator layer. In accordance with the present
~ i nvent iSeepndlyretibrod gaié dictectricrigyea sidRGE Eilicoedioride fefatiied Agarbur@dtiging nsul at or
| ayer obtained via a nultiple spike rapid thermal oxidation (RTO
pr oc edygmicomdidtod Bli@i 1af4 s\dhdasisaicoRt F&ﬂqaﬁfunﬁ BulR¥&§lechYhiBE tenacthied ipi’(ﬁ:eﬁfhge
- structure formed without the use of RIE - procedures, preventing plasma
I nduced:dalRace fedifity GRS BR draEmil S RS GlbRCHoxi GRIBOST L ©
insul ator layer conprised of a nderlying pad siTicon oxide ['ayer and an
- overlyi ilicon-nitride layer, is formed on the surface of a
sem coﬁ%ﬁéa?'glﬁl{%g%%ﬁ'ate, or on a sem conductor alloy |layer |ocated on the
sem conductor substrate. A conposite insulator shape is defined on the

The present invention will describe a method of fabricating a MOSFET device wherein the
conductive gate structure, formed on an underlyiﬁg gate dielectric layer, is not defined via plasma
dry etching .procedures thus eliminating the possibility of plasma induced 'damage of the gate

_ dielectric layer. In addition this invention will describe procedures used fér_ the formation of the
.gate dielectric layer whif:'h alsd proi/ide for activation of dopants in already formed ultra-shallow
| éource/drain regions, thus eliminé.ting the use of ﬁigher temperature dopant activation
. procéd_ures, gnd thus aIlowihg the use of silicon.- germanium underlyin_g the gate dielec.tric layel; '

with decreased _risk'of germanium segregation phenomena. Prior art such as Buynoski et al, in

US Pat. No. 6,300,203 B1, Gardner et al; in'U.S. Paf. No. 6,140,688, L.ee et al, in

- U.S. Pat. No. 6,107,140, - Kim, in U.S. Pat. No. 6,365,450 B1, Lee, in



. underlying gate T

. surface of ‘the senm conductor alloy 1ayer followed by formation of -a SDE
“region in an area of the sem conductor alloy |ayer not covered by the

- conposite insulator shape. Insulator spacers are forned on the sides of the
conposite insulator shape followed by formation of a heavily doped
source/drain region i'n an area of the sem conductor alloy |ayer not covered
by the conposite insulator shape .or.-by the insulator spacers. Deposition of
an undoped silica glass (USG | ayer, -and planarization procedures; are
- foll owed by selective renoval of the conposite insul ator shape, resulting
in an’ {ng.,in.the G layer, and in_the adjacent insulator spacers,
exposi ﬂgggﬂ aﬁ%‘f B@ﬁ lépygﬁea ggetacd B RataNe Sfi33Aedudesaibeandtibydsiofy er
"l ocated between portions of the SDE region. A gate insulator |layer is

f or med fgminheatediglssisig lasrswighrubsubstmpestenpomrziogplamaalry eivhihgpecediras. a fir st
portion of the spi ke RTO procedure, ‘perforned at a tenperature which does
not redNoint of the dbdfeysionart abwSREdebiibathe nbud] combibhiisn bfprbdess GERWsb Rftnd he
cgate insulator layer, while a second portion of the multiple spike RTO

deren T L yadi f th
pr ocedfede tmﬁfeﬁ@éﬁfﬁﬁtuﬁtég %)éﬁ& GOPS! 4 SROGEREHE Ta/y%‘em Setitdhddtibt ‘?1?’5’3 St fed an

b
dopants in both SDE an avi |y doped sourcefdrain regions. I’'red an
additi ¢ j -di.al: o | or |ayer can, be formed.on.the -
tinder ! g1 g g UP NS GpSoReh W R L EhRE PR AN TR BT AR onea
- by a planar.izatio rrocedure result.'in a conductive gate structure on the
| b Bl Al BB o Rbitrioni B oG B PR BRN oA SEhleo sty
‘defined,. in the USG - i nsul ator spacers. The obj ect and ot her advantages
of t hi dINRASRONGH ahihe epiedliclerdricr sepdepnipeterpdlopinieificeed embodi ment wi t h
‘reference to the attached drawi ngs that include: Figs. 1 - 8; 10 - 11,
whi ch schematically in cross -sectional style show key stages used to
fabricate a MOSFET device in which a gate insulator is forned via a
mul tiple spike RTO procedSIB/MARY OREHE INVENTIBNICt i ve gate structure is
- fornmed on the underlying gate insulator |ayer without the use of R E _
‘procedures. - Fig. 9, which graphically illustrates the thermal profile for

the mul ti phgs spblieet BT RiPHOGREH IS fib U SRR PR @kR), | aver used
in this present likinvent i-on. DESCRI'aPT%g?\fEl %@é@%&%ﬁ%@ﬂb&ﬁ%&ﬁﬁﬁms The
met hod . | ' FET device featuring-a gate insul ator |ayer

tr. : . ,
For ned e G MR A el Wheiele £ 535 FBulsRE 1050 Sl G angmatan ey of an
overlykgg_conductive gate structure fornmed wthout the use of RIE
proced $ to prevent plasma i nduced danmage of the gate insulator |ayer,
wi |t now be described in detail. Sem conductor substrate 1, conprised of P
- type single crystalline silicon, featuring a <100> crystall ographic
- orientat i of,is anpthes ebjectrd this eemiicndalféryn a gate insulator layer via a multiple spike rapid
thermal oxidation proc_edure; at temperatures which does not result in movement of dopants in -~

already formed source/drain extension (SDE), fegions.

- Tt is still another object of this invention to define a conductive gate structure on an
- underlying gate insulator layer without_the use of reactive ion etching (RIE) probedureé, thus

avoiding plasma induced damage (PID) of the gate insulator layer. '
In accordance with the present invention a method of forming a MOSFET device featuring

a gate insulator layer obtained via a mu]ﬁplc spike rapid thermal oxidation (RTO)-procedufe, and

' obtained via formation of an overlying conductive gate structure formed without the use of RIE



- shown in Fig. 1. A subsequent gate insulator can either be formed on the

- top surface of. senlconductor substrate 1, or if deS|red to enhance MOSFET

performance via increased carrier nmobility in the channel region; the

. subsequent .gate insulator layer can be forned on a silicon | ayer -
~overlying a sem conductor alloy such as a silicon - gernmaniumlayer, or can

be formed on a seniconduct or al l'oy layer such as a silicon - germani um

. layer. For this description the sem conductor al loy layer option will be
' d. I t
i cicnBie B e HER e R fomh & A Ee?*“%l%“%%ﬁ@‘eﬁtd%%cﬁg%%ocSdﬁr es

such as chem cal r 0Si Si | S|Ia e as a

- Sor ot Rl IR SERERA N b Rite B B TR il AAEISRE 2 gt
percent of germaniumin silicon - gernanlun1la er which will influence the
. carri eﬁlilﬁwbmltri®9axeh is femggbertie spdqged aéﬁﬁﬁﬁwc;y%gvl&ﬁate orj of EMiEEBAYEYout 5
" to 35. Silicon oxide layer 3a, to be used as a pad oxide |layer, is next
f or medalbey lsydrllmmtwd@artmnﬁagiersumtrm 4 aohipokiteagsuldser shepmisalbfined @0 to 200
Angstr¢émrs, via | ow pressure chem cal vapor deposition (LPCVD), or via
pl asma enhanced chemical vapor deposition (PECVD) procedures. If desired,
- si i cogyrpxck dethk aMBicoRBicER RIS RferTelleRidayTetation of B SDFAkgioN ifldt dreédof the
procedures ‘Silicon nitride layer 4a is next forned on underlying silicon

oxi de E&M@é&%@oﬁﬁll r (flgfl%?ﬁrgﬁ) ‘P%‘gﬁﬁan@%g in 01t Qape A MISLHH QB are Vi @

- LPCVD or pro edur es ove rocess steps Is

- schemat.i cal,l SIS ha ext defined. on
SFIT SOy bt i 8 o s o ppre RO LU ENE ool K e M DR Do

~insul ator shape 20 on under] yi ng S|I|con - germani um | 2 mnth

" conposFPweq Sralairsgign inHefier AdGhe seghpmduear fé#oymer BYFONTTES ?ﬂ@egﬂ@%ﬂt&b and

underlying silicon oxide shape 3b: Definition of conposite insulator shape

20, shownlates eapator bathieyingubateri sgacems, Depositiowaiin wideprdsilicazsiss 0Y$@plererRl E

procedure perfornmed using CZFb as an etchant for silicon nitride |ayer 4a,

whi | e @nd plekagiz3fiérprosedussthra folmeé by beadtivk eemsial o tthe canipatite kraylator Simape,

" selectively termnating at the appearance of the top surface of silicon -

- ger manidsMtin@Yehn dpenitiz@n Medi$G Qyed B iﬁﬁ%hcﬁ&ceﬁﬁﬁﬂﬁa’c@; spadiils, @kposing a

portion
of the top surface of the serniconductor alloy layer located between portions of the SDE region.

A gate insulator layer is formed on the exposed portion of the semiconductor alloy layer via a
first

- portion of the spiké RTO procedure, perfbrmed at.a tempefature which does not result in
diffuéion of SDE dopants but results in the growth of the gate insulator layer, while a second
por_fion of the multiple spiké RTO procédure, perfbrr’ned at .a higher temperature results in

| éctivation of the dopanté ii both SDE and heavily doped source/drain regions. If desired an
additiona.l. high dielectric constant insulator layer can be fo_l;med on the ﬁnderlying gate insulator
layer. Deﬁosition of é conductive layé_r followed b& a planarizétion procedure results in a
conductive gate structﬁre on the undeflying gate in.'sulator layer, and lqcated in fhe opening

previously defined in _thé USG - insulator spa.cers.



 defined conpoéite i nsul ator shape 20, which will deternine the width of a

.. subsequent. conductive gate structure, is betweéen about- 20 to 130"

nanonetres. Photoresist shape 5, is now renoved via plasma oxygen ashing @
procedures, followed by formation of SDE region 6; shown schematically in
‘'Fig.” 3. This .invention can be applied to N channel, as well as to P channel

. MOSFET devi ces, however in this description the invention will ‘be applied

~ to an N channel MOSFET device. SDE region 6, is formed in an area of
~.silicon - germanium | ayer 2, not covered by conposite insul ator shape 20,

- via inplantation of arsenic or phosphorous ions at an energy between about
3 to 10 KeV, and at a dose between about 5E14 to 3E15 atons/cne. The space -
bet ween t he porti onsPREFIPESCRFTEANGF WIEIDRWINRSne t he channel |ength of
the MOSFET device. A silicon oxide layer is next deposited to a thickness
bet ween about Z00 to |500 Angstroms, via LPCVD or PECVD procedures. An

ani sot ropi dhRbbjegrand ether edvapapdsariies inventivg b3t dérine ia egireeitye et chant
for silicon oxide, is used to formsilicon oxide spacers 7, on the sides of
conposein@odiffet Wwitlofef&BiRR@o 8 attddHed divis&hBaBidigRt | y shown in Fig. 4.

| mpl antation of arsenic or phosphorous 1ons; at an energy between about 10
to 70 KeV, at a dose between about 3E15 to 7E15 atons/cnR, is next '

performed ih,.apn. arga Af gi.bi < .nani um_l.ayer not, cover ed '
conposi te F%?uragéﬁaéﬁaggkbégﬁﬁﬁﬁ“%§ﬂﬂ%§ﬁ 5?%F%§B%§%ﬁ§“ﬁqu%éﬁT?*ﬁéﬁin t he
shown {peR o SORFRY gRRRTE ibfr Suc SR Riesring Painie SUkaIES. an und
"shown i : _ 59 ; f an undoped
silica glass (USG,, boro phosphosilicate (BPSG; or phosphosilicate glass
(PSG , P¥°§°‘?s’rk5‘}eta“€| @%36@!"( epndpgive palppiraetuPETiaompd oe tgwndelyinggate intilatkness

. between about 600 to 4000 Angstrons. For this description the USG option

“wi 1l béyeswighoupthgnias PYRIE mncedfiredi el ectri ¢ layer 9, is next acconplished via
chem cal : ' ,

Fig. 9, which graphically illustrates the thermal profile for the multiple spike RTO

- procedure used to form the gate insulator layer used in this present invention.

DESCRIPTION OF THE PREFERRED EN[BODIMENTS

The. method of f.abrircating a MOSFET c.ievic.e. featuring a gate insulator layer formed via a
| multiple spike RTO procedure, and featuring definition of an overlying conductive gate structure
formed ﬂ\.ritho_u_t the use .of RIE procedures to prevent plasma induced damage of ihe gaté
insulglto.f Iéyer, will now be described in de.ta.il. '. Semicondﬁctbr substrate 1, comprised of P type

single cr'ystailine silicon, featuring a <100> crystallographic orientation, is used and
- schematically : e . . .

shown in Fig. 1. A su_bsequent gate insulator can either be formed on the top surface of :
semiconductor substrate 1, or if desired to enhance MOSFET performance via increased carrier

- mobility in the channel region, the subsequent gate insulator layer can be formed on a silicon
layer . = | B IR ' ' :



“mechani cal polishing (CMP) procedures, resulting in a smooth top surface
for dielectric |ayer 9, and exposing.the top surface of conpesite insulator

shape 20. The result .of these procedures is schematical ly illustrated using
Fig. 6. Selective renoval of conposite insulator shape 20, is next :
‘addressed with.the result of the procedure illustrated in Fig. 7: Silicon

nitride shape 4b, is selectively renoved via wet etch procedures using a _
hot phosphoric acid solution as an etchant, or silicon nitride shape can be
-renoved via a R E procedure using CzFs as a selective etchant. Silicon

- oxi de shagg ad 3qj S sqiective%é%ﬁennved via an ani-sotropi c R E procedure
“usi ng CHEIEA seueondustaraliay such assilicon o gerapanivay favery prean befermedioadt i ve and
ani sotropj c.etching procedures_do not etch silicon oxide spacers 7, thus
resul t PHBICPRAUCIOE alyf layar spehpsarsilisge nigprgnandun kyera Far thisdesqripionttie t he wi dth of
the renoved conposite insulator shape 20. A portion of the top surface of

- sil i comemicomiuemn pilop layey epti@ wilkbenoed.eSiliosedgeainatibm (et Lostiafefopeni ng 10.

The cr epitaxadllypr ocedure of forming gate insulator layer 11, on the portion
.of silicon germanium | ayer 2, exposed at the bottom of opening 10, is next
- descri paskn (6 tAiRieds eaw_eém,bum.xmfam;&oma&@%%waﬁ@ﬁaﬂp?&ﬁeeﬁ}eg? waLch will
change the desired, designed channel length, a nultiple spike 6 pr ocedur e
enpl oy O L AL ML Z 6. ; ' edure is.performed in
T oo) g Vabr B G S ARETEY Rg Shareh: AR L4 RECFENN: RGBT ™St ep
conprised of nmultiple cycles, with each cycle canped from 600 to 850 C _
with eacg c¥%ée pe f or med f%r a ., tine befween about 1 - 50 sec; and at a
pr essulEFECRRYR® & U 1hg et PEFNt ohgsrmaning 18 sHigpR r semanivm leerf i r st
step d@signéd toresult in an initial thickness of gate insulator 11,
between about. 3 to 10 Angstrons. The nunber of cycles used, and the
condi t Woish, williipueneeilrp earaieumebititydn tredOSFET daviee clrmselegion,r, éshetwednn an
i ni ti akbauhi ckness |ess than the desired final thickness. Gate insul ator
| ayer ‘11, can be conprised of silicon oxide, silicon oxynitride or silicon
ni tridejo 84.t IBititun dxeddhyen BS, tb BE asdded aghd bride 1436y, BHEkESHAOITY if&H Of ei ther
oxygen, NO or NzO or a mxture of the reactants. A second step of the

nulti pFﬁm%ﬁijul‘r?la%F@_, B &ﬁﬁ:ﬁh@s@be&%ﬁg?l%gt 31 mtfﬁlﬁrs%&n%&%aﬂ&ﬁ)rés@uﬂ?m region 6 |

as well as in heavily doped source/drain regio to I nprove the

qual ity of. ins. r 11: is perfor via a cycle.ranped froma
t enper g}%%;l(éaqga O\Xedgﬁ&gg%gppggﬁt% V&Haﬁ%ﬂ&aﬁceﬁﬁfwfatvﬁp%‘y‘%g?%% about 950
to 115 is cycle is perfaorned . for a_tinme between about 50 to 1000
Coml s&@&‘é‘iﬂ’%‘fad}a’lfeﬁr Lesired. b fletidelByiisa ganalsq be otdnedyiathermal desi r ed
~anbient, resulting in gate insulator layer 11, at a final thickness between
about 8Xifigionprogegures. opiliconmuigridedayen s tsmewt fogaedeon wsletlging silicay@ridd hyeri s
schema®dcal |y shown in Fig. 8, while Fig. 9, graphically illustrates the
thermal profile for the multiple spike RTO procedure. Although the anbi ent
used f atra thivkn®t baweaf algat 800 mszuommgsﬁoms@ﬁaI,Pcwya@mgﬁ&%dm@é. Bid her Cz,
N20, or NO, -the | ow tenperatures and short tines enployed during the
nul ti phegulS B the aldNE pREREAEN & schéinAfdil kntif F'ié?g. capping of SDE and heavily
doped 'source/drain regions by dielectric layer” 9, prevented oxygen enhanced
di ffusion of dopants in the capped regions fromoccurring. |If desired, gate
~insul ator A can.be s a.buffer. or ynderlying |layer for an
overlyi ng kﬁéﬁ%ﬁﬁﬁ%@%ggf%m%%ﬁéﬂﬁﬁPnFﬁygﬂ?E@%ﬂﬁﬁa %Fweiﬁﬁyngeéﬁnﬁﬁkg’would-
- be acc&g&%ished.vLa ?epo ition of high dielectric constant |ayer 14, via -
‘CVD pr &P@ggsrr[ednsg atgpishanseds qlbg_lgc{ﬁg§wgglllcon - germanium layer 2, with composite

" insulator shape 20, comprised of silicon nitride shape 4b, and underlying silicon oxide shape 3b.

Definition of composite insulator .shap'é 20, shown schematically in Flg 2, is accomplished via
Can _ :

anisotropic RIE procedure performed using C;Fs as an ctchant for silicon nitride layer 4a, while



~about S to 30 Angstrons. This is schematically shown in Fig. 10. Formation.
of conductive gate structure 15, in opening 10, is next addressed and
schematically described using Fig. 11. A conductive |layer such as doped
polysilicon, polysilicon germanium or netal, is deposited to a thickness
bet ween about 500 to 2500 "Angstrons, conpletely filling opening 10. The
doped pol ysilicon layer is deposited via chem cal vapor deposition (CVD)

© procedures, doped.in-situ during deposition via the addition of arsine,

- phosphine, or diborane to a silane or disilane anbient, while the

pol ysi |1 -.geanani-um ] ayer tion s also qbtained via CVD procedures .

usi ng Sff%ﬁ)ez 19 pegias pr 8‘}9{%”%(12“&8%8? ¥idp ?aéfaﬁas Bfﬁ?céIé’?lY\R?ﬂW‘@“&%F‘WEﬁépﬁeéfai}%f‘ed as

- the gernmani um source. The content of germaniumin the polysilicon germani um
| ayer, SbEERRHIERES0k silirong gslsnwr@werpgrlélamdtwﬁnho@w@t shape Stand VOSFET wor k

function and thus directly influence threshold voltage. The polysilicon -

ger manidetmddapmposits insudasorhpre(, mehidhtwilldigtermipe dieposlitt ofarsubgpem gomfuctie

. polysilicon |layer cam al so be acconplished via well established _

- phot ol ightecguameyis detiveen AbdutRD 8l W daBBmE@Ghni ques. The netal |ayer option

can acconplished using a conductive material such as copper, alum num or

t ungst en, obtai ned via physical vapor deposition procedures. A chenical

mechani cal ks hi r e | e \

PRAMotR L Qﬁp§ ENEhoR SRV ]#1%5831 aégg%?ﬂfe%%

t he conductive layer ' fromthe top sur tric layer sul ting

in the_ defi.nitj of .conductiv ate . stryucture 15, in opening.l

- great e'sf%ﬁ]lah%%f)i ﬁ%éegl%n @ﬁgo‘&%ﬁ%ﬁ%ﬁl%yéq Pl@oﬂdﬁ@f Fyanan @nde laglﬁlfegrt%gl&

- without the use of plasma dry etching procedures. |f plasm dry etching

~ pr ocedGhaaclas Ee'ﬁésefa Pffi\ﬂmm QiR hiigvicss howererria this deseripfiandhe invertionvell 15,

exposure of gate insulator |layer 11 to these procedures may have resulted
in pl abﬁﬁpﬁlwg@@@uNd‘éﬁfﬁ@bWS edeyize e SDEgragian 61 is feryred jin atharsa of eat i ng a
| eaky, non-reliable gate insulator |ayer.' Wil e this invention has been
parti cuilaoh ygesmamnmaaybr desa chbeel by ddmposfiehenlaer fape O &iPmglandiRd of

'-_enbodinents thereof, it will be understood by those skilled in the art that

- vari ousrsetia 0goshiRorb@ iBhAd dn eRdray bstwBBYabRE: TRIR) AV haut: JdeRabtiweg, from the
spirit and scope of this invention.
about 5E14 to 3E15 atoms/cm”. The space between the portions of SDE region 6, will

determine the channel length of the MOSFET device.

A silicon oxide layer is next depositéd to a thickness betw.een about 200
10 1500 Angstroms, via LPCVD or PECVD procedures. An anisotrpp.ic'.RIE procedure,
perforﬁed us'ing CHF3/0; as a selective etchant for silicon oxide, is usé_d to form silicon oxide
spacers 7, on the sides of composite insulator shape 20. This is schematically shown in Fig. 4.
ﬁnplantation bf arse-ni.c.: or phosphorous ions, at an eriefgy between about 10 to 70 KeV, at a dose
~ between abqut 3E15 to 7E15 atoms/cmz,_.i's next performed in an area -o'f s:_ilicoh - ger'maniuﬁl_
layer 2, not qovered by composite insulatpr shape 20, and by insulator spacers 7, resulting in the

formation of heavily doped source/drain region 8. This is schematically shown in Fig. 5

Dielectric layer 9, comprised of a layer such as an undoped sﬂica glass (USG), boro-

HlodeBurkEFRNERR! | ons of




‘Wiat is claimed is: 1. A nethod of fabricating a metal oxide sem conductor
- field effect transistor (MOXSFET) device, on a sem conductor -substrate,
' COnprising the steps of: forming a conposite insulator shape on a portion
of a top surface of said sem conductor substrate; 5 formng a source/drain
extension (SDE) region in an area of said sem conductor substrate not
" covered by sai d conposite insulator shape;, formng insulator spacers on
. sides of . ‘said conp05|te i nsul at or-.shape; -formng.a heavily doped _
source/drain region in an area of said senm conduct or substrate not covered

b d osite | at or shape or by said insulator spacers; |'0 formng
'raypfglnaPﬁ?S%HEG @![ @@Sﬁf@qpﬁg@,ho% Cﬁ%%lﬁﬁsdﬁg(}bﬁsWéewélﬁﬁddﬁﬁhﬁey&orsubst rate

not covered by said conposite insulator shape or by said insul ator spacers;
r erovi RECYAR proessieprsstotaghickmash betweersdtmpesi0se 40 Aggstoman Fopehid degeriptipasi ng a
portion of a top surface of said sem conductor substrate; formng a gate

i nsul atherUS @yptiorowilisai wleOPlunapizatidn slalielet@eTiapT] UGieRf acoorplishad ¢ial5 exposed
in sai dheapiesli ng; and form ng a conductive gate structure in said opening,
overlying said gate insulator layer. 2: The method of claiml, wherein

' I, .al | ayer:
| .:s)’al ?’hZ%r;el?%gdegé&gmg:é%m %&cﬁgérhgfsgyfgllhgé gleyn\dgﬁlcébr@t@t or su }v'@%@ m% 1Asy%%;?/’erl ai d

\é\’: f |h aaﬁ@&p%ﬁﬂg 'th(ett% sﬂ'}'acg $f do 031te m arltlms shape 50 SJL“heI r%s?uri't of tl%?stra g}ic)rde urlres 1\:4\1I -t h the

" schematically tlustrated using Fig. 6.

| Selective removal of .coulposite insulator shape 20, is next addressed with the result of the
proeedure illustrated in Fig. 7. Silicon nitride shape 4b, i_s.selectively removed uia wet etch
proce_dures usiug ahot phosphoric acid solutiou as an etchant, or silicou nitride shape can be
' : removed via a RIE procedure using CF asa selective etchaut. Silicon oxide shape pad 3b, is
- selectively removed via an anisotropic RIE procedure using CHF3/O; as a selecfive etchant for
3 silicon oxide. The selective and anisotropic etching procedures do not etch silicon oxide
~spacers 7, thus resulting in the definition of opening 10, ata width equal to the width of the
removed cox'hposi.te ineulator shape 20. .A portion of the tdp surface of silicon - germanium

layer 2, is now exposed at the bottom of opening 10.

The critical procedure of formmg gate insulator layer 11, en the portlon of sﬂlcon -
germanlum léyef 2, exposed at the bottom of opemng 10, is next descrlbed To avoid movement
- of dopants located in SDE regxon 6, Wthh W111 change the des1red de51gned channel length, a |
multiple spike RTO proeedure employed to minimize thermal budget is used The procedure is
| performed. in a tool used for rap1d thermal processing procedures featuring a first step comprised

“of multip_le cycles, with each _cjfele ramped from 600 to 85 0° C, with each cyele performed fora



. germanium | ayer at a thickness between about 0:01 to 4 mcroneters, and
~with a weight -percent of germani um between about 5.to 35. 5 4. The nethod
of claim 1, wherein said conposite insulator shapeis conprised of an
underlying silicon oxide. shape at a t hi ckness between about 30 to 200
Angstrons, and of ‘an overlying silicon nitride shape at a thickness between
~about 500 to 2500 Angstrons. 5. The nethod of claiml,.wherein the width of

;-_said conposite insul ator shape is 10 between about 20 to - 130 nanonetres. 6.

- The nethod of ‘claim1, wherein said source/drain extension (SDE) region is.
- fornmed . via inplantation of arsenic or phosphorous ions, at an energy

bet Weer‘im'éf’gjc?m’ng agﬁutllO' 56<: 25l abp preswrafetvwireasbal OR1 8294 tarp vatathe at oms/ cne.
7. The nethod of claim1, wherein said i nsul ator spacers are conprised of
si |'i coforsiiens of shedffrsizplaptlesignedsto rbrudtie eminitind iickzes df@att500labngdt bawsen 8. The
met hod of claiml, wherein said heavily doped source/drain region is formed

via i mpbandoildhngétrams Ehé sumberpliogidiased)and tRonditioRNiNBAEGYRRIWRAN about
10 to 70 KeV, at a dose between about 3E15 to 7E15 atons/cn2. 9. The nethod

- of ¢l aipsdure, WietHekeh ©absdih a0 Mitid afcidie 18GkEnGhE 80GEd FifalaficMdoRee silica
gl'ass (USG | ayer, obtained via LPCVD or PECVD procedures to a thickness

- bet weensalieiia/3PP1, i 8000 ARGIbF Hfifn SARNSHLARIhASEL o AicSREMiSE i
mechaniggal pollshlng.proc ures. . - _ _

reactants injected during the cycles comprised of either oxygen, NO or N>O, or .a mixture of the
reactants. A second step of .the multiple spike RTO procedure, used to activate the dépants in

- SDE regiéﬁ 6, as well as in héafily doped source/drain région 8; an.d to impfbve the quélity of

 gate insﬁlator layer 1 1,is perforrﬁed via a cycle ramped from a temperature between about 600 to
850° C, to é temperature between about 950 to 1150° C. This cycle is performed for a time
between about 50 to 1000 milliseconds, at a pressure between about 0.01 to 200 torr, in a desired
ambient, resulting in gaté insulator layer 11, at a final thickness between about 8 to 15
Angstroms. -
The formation of gate insulator layer 11, is schematically shown in Fig. 8, while Fig. 9,

- graphically illuétrates the thermal profile for the multiple spike RTO procedure. Although the

" ambient used for formation of gate insulator_ layer 11, was comprised of either O;, N,O, or NO,

the_ low temperatures and sﬁort times employed .du.ring the mulﬁple spike RT__O procedure, in
addition to the cé.pi)ing’of SDE and heavily doped _sourcefdljain regions by_= dielectric layer 9,

prevented oxygen enhanced diffﬁsion of dopaﬁts in the capped regions from occurring. -

If desired, gate insulator layer 11 can be used as‘a buffer, or underlying layer for an
overlying high dielectric constant layer, such as HfO, or ZrO». This would be accomplished via

deposition of high dielectric constant layer 14, via CVD procedures, to a thickness between



_definition via a.chem cal necha

5.10. The nethod of claiml, wherein said conposite insulator shape is
renpoved via a selective wet etch of an overlying silicon nitride shape
~using a hot phosphoric acid-solution, and via an anisotropic 121 E procedure
performed using CF3F3/ Oz as an etchant for an underlying silicon oxide
shape. 11. The method of claim 1, wherein said gate insulator layer is
conprised of either 10 silicon oxide; silicon oxynitride, or silicon
nitride, at a thickness between about 3 to 10 Angstroms. 12. The net hod of

claim gh N .Sal e insul at.or, layer.is. optained via a nultiple spike
rapid;%ﬁ%&%ﬁ?399?%%??%%a@ﬁﬁﬁfaﬁF%ﬁgﬂhFﬁgWﬁalﬁ%i g a first step conprised of
nul-tiple cycles, each perforned in an anbient conprised with either Oz, NO
and NZO, or. in a mxture of Oz, NO or N20, w th each cycle performed at a
 tenper at ur & °HBRHMBST condysiva cagtruchraby incppeping 19, isinest asdtostsdandbout 1 to 50

~ sec, and with each cycle performed at a pressure between about 0.01 to 200
t or n anehematicallyidesrribed usingmBigs 1 bpA pendustiveldyérnuch sbabpedpblasitiioanpolysilicoa
tenperature between about 950-to 1 150 C, for a tinme between about 50 to
1000 mllisecond, at a pressure between about 0.0l to 200 torn 10 13. The

- et hod gefmagkui, Br hietall16 BQioRitdH b @ (RERHIEhdNEerOBbE: SHOHY 9:5(9{1 EngshofQNPrised of a

- conductive material such as doped polysilicon, polysilicon - gernmanium or

met al ; C%Bie&ﬁdﬁﬂihéog&@x%si ¢ i8R dah?c%: ;gtflysgl(?s{&gg%fe} K%ebBNEh V{a%hélﬁ}@?ﬁ\fagﬁ‘ met hod of.

ol'i ng procedure.

formn i te structure.on ap underlyin ate i.nsul ator | ayer
for a %@Eﬁ%ﬂggwé é?ocg%% ?gl?ﬁﬁ i dwng dep 85’“florbY%\t}?egﬁﬂ6‘°8 of@si%onduct or
substrate; . formng a seni%onductpr all oy layer on said sem conductor
 subst r 3pesphigecey rdg?g‘i’i?yeé? as)ane o di mpdenty veiiler the polysilieprseaermammendayer  al | oy
" layer ; P& Aljo Qbined i VP trecgduesysing Biane oy disitang peopolysilichs sonue, valyitsr ;
~formng a conposite insulator shape on a portion of a top surface of said
seni cogdeneis uskd aythe ggreranioni sdureaiTie conpdsif germianim atthe pabdip@nconpri sed of
a silicon nitride shape and an underlying silicon oxide shape; 10 form ng a
sour cekeltrainfuneyanisiteten 50 5 a3 wightbeaBntdvERddrmil #He SROSIFONRY&L or al | oy
| ayer not covered by said conposite insulator shape; ' '
function and thus directly influence threshold voltage. The polysilicon - germanium layer is also -
doped in-situ during deposition. Doping of the polysilicon layer cam also be accomplished via

well established photolithography and ion implantation techniques. The metal layer option can
be '

accor_nplished using a conductive rhaterial such as copper, aluminum, or tungsten, obtained via
physical vapor deposition proce_dqres. A chemical mechanical poli_shiné {CMP) pr.ocedure is next
| employéd to remove portions of the conductive layer from the‘ top surface of dielectrié layer 9, |
.resulting in the definition of conductive gate structure 15, in opening 10. Of greatest importance
is the definition of conductive géfe stru.(_:u.xre. 15, without the use of plasfna dry etching
: .proce_:c-h.lres..' If plasrﬁa dry etching prﬁ_éedures were used for fhé deﬁnition of conductive gate
structure 15, exposure of gate insulatof lafer I.I: to these proce.durés may have resulted in piasmé

induced damage of the gate insulator layer, thus creating a leaky, non-reliable gaté' insulator
layer.- : S " .

10



form ng silicon oxide spacers on sides of said conposite insulator shape;
form ng a heavily doped source/drain region in an area of said _
sem conductor al loy Tayer not covered by said conposite insulator shape or .
by said silicon oxide 15 spacers; .fornm ng a planarized dielectric |layer on
‘portions of said sem-conductor alloy |ayer not covered by said conposite

“insul ator shape or by said silicon oxide spacers; renoving said conposite -

-insulator shape resulting in an opening in said planarized dielectric |ayer
and in saig,silji.con oxide acers pesSi N okt i,0n.,0f - ¢ rface of :
20 - sard Suledtit AR G PR PG SR OISR R e R B oG &
~.thermal oxidation (RTQ procedure to for ate insulator |layer on the

“por t i obrelrred gmodigienis ﬂgi%ﬁggp?Wyhﬁﬁygﬁbgwgﬁégﬁﬁgﬁl QW@ﬂﬁb&%FW@;

form ng a conductive |ayer conpletely filling said opening; and perform ng
a chenthragesin &ranindadetapls mag b mpd¢ Sbpyutsiepatog fremtbeepititagd serreiodfiivf  sai d
conductive. layer fromthe top surface of said planarized dielectric |ayer,
resul t fnvention. 5 defini tion of said conductive gate structure on said gate
i nsul ator layer, in said opening. 15. The nethod of claim 14, wherein said

“semiconductor alloy layer is a silicon germaniumlayer, obtained at a

't hi ckness between about 0.10 to 4 m croneters via chem cal vapor deposition
- procedures, conprised with a germani um weight percent 10 between about 5 to
- 35. 16. The nethod of claim 14, wherein said silicon oxide pad |ayer is
‘obt ai ned at a thickness between about 30 to 200 Angstrons, via LPCVD or
PECVD procedures. 17." The nethod of claim 14, wherein said silicon nitride
layer is obtained at. a thickness between about 500 to 2500 Angstrons, via
LPCVD or PECVD procedures. i 15 18. The nethod of claim 14, wherein said

conposite insulator shape is defined via an anisotropic RIE procedure using  o

'CZF6 as -an etchant for said silicon nitride layer, and using CHF3/QZ as an
etchant for said silicon oxide pad |ayer. :

11



19 The nethod of - cl ai m 14, wherein the width of said conposite insulator
shape is between about 20 to 130 nanonetres. 20. The nmethod of claim 14, .
wherein said silicon oxide spacers are forned at a thickness between about
~200 to 1500 Angstronms. 21. The nethod of claim 14, wherein said planarized
. dielectric layer is an undoped silica glass (LTSG l-ayer, obtained via

- LPCVD or PECVD procedures to a thickness 5 between about 600 to 4000
Angstrons, . then planarized via a chem cal nechanical ‘polishing procedure.
22. Th m%.t hi of .claim 14, wherein said conposite insulator shape is
r emoved’ WA 5 0& 5ctive wet etch of an overlying silicon nitride shape
using a hot phosphoric acid solution, and via an anisotropic RIE procedure
performed usi ng.CHFS/ QZ as an etchant 10 for an underlying silicon oxide
shape. 23. THeArettheshofdrbricatingi matal okide sdnricarluctoyfield effogttantigor | ayer s
conprised of either silicon oxide, silicon oxynitride, or silicon nitride,
at a thi cknegSIOsFRER deviad) ont s@nicondiRtoAsgistraeeompding thestegatdfod of cl aim 14,
wherein said gate insulator layer is obtained via said nultiple spike rapid
ther mal -oxi dat ifghifdd QmpsRs adukRr bRRk h apertRnldrh $8p SiGR caaRr i sed of -
mul tiple cycles, each perforned in an-anbient conprised with either Oz, NO
and N20; or 'isél-gﬁoﬁﬂdé{o% fheOZ, NO, or NZO, with each cycle perforned at. a
tenperature 5 between about 600 to 850 C, for a tinme between about | to 50
~sec, agd-with each c C(!eﬁﬁ rfor ped OE pressure bet-c\?/}ee.ra about 0.01 to 200
ton, and featuring = $8L% algteéggfig? BPT AN HSpidsppioanductort 4
"tenperature between about 950 to 1150 C, for a tinme between about 50 to
1000 mi | | i seEWHate ngt coyesd oy seid compesiisapsuiabsshans: 01 to 200 torn 10 25. The .
met hod of -claim 14, wherein said conductive |ayer is conprised of either
doped pol ysi | i éamingiwbylsior speeers oy sideraefi said compositstindulator shape; '

AT CACPHCACT AT AT AT AT AS(L AT AR AT AT AT AR AT AT CAINY
.] 045 - forming a heavily doped source/drain region in an area.of said semiconductor '

substrate not covered by said composite insulator shape or by said insulator spacers;
10 forming a planarized dielectric layer on portions of said semiconductor substrate not
covered by said composite insulator shape or by said insulator spacers;

removing said composite insulator shape resulting in an opening exposing a portion
- of a top surface of said semiconductor substrate; :

_ fo_rming a gate insulator layer on said portion of said semiconductor substrate
15 - ~exposed in said opening; and
| forming a conductive gate structure in said opening, overlying said gate insulator

layer.

~ 2. The method of claim 1, wherein said semiconductor substrate is overlaid with a

semiconductor alloy layér. _

3. The method of claim I, wherein said semi_conductof substrate is overlaid witha - |

semjconductor alloy layer comprised of silicon - germanium, with the silicon -

12
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5. The method of clalm 1, wherein the Wldth of sald composite insulator shape is
- 10 | between_ about 20 to 13_0 nanometres,
~ 6. The method of claim 1, wherein said source/drain extension (SDE) region is formed
~via implantation of arsenic or phosphorous ions, at an energy between about 3 to

10 KeV, at a dose between about 5E14 to 3E15 atoms/cm?.

7. The method of claim 1, wherein said insulator spacers are comprised-of silicon oxide

15 ata thickness between about 200 to 1500 A’ngstroms_.

- 8. The method of claim 1, wherein said heavily doped source/drain region is formed via
implantation of arsenic or phosphorous ions, at an energy between about 10 to

- T0KeV, at a dose between about 3E15 to 7E15 atoms/cﬁlz.

9. The method of claim 1, wherein sald planarlzed dlelectrlc layer is an undoped silica
glass (U SG) Iayer obtamed via LPCVD or PECVD procedures toa thlckness between
about 600 to 4000 Angstroms then planarlzed via chem1cal mechanlcal pohshmg

procedures. o
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. for an underlying silicon oxide shape.
11. The method of claim 1, wherein said gate insulator layer is comprised of either -
10 silicon oxide, silicon oxynitride, or silicon nitride, at a thickness between about 3 to

.1_0 Angstroms.

12. The ?néthod_ of claim 1, wherein said gate insulator layer is obtained vi'é a multiple
spike rapid thermal oxidatioﬁ (RTO) procedure featuriﬁg a first step compris_ed of

' _m_ultipie cycles, each perfofméd in an ambient comprised with either Q,, NO, aﬁd N»O,

_ 6r_ in a mixture of O, NO, or N,O, with each cycle perforrﬁed at a temperature between

5 about 600 to 850° C, for a time between about 1 to 50 sec, and with each cycle |

| performed at a ﬁressﬁre between about 0.01 to 200 torr, and featurihg a second step

' pérform_eci in a desired ambient, at a temperature between about 950 to 115 Q“ C,fora
"tir_n_e 'bgtween about 50 to 1. 600 mil_lisecond, ata pressﬁré .between about 0.01 |

10 200 torr.

- 10" 13. The method of claim 1, wherein said condﬁctiv_e gate structure is comprised of a
conductivé material such_ as doped polysilicon, polysilicon - germanium, or metal,
- defined via deposmon of the conductive layer followed by deﬁmtxon via a-chemical

- rnechamcal pohshmg procedure o
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layer for a MOSFET device, cornpnsmg the steps of:

prov1d1ng a semiconductor substrate; :

forming a semiconductor alloy layer on said semiconductor substrate;
5 . forming a silicon oxide pad layer on said semiconductor alloy layer;

fo'rming a 'silicon nitride layer on said silicon oiide pad Iayer;
forming a composite insulattor shape on Et pqrtion of a top surface of said
- semiconductor aHoy layer, with said cornpositg insulator shape comprised of a silicon
nitridé shape and an ﬁﬁderlying silicon oxide shape;
- 10 | forming a sourcé/drain extension (SDE) region in an area of said senticonductor
alloy layer not covered by said composite insulator shape;
forming silicon oxide spacers otl stdes of said composite insulator shape;
forming a heavily doped sou_rce/drain region in an area of said semiconductor
alloy layer not covered by said composite insulator shatpe or by said silicon oxide
15 ~ spacers; |
forming a planériied dielectric layer on portions of said semiconductor alloy layer
.not covered by said composite insulatqr ShEllp.f.B or by said silicon oxide spacers;
removing said. com.po.si.tc.a. insulator éhape résulting in an opening in said planarized
dielectric layer and in said silicon oxide s_pé.cgers, ex;tt)sing a portion of a top surface of

20 ~ said semiconductor alloy layer;

performing a multiple spike rapid thermal oxidation (RTO) procedure to form a gate

insulator layer on the portion of said semiconductor alloy layer exposed in said opening;

15



1077! @. 109/ 7& ()-5WXj XYYYYZ~pNO - D. 109! HY. 10%H&' ()-A 10 10
101°@. . 1098 ()-A +. .10%W & ()-A +. .109%& ()- AZ8Z[ [ g\]] T"zX6NO ! ( o
Y. 109 ()-Aly Y. 109%ZZ& ()-A Y. 10%& ()-A" Y. 10%& ()-A f Y. 10% yf & ()-A 7
Y. 109K& () - AT~ “apO. fg K 10%X& ()-A K 10%& ()-A HK 10%& ()-A 10$$
0 10$$ 10$$! Y. 1098$& () - Al ng Y. 10%TnT& () - Aaxbbpcd{ ddw4pO. f : .

K 109%& ()-Al @ 109 ()-Al K 10%, & ()-AlPo o
K 1098: B: & () -Al @. 10%& ()-Al, @ 109%& ()-AdLeMeNeCef 1ggoM f-

K. 109! @. 10967& ()- Al | Q@Y. 10% E| E& ()-Al _Y(Y.10% & ()-A 10tt 10tt

10tt! @. 10% tf%g%éAgNJu' LkxoM f K 109@! @. 1098°& ()-Al| Q@ @. 109%& ()-A
Y. 10% & () - ANTHDS & .V@?YR‘SWR ey iGReeaid opqninggpRty 13] c” " Headi ng 23] ¢
"Headi ng 33]c" "Headi ng 43]c" "Heading 53]c" "Heading 63]c" " He_adl ng 73]c
"Headi ng 83] @erformpingip plipntigdlanesharnixa aolishingz CAGapdreonrétaving portion of

+' K. 5] =DFKPW Nb! hl nprtvxz| ~Y@ k560S#H( +80{ 5E?* DI JIMPRWZT adg! k789: ;

<=>7? @G\BCDEFGHid siriihMertmer fiom tRomarsdrfae| obeaid iptihafied diel&06d layer, resulting in

Ent ryWor dDocunent ! "#$9%&R' () *+,-./ 0}23456789_: ; _

<=>7? GABSDEF Gilb it BNCFPQRETOIN S [ohte Stru e GGl date! iFRPRGH 15§ i3 bbdrng.

15. The method of claim 14, wherein said semiconductor alloy layer is a silicon -
germanium layer, obtained at a thickness between about 0.10 to 4 micrometers via
chemiéal vapor deposition proc'edﬁres,-comprised with a germanium weight percent

10 between about 5-to 35.

- ~16. The method of claim 14, wherein said silicon oxide pad' layer is obtained at a

thickness between about 30 to 200 Angstroms, via LPCVD or PECVD procedurés.

17. The method of claim 14, wherein said silicon nitride layer is obtained at é thickness

between about 500 to 2500 Angstroms, via LPCVD or PECVD procedures.

15 18. The method of claim 14, wherein said composite inéulator shape is defined via an
axl_isotropic RIE procedure using C,Fs as an etchant for said.'silicon. nitride layer, and
. _usi:ng-'cHFy.Oz. as an etchant for s_aid_ silicon oxide pad layé_lf_._ | |
19 The method of claim 14, whereiﬁ the width of said c_omp_oéite insulator shape 1s
between abouf 20to 130 nanoﬁetrés. o - |
20. The method of claim 14, wher_ein said silicon -'oxi_de spacers are formed at a

thickness between about 200 to 1500 'Angsfrom_s.

21 T'he method of claim 14, _wherein said planarized dielectric layer is an undoped
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silica _g_lass (USG) layer, obtained via LPCVD or P_ECVD prdcedures to a thickness
between about 600 to 4000 Angstroms, fhen planarized via a chemical mechanical

polishing procedure.

22. The method of claim 14, wherein said composite insulator shape is removed via a

selective wet etch of an overlying silicon nitride shape using a hot phosphoric acid

 solution, and via an anisotropic RIE procedure performed using CHF3/0; as an etchant

for an underlying silicon oxide shape.

23. The method of claim 14, wherein said gate insulator layer is comprised of either -

silicon oxide, silicon oxynitride, or silicon nitride, at a thickness between about 3 to

10 Angstroms.

24. The method of claim 14, wherein said gate insulator layer is obtained via said

‘multiple spi.ke rapid thermal oxidation (RTO) procedure featuring a first step comprised

of multiple cyc'les, each performed in an ambient comprised with either O,, NO, and

. N20, or in a mixture of Oy, NO, or N,O, with each cycle performed at a temperature
. between about _600 to 850° C, for a time between ab_out 1 to 50 sec, and with each cycle

pefformed at a pressure between about 0.01 to 200 torr, and featuring a second step
performed in a desired ambient, at a temperaﬁ_lre between about 950 to 1150° C, fora

time between about 50 to 1000 miilisecc_ﬁnd_s, ata pr'ess_ure between about 0.01

10 200 torr.. -

25. The method of claim 14, wherein said conductive layer is comprised of either doped

polysilicon, 'p_olysi'licor'l - germanium, or metal.
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