METHOD 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 nmethods used to fabricate sem conduct or
devices, and nore specifically to a nethod of fabricating a netal oxide
sem conductor field effect transistor (MOSFET) device, using a replacenent
gate dielectric layer and featuring spike rapid thermal oxidation
procedures to preserve ultra-shallow junctions. (2) Description of Prior
Art M cro-nm nM@ETNHG2 atf ABRIFATING aAOBFYT D Vil@BrisiNGeAsem conduct or
devices with sub-mcron features needed to increase device performance and

to reduce processpig: RAPUS THIASVRESNKIDA TN PROCEPURE shed vi a advancenents
in specific fabrication disciplines such as photolithography 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 um features

to be routinely define%i [ k In addition the devel opnent
of nore advanced dry e éﬁﬂ%@ﬁﬁ%ﬁﬁgagﬁgﬁaI@%E@i%@“have al l owed the sub -
0.13 urn features in masking photoresist shapes to be successfully
transferred to wunderlying materials, such as the insulator, netal, and
sem conduct or | ayers, used for formation of sem conductor devices. However
i n add{1)iFged boxhe frevestion nki ng features used for sub - 0.13 urn | devices,
t he thickness of specific materials or elenents of the sub - 0.25 um device
al so have to
The present invention relates to methods used to fabricate semiconductor devices, and
more specifically to a method of fabricating a metal oxide semiconductor field effect transistor
(MOSFET) device, using a replacement gate dielectric layer and featuring spike rapid thermal

oxidation procedures to preserve ultra-shallow junctions.

(2) Description of Prior Art

Micro-miniaturization, or the ability to fabricate semiconductor devices with sub-micron
features needed to increase device performance and to reduce processing costs, has been in part
accomplished via advancements in specific fabrication disciplines such as photolithography and
dry etching. The use of more sophisticated exposure tools as well as the use of more sensitive
photoresist materials have allowed sub - 0.13 um features to be routinely defined in photoresist
layers. In addition the development of more advanced dry etching tools and processes have
allowed the sub - 0.13 um features in masking photoresist shapes to be successfully transferred to

underlying materials, such as the insulator, metal, and semiconductor layers, used for formation
of

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




be reduced. One such MOSFET el ement needed to be reduced in thickness to
provi de performance benefits is the gate dielectric |ayer, however the use
of the thinner gate dielectric layers highlight specific areas of concern
not as critical with the use of thicker gate dielectric layers. First,

pl asma i nduced danmage of the gate dielectric layer, incurred during a

pl asma dry etching procedure used to define an overlying conductive gate
structure, can result in deleterious charge generation in the underlying
gat e dietiesthe thitlayperaf spevifaddateiidnot dededs afttha guit -He2 gat dedicehlee haedo
breakdgywn strength. Secondly, when a gate dielectric |layer such as silicon
dioxide is forned on an underlying sem conductor alloy |ayer such as

Si | T cOR. e GETRMLUMREIIEIURNE nblaglh J RIRSERN W BiROSES BloRtlc pRFIGRMLY es can
result 1 n unwanted segregation of germaniumat the silicon dioxide/silicon
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on an underlying_.gate dielectric layer, is not defjned.vja plas dry
ot chi nEPeSHSCRTIPESONRTNICER ST HEE e HdLErs aaﬁﬂ{}é]%‘g“fplaé{@ﬁa?ifﬁg uced
damagepbfmahe gate dielectric layer. In addition this invention will
descri be procedures used for the formation of the gate dielectric |ayer
whi ch aldsoedutanigd ef thegatadtidlacaid loyer ahcutpdalnting i plaane dedychieg pregedure used
ultra-shallow source/drain regions, thus elimnating the use of higher
t enper &t gerRicdepaatyidCidndadtive Rate Brated @ sesuitia déibagonl dhawk gendriipnus eheof
silicon - germaniumunderlying the gate dielectric layer wth decreased
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Lee et S%gdndly[] when a gate dielectric layer such as silicon dioxide is formed on an underlying

semiconductor alloy layer such as silicon - germanium, subsequent high temperature processing
procedures can result in unwanted segregation of germanium at the silicon dioxide/silicon -

germanium interface.

The present invention will describe a method of fabricating a MOSFET device wherein the
conductive gate structure, formed on an underlying 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 for the formation of the
gate dielectric layer which also provide for activation of dopants in already formed ultra-shallow
source/drain regions, thus climinating the use of higher temperature dopant activation
procedures, and thus allowing the use of silicon - germanium underlying the gate dielectric layer

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

U.S. Pat. No. 6,300,203 B1, Gardner et al, in U.S. Pat. No. 6,140,688, Lee et al, in

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




US Pat. No. 6,107,140, Kim in U S. Pat. No. 6,365,450 131, Lee, in 2

U S Pat. No. 6,391,697 B2, and Huang et al, in U S Pat. No. 6,033, 963,
descri be methods of formng gate dielectric |ayers w thout subsequent
exposure to plasma dry etching procedures. None of the above prior art
however describe the novel conbination of process steps used in the

present invention featuring formation of a gate dielectric |layer on a

sem conductor alloy layer, wthout gate dielectric |ayer exposure to

pl asma dry etching procedures, and with a gate dielectric formation

pr ocedurs ral. Nows, Rg 6y tand Elubvadtiaf in UE. dac Wo. a0R Mok, dsegbegathodnoldf a

sem conductor alloy conponent at the gate dielectric - sem conductor alloy

i nter f acein MR 1 a5 whtNVENTb Bdnk ek fosard t@?la@ﬁﬁ d9fetdhltipSrbdvdgrti on to

fabricate § metal oxide sem conductor field effect transistor (MOSFET)
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formed source/drain extension (SDE), regions. is still, another object of
this i mitbentigale dicdectiis layrs capessrida eldse d@é‘ft@“%& Pr@é‘f‘h‘Ff‘é’ ¢ vifh 2 gfeidielegiieg gate
i nsul ator layer without the use of reactive ion etching (R E) procedures,
thus foembdimgopdasmiloivirguibpdntdatiegion (Pdd)r withtecgyegaton nlsadeatiomdieiger . 1 n
accordance wth the present invention a nmethod of form ng a MOSFET device

feat ur bing, cotpdAdr@ al s %tamrectreey%mw@hmdﬁﬁdmy atafaorl tiple spike rapid
t hermal oxidation (RTO procedure, and

SUMMARY OF THE INVENTION

It is an object of this invention to fabricate a metal oxide semiconductor field effect
transistor (MOSFET) device, wherein a gate insulator layer is formed on a semiconductor alloy

layer.

It is another object of this invention to form a gate insulator layer via a multiple spike rapid
thermal oxidation procedure, at temperatures which does not result in movement of dopants in

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

It is stil! 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) procedures, 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 multiple spike rapid thermal oxidation (RTO) procedure, and

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




obtained via formati on of an overlying conductive gate structure forned

w thout the use of RIE 3 procedures, preventing plasm induced damage of
the gate insulator |ayer, is described. A conposite insulator |ayer
conprised of an underlying pad silicon oxide |ayer and an overlying
silicon nitride layer, is forned on the surface of a sem conduct or
substrate, or on a sem conductor alloy |ayer |ocated on the sem conductor
substrate. A conposite insulator shape is defined on the surface of the
seni copaaetunes, plebenting aytesmdf iotlkceddambge df Gramtd iosulgbr laySDE dessgboh An an ar ea
of the sem conductor alloy |ayer not covered by the conposite insul ator

shape. cdngssiiaiRalafRRGOF Sondred boiBAeying fal slicdasxik lifkeacbinostiyiag
i nsul ator shape followed by formation of a heavily doped source/drain

regi on siiligomtrﬁfeq%eﬂfis FDGe® SHHRQNAMGIRN s@hlcO¥duoRY Sibshalk, &AM R ikWal s

conposi I nsul ator shape or by the insulator spacers. Deposition of an

undoped  silic ss (USG). | I, nd. pl,anari zat.i r duyr e

foll oméléoybl?y%i‘l’%@io\?éﬁ?séi ?/Oéﬁ X%? ' Stuﬁsglac%néézgf 881%%%{1]&3?103?8@%%8%@%%3uI ting
in an ening in the USG | ayer, and in the adjacent insulator spacers,
exposing a portion of the top surface of the sem conductor alloy |ayer
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formed on the exposed portion of the sem conductor alloy layer via a first
port i osemitorniduetcs pilkelaRFF @oproverd by ¢e qenbataredildor shape npadaoumpeacashireh does
not result in diffusion of SDE dopants but results in the growmh of the
gat e i Rsieabarihd A¥Blof m@fvoinﬁoatesaﬁm& shRQr Hil®neddy foltRationl dfiaplevispioked RTO

procedure, performed at a higher tenperature results in
source/drain region in an area of the semiconductor alloy layer not covered by the composite
insulator shape or by the insulator spacers. Deposition of an undoped silica glass (USG) layer,

and planarization procedures, are followed by sclective removal of the composite insulator shape,

resulting in an opening in the USG layer, and in the adjacent insulator spacers, exposing a
portion

of the top surface of the semiconductor 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 spike RTO procedure, performed at a temperature which does not result in
diffusion of SDE dopants but results in the growth of the gate insulator layer, while a second
portion of the multiple spike RTO procedure, performed at a higher temperature results in
activation of the dopants in both SDE and heavily doped source/drain regions. If desired an
additional high dielectric constant insulator layer can be formed on the underlying gate insulator
fayer. Deposition of a conductive layer followed by a planarization procedure results in a
conductive gate structure on the underlying gate insulator layer, and located in the opening

previously defined in the USG - insulator spacers.




activation of the dopants in both SDE and heavily doped source/drain
regions. If desired an additional high dielectric constant insulator |ayer
can be forned on the underlying gate insulator |ayer. Deposition of a
conductive |layer followed by a planarization procedure results in a
conductive gate structure on the underlying gate insulator |ayer, and

| ocated in the opening previously defined in the USG - insul ator spacers.
4 BRI EF DESCRI PTI ON OF THE DRAW NGS The obj ect and ot her advantages of this
invention are best described in the preferred enbodinent with reference to
the attached drawi ngs that include: Figs. 1 - 8, 10 - 11, which

schematical ly in cr GREEFSRIGRIPAIONS OH BHE DRMWEYGSt ages used to fabricate
a MOSFET device in which a gate insulator is formed via a nultiple spike
RTO procedure, and wherein a conductive gate structure is fornmed on the

under 11 ng.rgal 6LAMLALPL QYR iE BRI HiseaRliBl, Bigraduies . Fig. o

whi ch gr aphi ustrates the thermal pro or the I'tiple spike

RTO progcedure used.to formthe te i.nsyl ator | ayer used in this present
inventP@ﬁ@g”ﬁﬁ§@%}ﬁ%?@ﬁegﬁ%%ﬁ%“ﬁ%gﬁﬁﬁﬁﬁﬁﬁ%%ﬁBEWﬁENTs The net hod ofp
fabricating a MOSFET device featuring a gate insulator layer fornmed via a
mul tiple spi ke RTO procedure, and featuring definition of an overlying
conduct i ve Figat b- 8t Wudtluwbich pehematicallytin 6tess tspionalestyde SIRPEKGYSHEETUIESY t o
prevent plasma i nduced danmage of the gate insulator layer, will now be
descri fggickts ad@DBFET dSedd ia ovidehct gite Bwtistor atfernisd woapuitgpdaspafe PT@ype singl e
crystalline silicon, featuring a <100> crystallographic orientation, is
used aBﬁ)cedure, and wherein a conductive gate structure is formed on the underlying gate insulator

layer without the use of RIE procedures.

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 EMBODIMENTS

The method of fabricating a MOSFET device featuring a gate insulator layer formed via a
multiple spike RTO procedure, and featuring definition of an overlying conductive gate structure
formed without the use of RIE procedures to prevent plasma induced damage of the gate
insulator layer, will now be described in detail. Semiconductor substrate I, comprised of P type

single crystalline silicon, featuring a <100> crystallographic orientation, is used and
schematically

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

mobility in the channel region, the subsequent gate insulator layer can be formed on a silicon
layer




schematically shown in Fig. 1. A subsequent gate insulator can either be
formed on the top surface of sem conductor substrate 1, or if desired to
enhance MOSFET perfornmance via increased carrier nmobility in the channel
regi on, the subsequent gate insulator |ayer can be forned on a silicon

| ayer 5 overlying a sem conductor alloy such as a silicon - germani um

| ayer, or can be fornmed on a sem conductor alloy |layer such as a silicon -
germanium | ayer. For this description the sem conductor alloy |ayer option
will be used. Silicon - germanium |l ayer 2, is therefore epitaxialty grown
to a tbigkigsschtdongenoadioytudh as hGilicon 4 goenanehg sorwaabe mredbhana
procedures such as chem cal vapor deposition (CVD), using silane or

di si | ang,iashdRcoPMI - shl s GQMicoMD b HRIBRR. FbiSthiSRELrSoRHROUr Ce Of
gernan%%ﬁl Th% meféﬁ?&%grceﬁt o?oge?naﬁiun1iﬂ§silicon -r§§$naniun1layer 2,

which wil.l infl : j i &k i !S{[;%F : I h |
relgi ong\émlc?dﬁlﬂ%té)? agogﬁa);eg%%tﬁfnr%h@% ng(pl %:hwnc—l Qr%%ﬁlae g%rlg%\é,}&@gcbgnzged as
a pad B8N ayer, is next formed on silicon - germaniumlayer 2, at a

t hi ckness between about 30 to 200 Angstrons, via | ow pressure chem cal
vapor @@pnsp aitypkaesrymyen dpul. B 9 HEireTesitia HeeanYRE R RIOGHHET SUaR Bbsi t i on
(PECVD) procedures. If desired, silicon oxide |ayer 3a can al so be obtained
vi a t helramdtal vapor deposition (CVD), using silane or disilane as a source of silicon, while germane
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used as a source of germanium. The weight percent of germanium in silicon - germanium layer
2,

which will influence the carrier mobility in the MOSFET device channel region, , is between
about

5to35. Silicon oxide layer 3a, to be used as a pad oxide layer, is next formed on silicon -
germanium layer 2, at a thickness between about 30 to 200 Angstroms, via low pressure
chemical vapor deposition (LPCVD), or via plasma enhanced chemical vapor deposition
(PECVD) procedures. If desired, silicon oxide [ayer 3a can also be obtained via thermal

oxidation procedures. Silicon nitride layer 4a is next formed on underlying silicon oxide layer
3a,

at a thickness between about 500 to 2500 Angstroms, via LPCVD or PECVD procedures. The

result of the above process steps is schematically shown in Fig. 1.

Photoresist shape 5, is next defined on silicon nitride layer 4a, and used as an etch mask to
define composite insulator shape 20, on underlying silicon - germanium layer 2, with composite
insulator shape 20, comprised of silicon nitride shape 4b, and underlying silicon oxide shape 3b.

Definition of composite insulator shape 20, shown schematically in Fig. 2, is accomplished via
an

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

b




oxi dation procedures. Silicon nitride |layer 4a is next formed on underlying
silicon oxide |layer 3a, at a thickness between about 500 to 2500
Angstroms, via LPCVD or PECVD procedures. The result of the above process
steps is schematically shown in Fig. 1. Photoresist shape 5, is next
defined on silicon nitride |ayer 4a, and used as an etch mask to define
conposite insul ator shape 20, on underlying silicon - germanium | ayer 2,

wi th conposite insulator shape 20, conprised of silicon nitride shape 4b,
and underlying silicon oxide shape 3b. Definition of conposite insulator
shape 2OiF,&hownmkcs ehanethaaldr yilicon &Hiide la@er Jasschetostpldnsmatny atahe gypearance

ani sotropi c RIE procedure perforned using C2F6 as an etchant for silicon
nitrideelaY§ suffee Milkc®n - GattdidhDRydre. Usedviat APhebEBNhapOSs, aalibt con oxi de
| ayer 3a, selectively termnating at the appearance of the top surface of
silicon = I I: r h i, At r.esj
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subsequent conductive ate ructure, is between about 20 to 130
nanone€WE§ﬁ“¢WEﬁ6%@¥F93g§W&6i&§gBF§“%%ﬂﬁ?ennved via pl asma 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 MOBRETDradistihaps S, ihoowe verovied viamlsmiexeespshios praseduresy EHOMSA DRI | | be
applied to an N channel MOSFET device. SDE region 6, is fornmed in an area
of sil ifgigation RSB RpIINA ¢, 3)kern Lhematicat pueFigd3.byhic orvpagintcan basplatior Nshape
20, via inplantation of arsenic or phosphorous ions at an energy between
about 3pifRell & K& Vas @kiRhna MIOSE QEINRE Mowever 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 layer 2, not covered by composite insulator shape 20, via implantation of
arsenic or phosphorous ions at an energy between about 3 to 10 KeV, and at a dose between
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 deposited to a thickness between about 200
to 1500 Angstroms, via LPCVD or PECVD procedures. An anisotropic RIE procedure,
performed using CHF3/0, as a selective etchant for silicon oxide, is used to form silicon oxide
spacers 7, on the sides of composite insulator shape 20. This is schematically shown in Fig. 4.
Implantation of arsenic or phosphorous ions, at an energy between about 10 to 70 KeV, at a dose
between about 3E15 to 7E15 atoms/em?, is next performed in an area of silicon - germanium
layer 2, not covered by composite insulator 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 silica glass (USG), boro-




about 5E14 to 3E15 atons/cnR. The space between the portions of SDE region
6, will determ ne the channel |ength of the MOSFET device. A silicon oxide
| ayer is next deposited to a thickness between about 200 to 1500 Angstrons,
via LPCVD or PECVD procedures. An anisotropic R E procedure, perforned
using CHF3;/02 as a selective etchant for silicon oxide, is used to form
silicon oxide spacers 7, on the sides of conposite insul ator shape 20.
This is schematically shown in Fig. 4. Inplantation of arsenic or
phosphorous ions, at an energy between about 10 to 70 KeV, at a dose

bet weeph@pmthcaﬁlﬁpsc) BEpA&GpAdDinmicaBs (PG N exiexpepboreteth LFCED oar ea of
silicon - germanium |ayer 2, not covered by conposite insul ator shape 20,

and by 6% n{ﬂ%&ﬂ'ﬂux%? 69 rtl‘ﬁcgnesé ibdn Bud ot good LR FBbMONFSthiR@BMkibMosloped
sour ce ral region 8. This is schematically shown in Fig. 5 Dielectric

| ayer r| sed di Sl SG), boro-
7 phos %té? et 1%IS§%J %%{a“ %gc’%h"ggﬁ?&c@ gﬁ’gﬁaﬁ thlgg%ﬁn%l%gédn&eﬁgt deposi ted
via LP 8# PECVD procedures to a thickness betmeen about 600 to 4000
Angstrons. For this description the USG option will be used. Planarization
of di eMeelanjcal poliskipg @W&pwek@uf%ﬁeé%w %ﬂn‘%ﬂt%fopéwé%ﬁ%f%fl IHECHS HIYERT-
polishing (CMP) procedures, resulting in a snooth top surface for

di el ectnd expbsiygthedop suaface ebqpomionits inhdatboagu?d. dbhe refultod tises proeeduresis at or

shape 20. The result of these procedures is schematically illustrated
usi ng kit@mafcaliPelieahtcy @singfpval 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
Selective removal of composite insulator shape 20, is next addressed with the result of the

procedure illustrated in Fig. 7. Silicon nitride shape 4b, is selectively removed via wet etch
procedures using a hot phosphoric acid solution as an etchant, or silicon nitride shape can be
removed via a RIE procedure using C;F as a selective etchant. Silicon oxide shape pad 3b, is
selectively removed via an anisotropic RIE procedure using CHF3/O; as a selective etchant for
silicon oxide. The selective and anisotropic ctching procedures do not etch silicon oxide
spacers 7, thus resulting in the definition of opening 10, at a width equal to the width of the
removed composite insulator shape 20. A portion of the top surface of silicon - germanium

layer 2, is now exposed at the bottom of opening 0.

The critical procedure of forming gate insulator layer 11, on the portion of silicon -
germanium layer 2, exposed at the bottom of opening 10, is next described. To avoid movement
of dopants located in SDE region 6, which will change the desired, designed channel length, a
multiple spike RTO procedure employed to minimize thermal budget is used. The procedure is
performed in a tool used for rapid thermal processing procedures featuring a first step comprised

of multiple cycles, with each cycle ramped from 600 to 850° C, with each cycle performed for a




procedures using a hot phosphoric acid solution as an etchant, or silicon
nitride shape can be renpbved via a RIE procedure using C2F6 as a sel ective
etchant. Silicon oxide shape pad 3b, is selectively renoved via an

ani sotropi ¢ R E procedure using CHF3/02 as a selective etchant for silicon
oxi de. The sel ective and ani sotropic etching procedures do not etch silicon
oxi de spacers 7, thus resulting in the definition of opening 10, at a width
equal to the width of the renoved conposite insulator shape 20. A portion
of the top surface of silicon - germanium |ayer 2, is now exposed at the
bot t ominf beparhABout0.- 5Thec, and ti oabsspredesdban ebaf 000 toRoQtogatvithitesul at or

| ayer 11, on the portion of silicon - germanium | ayer 2, exposed at the

bot t om. G+ R 1 kst %&E&d 188G i afinithPihakakbd Jrexe TRAlatorafl, SleRant s

| ocated 1 n SDE region 6, ich will change the desired, designed channel
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processi ng procedures featuring.a first st risec f. mul tiple cycles,
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8 tinme between about 1 - 50 see, and at a pressure between about 0.01 to
200 t oimsulatsirtdyer hi carbhainirisad obfiligonexider ghcoprexpnigrids ¢y digon Bilids i i n an

i ni tiakhet hi ckness of gate insulator 11, between about 3 to 10 Angstrons.
The nunber of cycles used, and the conditions, tine, tenperature and
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desired final thickness. Gate insulator |ayer 11, can be conprised of

si licop.oxhAe A Ll SOy FI0 hoedu, Lisddd8 acialdthe ilgintsgact ant s
|njecte§'dur|ng the cycles conprised of either oxygen, NO or N20, or a

m xtur %D(E re};x%g 6, as well as in heavily doped source/drain region 8, and to improve the quality of
gate insulator layer 11, is performed via a cycle ramped from a temperature between about 600 to
850° C, to a temperature between about 950 to [150° 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 gate 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 illustrates 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 short times employed during the multiple spike RTO procedure, in

addition to the capping of SDE and heavily doped source/drain regions by dielectric layer 9,

prevented oxygen enhanced diffusion of dopants 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




reactants. A second step of the nmultiple spike RTO procedure, used to
activate the dopants in SDE region 6, as well as in heavily doped
source/drain region 8, and to inprove the quality of gate insulator |ayer
11, is perforned via a cycle ranped froma tenperature between about 600 to
850 C, to a tenperature between about 950 to 1150 C. This cycle is
performed for a tine between about 50 to 1000 m|liseconds, at a pressure
bet ween about 0.01 to 200 torr, in a desired anbient, resulting in gate

i nsul asteut b ay & Adgdstroats. Ahisiinshemhiiekpebsyvibetfaedi. about 8 to 15 Angstrons.
The formation of gate insulator layer 11, is schematically shown in Fig. 8,
white Fig. 9, graphically illustrates the thermal profile for the multiple

spi ke RTO procedy 6?@0:}6&&%‘ggtfé_shﬂ@cureal@h&iﬁcniﬂgqq it aextf.aembd ey of gate
i nsul ator layer 11, was corprised of either 02, N20, or NO, the | ow

t enperature . | nmp gy 1 151 :
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source/drain regions by dielectric layer 9, prevented oxygen enhanced

di ffusion of dopants.in the capped regions fromoccurring. |If desired, gate
i nsul agemane et et idapesiisd deya Huckpepfefuen ?utdﬁéé‘?i OfgPesissrds: for an
overlying high dielectric constant |ayer, such as HHQ2 or ZrQ2. This would
be accompbleshddling epenthgpds iThe dapast palysgivorlaykicis depasitedbria chgmicilapesr 14, via
CVD procedures, to a thickness between 9 about 5 to 30 Angstrons. This is
schematibgaition (SHDWProcadurdsgdopta in-Fau dmtrigalepadiicons tetaddidog af @sise,r uct ure 15,
in opening 10, is next addressed and schematically described using Fig.

11. A coRdHmE o QidoR¥Llo 8 Hifdhe 88 dHORRAIMY,SIHileGRNpol PRS- It GQMiung R &ANI um
or met g’é}t’ion‘ i§ a6 BOSINES Fial® B phdik Gl BEES PELNES i GRAL ks PRy SR oA cARGSfer ONB,

germane is used as the germanium source. The content of germanium in the polysilicon -
germanium layer, between about 5 to 35 weight percent, will determine the MOSFET work
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

accomplished using a conductive material such as copper, aluminum, or tungsten, obtained via
physical vapor deposition procedures. A chemical mechanical polishing (CMP) procedure is next
employed to remove portions of the conductive layer from the top surface of dielectric layer 9,
resulting in the definition of conductive gate structure 15, in opening 10. Of greatest importance
is the definition of conductive gate structure 15, without the use of plasma dry etching
procedures. If plasma dry etching procedures were used for the definition of conductive gate
structure 15, exposure of gate insulator layer 11 to these procedures may have resulted in plasma

induced damage of the gate insulator layer, thus creating a leaky, non-reliable gate insulator
layer.
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conpletely filling opening 10. The doped polysilicon |ayer 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 polysilicon - germanium|ayer option is

al so obtained via CVD procedures using silane or disilane as a polysilicon
source, while germane is used as the germani um source. The content of
germaniumin the polysilicon - germanium | ayer, between about 5 to 35

wei ght per d&ilt thinirvientitet fes beanepattive | VgSRET wet descrihgd atithontesande thiths direct !y

i nfluence threshold voltage. The polysilicon - germanium |l ayer is also
doped pRfesricl UmBudiiegtsdepas] it vdnbe Dajts@daly thdie spiky Bi tht eorthat ayreuscam al so
be acconplished via well established photolithography and ion inplantation

technigﬁﬁ es il RSBt @AY bORAIO VAN dePSiRCEHMPI Hechnd St Rugonduct i ve

mat er i uch as copper, alum num or tungsten, obtained via physical

vapor de qsition procedures. A chem cal nechanical polishing (CW)
procedﬁfglpg'next enpl oyed to renove portions of the conductive |ayer from
the top surface of dielectric layer 9, resulting in the definition of
conductive gate structure 15, in opening 10. O greatest inportance is the
definition of conductive gate structure 15, without the use of plasma dry
etching procedures. If plasma dry etching procedures were used for the
definition of conductive gate structure 15, exposure of gate insul ator
layer I 1 to these procedures may have resulted in plasma induced damage
of the gate insulator |ayer, thus creating a | eaky, non-reliable gate
insulator layer. 10 While this invention has been particularly shown and
described wth reference to, the
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preferred enbodi nents thereof, it will be understood by those skilled in
the art that various changes in formand details nay be made w t hout
departing fromthe spirit and scope of this invention. 11 What is clained
is: 1. Anethod of fabricating a netal oxide sem conductor field effect
transi stor (MOSFET) device, on a sem conductor substrate, conprising the
steps of: formng a conposite insulator shape on a portion of a top
surface of said sem conductor substrate; form ng a source/drain extension
(SDE) region in an area of said sem conductor substrate not covered by
sai d conposi twWhatiseihiatedris;shape; form ng i nsul ator spacers on sides of said
conposite insulator shape; formng a heavily doped source/drain region in
an area of said sem conductor substrate not covered by said conposite

i nsul ator shapes eupy o%%b%hﬁ}@;& ALQN o:x3RALHN Sndudir FAINGrre: RhAnad zed
dielectric layer on portions of said sem conductor substrate not covered

di el ect er "o 0 onductor s ot~ cove
o4i o conposi 1 s RSP ELP G LR Rt WP, AN AL sRRRRELE, L Dorti on

of a top surface of said sem conductor substrate; formng a gate insul ator
Cayer on said (OFRHACHRDEHS HSaR SBRERRE BCHBLE FRWTAEYSEEd | n sai d

openi ng; wherein said gate insulator layer is obtained via a nultiple
spi ke rapi d steicomlucox Pehsttiton (RTO) procedure featuring a first step

forming a source/drain extension (SDE) region in an area of said semiconductor
substrate not covered by said composite insulator shape;
forming insulator spacers on sides of said composite insulator shape;
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;
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;
forming a gate insulator layer on said portion of said semiconductor substrate
exposed in said opening; wherein said gate insulator layer is obtained via a
multiple spike rapid thermal oxidation (RTO) procedure featuring a first step
comprised of multiple cycles, each performed in an ambient comprised with either
0,, NO, and N, O, or in a mixture of O, NO or N, O, with each cycle performed at a
temperature between about 600 to 850° C, for a time between about | to 50 sec, and
with each cycle performed at a pressure betweeﬁ 0.01 to 200 torr, and featuring a

second step performed in a desired ambient, at a temperature between about 950 to
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conprised of nmultiple cycles, each perforned in an anbient conprised with
either 02, NO and N20, or in a mxture of 02, NO or N2O, with each cycle
performed at a tenperature between about 600 to 850 C, for a tine between
about | to 50 sec, and w th each cycle perforned at a pressure between
0.01 to 200 torr, and featuring a second step perfornmed in a desired

anbi ent, at a tenperature between about 950 to 12 1150C, for a tine

bet ween about 50 to 1000 millisecond, at a pressure between about 0.01 to
200 torr; and formng a conductive gate structure in said opening,
overlying sai d gadw,ifersuimat betwedmgtent 5@to Dhe mikistvodd,of a pteasume Ugtwedner ei n
sai d sem conductor substrate is overlaid with a sem conductor alloy layer.
3. The method ofys6d B iMobooWEr@HN said sem conductor substrate is overlaid
with a sem conductor all oy Iayer conprised of silicon - germanium wth

the silicon - @%&“ﬁgﬁ&ghwﬁmg&ﬁggvathHﬁgﬂ?%g[ﬁﬁ%nlu }@gd%wg 140r 4

m croneters, t percent o tween out 5 to 35.
4. The nethod of claim1l1, wherein said conposite |nsulator shape is

conpri sed of "AF" underlying silicon oxide shape at a thickness between
about 30 to 200 Angstrons, and of an overlying silicon nitride shape at a
t hi ckness between about 500 to 2500 Angstrons. 5. The nethod of claim1,
wher ei n the Wi dfle rofthahofdladonp sdieteen wfgmmﬂu@h@%@str%e is overlaid with a

semiconductor alloy layer.

3. The method of claim 1, wherein said semiconductor substrate is overlaid with a
semiconductor alloy layer comprised of silicon - germanium, with the silicon -
germanium fayer at a thickness between about 0.01 to 4 micrometers, and with a

weight percent of germanium between about 5 to 35.

4. The method of claim 1, wherein said composite insulator shape is comprised of an
underlying silicon oxide shape at a thickness between about 30 to 200 Angstroms, and
of an overlying silicon nitride shape at a thickness between about 500

to 2500 Angstroms.

5. The method of claim 1, wherein the width of said composite insulator shape 1s

between about 20 to 130 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 SE14 to 3E15 atoms/cm®.
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bet ween about 20 to 130 nanonetres. 6. The nethod of claim 1, wherein said

source/drain extension (SDE) region is fornmed via inplantation of arsenic

or phosphorous ions, at an energy between about 3 to 10 KeV, at a dose

bet ween about 5E14 to 3E15 atons/cnR. 13 7. The nethod of claim 1, wherein
said insul ator spacers are conprised of silicon oxide at a thickness

bet ween about 200 to 1500 Angstronms. 8. The nethod of claim1l, wherein said
heavi |l y doped source/drain region is fornmed via inplantation of arsenic or
phosphor ous 70Tisg methodnf daier byywHvedinesidtinablotot spboers erc2Omikevd eftsilizod oside

bet ween about 3E15 to 7E 15 atons/cn2. 9. The nethod of claim 1, wherein

sai d pl anari zesihsikabRtkhicen bayenod & moouwndepesk. silica glass (USG | ayer,
obtai ned via LPCVD or PECVD procedures to a thickness between about 600 to
4000 Angstrons, then planarized via chem cal nechanical polishing

procedur s 07, dAgIBLPAG!, i\ nRAY g%&d%éhﬁe/ﬁfiﬁ%gi&gﬁf FRIh 0T

shape is renoved via a selective wet an over 1con nitride

shape using a hot, phosphoric. aci ol ution,,K and vi n_anj sot ic RE
procedur e perfB‘?QJr‘%‘ﬁat&fg'i %&rséﬂf—;g) gosgior {o 18{’56ﬁ%\arﬁene‘fgg%e‘g“ﬁeeﬁﬁ%ﬂ%@l@?‘gg silicon
oxi de shape. 11. The nethod of claim11, wherein said gate insulator |ayer
is conprised of KeVhetra dose between opeE 154 TEEDMOBRYM t ri de, or silicon
nitride, at a thickness between about 3 to |0 Angstrons.

9. The method of claim 1, wherein said planarized dielectric layer is an undoped silica
glass (USG) layer, obtained via LPCVD or PECVD procedures to a thickness between
about 600 to 4000 Angstroms, then planarized via chemical mechanical polishing

procedures.

10. The method of claim 1, 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/O; as an etchant

for an underlying silicon oxide shape.

11. The method of claim 1, 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.

12. The method of claim I, wherein said conductive gate structure is comprised of a
conductive material such as doped polysilicon, polysilicon - germanium, or metal,
defined via deposition of the conductive layer followed by definition via a chemical

mechanical polishing procedure.
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12. The method of claim 1, wherein said conductive gate structure is
conprised of a conductive material such as doped polysilicon, polysilicon
- germanium or netal, defined via deposition of the conductive |ayer

foll owed by definition via a chem cal nechanical polishing procedure. 14
13. A method of form ng a conductive gate structure on an underlying gate

i nsul ator layer for a MOSFET device, conprising the steps of: providing a
sem conductor substrate; form ng a sem conductor alloy |layer on said

sem conductor substrate; formng a silicon oxide pad |ayer on said

sem conductor alloy layer; formng a silicon nitride |layer on said silicon

oxi de pad | ayerA nfd@idd dTgornicOaPaRiute e gasiat @re Ghapaderlyifg poat insolatef a top
surface of said sem conductor alloy layer, with said conposite insulator

shape CO”priS%ﬂ&P&rQh@@?ﬁ@P&kai&ﬁ&ﬂ%h&h?@ﬁe ~an underlying silicon oxide

shape; form ng-a source/draln extension region in an area of said
sem conductor al I | a erlpuamggleﬁgd by said conposite insulator shape;
form ng SI|ICO£KH%£é%a§ acer s sh s!éeg’of sai d conposite insulator shape;
;gﬁflggdﬁchfv%%%ﬁ§§g§%9§§3@§§f%ﬁgﬁgﬁ%gg§§§a%§“§§wg%ggﬁgawﬁghﬂator shape or
by said silicon oxide spacers; formng a planarized dielectric |ayer on
portions of safumyem slitnedwsidepadiayenon idegemiconductor alloy layer;
forming a silicon nitride layer on said silicon oxide pad layer;
forming a composite insulator shape on a portion of a top surface of said
semiconductor alloy layer, with said composite insulator shape comprised of a silicon
nitride shape and an underlying silicon oxide shape;
forming a source/drain extension (SDE) region in an area of said semiconductor
alloy layer not covered by said composite insulator shape;
forming silicon oxide spacers on sides of said composite insulator shape;
forming a heavily doped source/drain region in an area of said semiconductor
alloy layer not covered by said composite insulator shape or by said silicon oxide
spacers;
forming a planarized dielectric layer on portions of said semiconductor alloy layer
not covered by said composite insulator shape or by said silicon oxide spacers;
removing said composite insulator shape resulting in an opening in said planarized
dielectric layer and in said silicon oxide spacers, exposing a portion of a top surface of
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;
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not covered by said conposite insulator shape or by said silicon oxide
spacers; renoving said conposite insulator shape resulting in an opening
in said planarized dielectric layer and in said silicon oxide spacers,
exposing a portion of a top surface of said sem conductor alloy |ayer;
performng a multiple spike rapid thermal oxidation (RTO procedure to form
a gate insulator layer on the portion of said sem conductor alloy |ayer
exposed in said opening; 15 form ng a conductive |ayer conpletely filling
sai d openi ng; and perform ng a chem cal nechani cal polishing (CWP)

procedur e rendWrmghgoednidadtiveflayes aimbletolydiibg sael dppymg; 4mdom t he top surface

of said planarized dielectric layer, resulting in definition of said

conductive gat Berfdrfied HERNACH] HREEhnGAL SolisAmil(@hP) ptoa¥®ire rdnfbvaRd ghrioRest ng.
14. The method of claim 13, wherein said sem conductor alloy layer is a

silicon - germani ibgﬁg%qhgpﬁgkﬁfgnﬁgaaxgﬂggéggg&hﬁéE&ﬁgﬁ.agﬂﬁﬁhﬁfﬁﬂ ;0 4

m cronmeters via chemc vapor eposition ures, C rised

ger mani um wej ght . per.cent etween about 5 to,35..15. The nethod of. claim
3 Maner o1 n Aol FadronB e SRy o SR ERe o P e
bet ween about 30 to 200 Angstrons, via LPCVD or PECVD procedures. 16. The
met hod of claim 13, wherein said silicon nitride |ayer is obtained at a
t hi ckness bétwdbnmetwdof 5N 1 &, WBOON Aid semisnmducipr alldyPaxeDisor sibEovD
procedures. 17. The nethod of claim 13, wherein said conposite insulator
shape is def gaetnkinglager, alfthised ttaphickiisBbgmoaedwne). U lovgmCRébetas van et chant
for said silicon nitride |ayer, and

chemical vapor deposition procedures, comprised with a germanium weight percent

between about 5 to 35.

15. The method of claim 13, wherein said silicon oxide pad layer is obtained at a

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

16. The method of claim 13, wherein said silicon nitride layer is obtained at a

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

17. The method of claim 13, wherein said composite insulator shape is defined via
an anisotropic RIE procedure using C,F; as an etchant for said silicon nitride layer, and

and using CHF3/0O; as an etchant for said silicon oxide pad layer.

18. The method of claim 13, wherein the width of said composite insulator shape

is between about 20 to 130 nanometres,

19. The method of claim 13, wherein said silicon oxide spacers are formed ata

thickness between about 200 to [500 Angstroms.
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and using CHF3/02 as an etchant for said silicon oxide pad |ayer. 18. The
met hod of claim 13, wherein the wdth of said conposite insulator shape is
bet ween about 20 to 130 nanonetres. 19. The nethod of claim 13, wherein
said silicon oxide spacers are forned at a thickness between about 200 to
1500 Angstrons. 16 20. The nethod of claim 13, wherein said planarized
dielectric layer is an undoped silica glass (USG |ayer, obtained via
LPCVD or PECVD rocedures to a thickness between about 600 to 4000

Angst r oms, pmsthediof elginyil 3, vghesdie pld BlansrzeR SHileHIC L2511 BHINEPEY ocedur e.
21. The nethod of claim 13, wherein said conposite insulator shape is
renoved vi a ailsekkst GUSé})\A@ter,etbCahledfviach(bVB o YERY I pioceweshé £ thidmeshape
usi ng a hot phosphoric acid solution, and via an anisotropic Rl E procedure

per f ormed usiyagvehiERi@30@& N0 elngkhadits, tHe@hlonbrieddées h yichges nleclemicabxi de
shape. 22. The nethod of claim 13, wherein said gate insulator |ayer is

conprised of %h%pﬁ%% &Mh n oxide, silicon oxynitride, or silicon nitride,
at a thickness betWween a out 3 to 10 Angstroms. 23. The nethod of claim
13, wherein sald gate i nsul at or Iayer is obtained via said multiple spike

rapi d thermal o at RT cedur featuri.n fi.rst. ste onpri sed
of nmultiple éﬂgﬁA%%F% ﬁepﬁa ﬁOEWBFé gﬂ Hb$?g%ﬁrap$%%elther

NO, and N20, or ina mxture of 02, NO, or N20, with each cycle perforned
at a tenper atvifr@sclective wet etch of an over Iying silicon nitride shape using a hot piosphoric acid

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

for an underlying silicon oxide shape.

22. The method of claim 13, wherein said gate insulator layer is comprised of
cither silicon oxide, silicon oxynitride, or silicon nitride, at a thickness between about 3

to 10 Angstroms.

23. The method of claim |3, wherein said gate insulator layer is obtained via said
multiple spike rapid thermal oxidation (RTO) procedure featuring a first step comprised
of multiple cycles, each performed in an ambient comprised with either Oz, NO, and

N,O, 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 about | to 50 sec, and with each cycle

performed at a pressure between about 0.01 to 200 torr, and featuring a second step
performed in a desired ambient, at a temperature between about 950 to 1150° C, for a
time between about 50 to 1000 milliseconds, at a pressure between about 0.01

to 200 torr.

24. The method of claim 13, wherein said conductive layer is comprised of either
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bet ween about 600 to 350 C, for a tinme between about 1 to 50 sec, and with
each cycle perforned at a pressure between about 0.01 to 200 torr, and
featuring a second step perfornmed in a desired anbient, at a tenperature
bet ween about 950 to 1 150 C, for a tine between about 50 to 1000
mlliseconds, at a pressure between about 0.01 to 200 torr. 24. The nethod
of claim 13, wherein said conductive layer is conprised of either 17 doped
pol ysilicon, polysilicon - germanium or netal. is

doped polysilicon, polysilicon - germanium, or metal.
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