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METHOD OF FORMING ULTRA THIN SILICON OXYNITRIDE FOR GATE
DIELECTRIC APPLICATIONS BACKGROUND OF THE INVENTION 5 (1)
FIELD OF THE INVENTION The present invention relates generally to
semiconductor integrated circuit processing and more particularly to gate

dielectrigfRyH1OY HROBORMINIC 1. TRADEHERI A TEHNGNPHRARE FOR

The gate dielectric is perhaps the most sensitive component of modem

CMOS 10 devices. ReauweDenisFffRIOAAE, fislgaioskyers include high
dielectric breakdown strength, good diffusion barrier properties, low trapping

densities and low interfacial states. As device dimensions decrease there is
a corresponding need for thinner gate dielectric layers. Generally,

requirements becomg AOECROOND OX TAF INVIENTaENdielectric
structures are needed that meet the more stringent requirements. 15 Silicon

(1PBIEIYORYEIRIN VERdfADNate dielectrics in various CMOS technologies
and it is expected that their use will extend into the near future. To optimize

the peHopRaage ofsiisanaxysitiderayers suhictharetessapialyiatewexide

layers containing nitrogen, the amount and distribution of the nitrogen in the

layRyseising U ostrépRAItanss; 16 isanpRIatiyR taykayefaM@gRICDAseRAtioN
of nitrogen near the 20 gate/dielectric interface to act as a penetration barrier.

roESSRIPTIONR WP PRIORIA RPNcentration of nitrogen in the gate dielectric

layer at the interface with the polysilicon gate is required to prevent boron

penetraéigatcNitsRgaicis plahpotheados thastirlectitpahent of modern CMOS
devices. Requirements of appropriate dielectric layers include high dielectric breakdown
strength, good diffusion barrier properties, low trapping densities and low interfacial
states. As device dimensions decrease there is a corresponding need for thinner gate
dielectric layers. Generally, requirements become more stringent and new thinner gate
dielectric structures are needed that meet the more stringent requirements.

Silicon oxynitride layers are used for gate dielectrics in various CMOS
technologies and it is expected that their use will extend into the near future. To optimize
the performance of silicon oxynitride layers, which are essentially gate oxide layers
containing nitrogen, the amount and distribution of the nitrogen in the layers is of utmost
importance. It is imperative to have a large concentration of nitrogen near the
gate/dielectric interface to act as a penetration barrier. For instance, in PMOS a large
concentration of nitrogen in the gate dielectric layer at the interface with the polysilicon

gate is required to prevent boron penetration. Nitrogen is also required in the dielectric at

the dielectric/silicon interface for increased resistance to hot carrier affects and for
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the dielectric/silicon interface for increased resistance to hot carrier affects
and for 1 improved interface quality. At the dielectric/silicon interface
however, the nitrogen concentration needs to be limited since too much
nitrogen is detrimental, giving rise to decreased channel carrier mobility and
infRevedestdaliabiiviify XD adalRIFasgeRi cCRraiRMBIRfler inHbaidisiestric
would be ideal, with the highest concentration near 5 the gate/dielectric

cont@ifagRAQUetdN SiliRigisneRtationineasihe digtactie/silicans rise to

interface and a moderate concentration in between. Preferred embodiments

deefdhRdioNamiigrRrRyidR INRoMRIdJNSHIcd sfRIRRRICMNGSHEA Airbeble.

Tuning the nitrogen concentration formula to achieve improved performance

coscahttiines stennies thiterptREafiit RNNBEI NG itheNe AL RRRIQACREE ARV car
been proposed. 10 Gusev et al., J. Appl. Phys. 84, pages 2980-2982, 1998,

thesedidetiathiaefarch)aingsheo i tiog ansEdaesktatinm peafiltetilidngric/silicon
thermal processing. Their approach involves using NO/02/NO gasses

in®efientally nldanaprdntekaudis ih KeRbRhpRBRcPERDIiBAEE 3301999,
extended the method. They studied the affect on the nitrogen concentration

inpéafite plodiierensorRaassthedyicrhidsing MNch Ngfard 02 gasses. The
technique of Dang and 15 Takoudis relies on the different thermal nitridation

charggigtigties @tihefliferemAQoamEalr eeachiey N e M3 gastesce is at
These methods are limited, however, in that thermal nitridation is difficult to

tirg¥deRddRdneitupeh. prof L dinanie ane thesepretopesh sanbaidipRpuneal.

the nitrogen concentration profile to achieve an optimized bimodal nitrogen
Geancanirationmioieytogaushethinglieleosi; 1898rpresent a method for tuning the
nitrogen concentration profile utilizing thermal processing. Their approach involves using
NO/O,/NO gasses sequentially. Dang and Takoudis, J. Appl. Phys. 86, pages 1326-1330,
1999, extended the method. They studied the affect on the nitrogen concentration profile
of different process sequences using NO, N>O and O, gasses. The technique of Dang and
Takoudis relies on the different thermal nitridation characteristics of the different
nitrogen sources, i.e. NO and N,O gasses. These methods are limited, however, in that
thermal nitridation is difficult to extend to the sub 1.6 nm EOT range and these methods
cannot fine-tune the nitrogen concentration profile to achieve an optimized bimodal
nitrogen concentration profile for such thin dielectric layers.

Other nitrogen profiling techniques utilize plasma nitridation. Kraft et al., U.S.

Patent 6,136,654, provide a plasma nitridation method for introducing non-uniform

concentrations of nitrogen that is incorporated into an oxide layer or forms a nitride layer

at the surface of the substrate. As pointed out by Nimi et al., U.S. Patent 6,610,614, the
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20 Other nitrogen profiling techniques utilize plasma nitridation. Kraft et al.,
U.S. Patent 6,136,654, provide a plasma nitridation method for introducing
non-uniform concentrations of nitrogen that is incorporated into an oxide

layer or forms a nitride layer at the surface of the substrate. As pointed out

mENSIRIRY; BlithbR HIASRMAEAK G4, i 2nathach g Rt RuHaRIefos1xiEe

layers less than about 2nm thick. Nimi et al. also use plasma nitridation to

pliRfRdHERIRIEAGE NHRtRIaR PR MR RELide-arifBtioanE cRERINEd
steps to stabilize the nitrogen concentration profile, heal plasma induced

antleaniag & epeltedisie jeterdasirl defesheansities prigiaddan fhaha théuLatent

6,610,615 5 discloses a low power direct plasma method for introducing

daRRIeNIIEIRE MXGE taelefdds g atgasMarvudawes oA tinnans/gythas
nitrogen in combination with nitrogen results in a steeper concentration

disyRfile folonitregrn drtoepdan lAxalodiRNaHRSINARE Mirdaetiney erdatad Sayer.

McFadden et al., Kraft et al. or Nimi et al., provide a method to achieve an

UaniimizadhimgdaWwitegencansrasatinmprefedorbimibialestiodanarscln

Shue et al., U.S. Patent 6,380,056, disclose forming a silicon layer, exposing

re$ QRS CONdgyerdeh BHiREEGROAIN MY @Ragaling MURRNRNRiRLOHoWa\RSHERR of
nitride layer, then oxidizing to form a silicon oxynitride layer. U.S. Patent

th® 3 OPAeites, Kodmeldal cand KeSt Baterl Nafv et af, feohvale atrabthi@Beh
methods of forming silicon gates utilizing Si2H6. U.S. Patent Application

acRQA4/6H 4phr9tel Brabdn eitdgshovik entbtRiligaofaxyhittisa articefiRCtivers.

coating layer formed using Si2H6 or Si3H8, for example as silicon source.

U.S. Patenishpplicalion 83002/ T ay @b& feisdlasesitiilidaner,
exposing the silicon layer to nitrogen containing annealing atmosphere to form a silicon
nitride layer, then oxidizing to form a silicon oxynitride layer. U.S. Patent 5,563,093, to
Koda et al., and U.S. Patent 5,597,754, to Lou et al., teach methods of forming silicon
gates utilizing Si,Hs  U.S. Patent Application 2004/0145029 to Acetutu et al. shows a
silicon oxynitride antireflective coating layer formed using Si;He or SizHg, for example as
silicon source. U.S. Patent Application 2002/0009900 to Tay et al. discloses a silicon
oxynitride layer formed on silicon by rapid thermal processing.

Conventional process flows used to tune the nitrogen concentration profile

in dielectric layers are shown in Fig.1. Region 2 is a silicon region, which could be a
silicon substrate or a silicon region formed on a substrate. An oxide layer, 4, is formed
over the surface of the silicon region. Nitrogen is introduced through the surface of the

oxide layer, 4, from nitrogen containing species, 6, in the atmosphere above the oxide

layer. This can be done by thermal nitridation, which, as pointed out by Nimi et al., U.S.



oxynitride layer formed on silicon by rapid thermal processing. Conventional
process flows used to tune the nitrogen concentration profile in dielectric

layers are shown in Fig. 1. Region 2 is a silicon region, which could be a 20
silicon substrate or a silicon region formed on a substrate. An oxide layer, 4,

Pd&H0UNRD AvekibaswReaRiingsiis oo RSN (AIFAIBRIiR ilasfél‘é!JHﬁﬂle case of
through the surface of the oxide layer, 4, from nitrogen containing species, 6,

théMHAE AHMRERNAR ARAURANDRIHRIRYEF IS GAMP S deasiitnedBglthe
nitridation, which, as pointed out by Nimi et al., U.S. 3 Patent 6,610,614,

chORQI0BS K e dnsiitadestrImrdem sHiaahinOpide:layetRctit éhth GasRIPbther
thermal nitridation the nitrogen concentration profile tuning is accomplished

gakBystRAcKRSIOS, GhNIBEORMONSOUERS HIRUETAR DKL OF MABaIhE AEPSEBRsMa
sequence, in which other gases, such as 02, can be included, and the

5 nigenRdidpnssbannealied siepsiRlagma sonitegaiionhiastRee patuding pasan

alternative to thermal nitridation, particularly as a method of introducing large

méPRaasTiaiioascaiitiggeulesatizeshindheiwxida lsysiRdthetgalerdialgelria the
interface. Tuning the nitrogen concentration profile by alteration of the

galpdagidlachd an&ite . MRm e venmfekienaticeeweveicile B9 sRatiadictdthe
behavior in the nitridation process for different nitrogen containing species.

plE@iLyaaAite B iHAgRBVen Hbd léhthecplasmad odnet b avatRigio tdiff usiikyiob it the
usually have high kinetic energy. Nitrogen radicals, usually do not high

niffideticrEpeiays iBoit didfechioliteifesivbiytailiitis §REP ORdiSesaipe Aarbgemass

in terms of the choice of plasma parameters to achieve nitrogen
10  inchopertratienfaiieduningl Same inpiovamentaareheanmagde igyiexit®gen

of plasma

radicals, usually do not high kinetic energy, but have high diffusivity. Thus compromises

have to be made in terms of the choice of plasma parameters to achieve nitrogen

concentration profile tuning. Some improvements have been made in terms of plasma

source control, such as, for instance, using pulsed RF sources and the addition of helium

15  to the plasma, that improve the tenability. However there is still much room for

improvement, for which it is a primary objective of the invention to provide.

SUMMARY OF THE INVENTION

20 It is a primary objective of the invention to provide a readily manufacturable
process for fabricating an ultra thin gate dielectric. It is further a primary objective of this
invention to provide an ultra thin gate dielectric with improved channel leakage and

mobility, which is an excellent barrier to boron penetration and has improved reliability.
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source control, such as, for instance, using pulsed RF sources and the
addition of helium 15 to the plasma, that improve the tenability. However
there is still much room for improvement, for which it is a primary objective of
the invention to provide. SUMMARY OF THE INVENTION 20 It is a primary

It RbjeetivaaidhsrinvenieniarieYige mitadiy maniariuratigoarrsaasieiting a

fabricating an ultra thin gate dielectric. It is further a primary objective of this

gafRVEPHRR OWA A G R dHER bR Biafendiebett i Wit dptiphaN e dusRanBehat there

leakage and mobility, which is an excellent barrier to boron penetration and

ref\8E iproved kaliabiithobillits, yeienfpetherpomaty Rgsive afdhetineintionet
to provide a method for fabricating a gate dielectric with a nitrogen

ano@nEeRirAlgNBIedtiedhatie apimady IResksadbal Hieked Rl HBRIe¥Een

leakage, mobility, boron penetration and reliability characteristics. Yet

conpethatigipran @uiestivedef e in LS RIOR ISHAIRS Vst daMathad fAardttdngation

nitrogen 5 concentration profiles in gate dielectric layers to obtain a bimodal

profiIegeRILONGB HAOFLPEBAlRnWAlLA [REKENDHF PPEPaEOIRSAITALONARERK BEAE
the gate/dielectric interface and a smaller peak near the dielectric/silicon

snalRifpeek inak 1aswis datinoRiaves ieakage, tirokIis hakHgiroenelsakian and
reliability characteristics. In contrast to conventional processes, a thin silicon

méMEfyISHarBeg-avehashoxdee D inyesthakhadtkgen formed over a silicon

region. Upon nitridation most of the nitrogen will be concentrated within the
thin Siticon e tyiwe santaddiprgeswilhbrisituaied 1 Aeaidferoxteeitiendxide

interface. The invention thus provides a method of forming a
layer that had been formed over a silicon region. Upon nitridation most of the nitrogen
will be concentrated within the thin silicon film, while some nitrogen will be situated
near the oxide silicon interface. The invention thus provides a method of forming a
bimodal nitrogen concentration profile with a large nitrogen concentration peak near the
gate/dielectric interface and a smaller peak near the dielectric/silicon interface, that

results in improved leakage, mobility, barrier penetration and reliability characteristics

and therefore the objectives of the invention are achieved.

A method of forming a gate dielectric layer is disclosed. The method comprises
the following steps. A substrate is provided having silicon regions containing surfaces
upon which gate dielectrics are to be disposed. An oxide is formed over the surfaces. A
silicon layer is formed over the oxide layer. A nitridation process is performed. An

optional high temperature annealing step may be performed.
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bimodal nitrogen concentration profile with a large nitrogen concentration
peak near the gate/dielectric interface and a smaller peak near the
dielectric/silicon interface, that 15 results in improved leakage, mobility,
barrier penetration and reliability characteristics and therefore the objectives

of the inventiogRIe RPEMERIPTTON@FOT iprmyianaerNe dielectric layer is

disclosed. The method comprises the following steps. A substrate is
provided having silicon regions containing surfaces upon which gate
dielectrics are to be disposed. An oxide is formed over the surfaces. A 20

silicom layxesdsotapnearRVEh e O ree iRy 8 mAtiiIGRAlIOR PRRCESR fption, there is

performed. An optional high temperature annealing step may be performed.
shovB@RIEF DESCRIPTION OF THE DRAWINGS In the accompanying drawing

forming a material part of this description, there is shown: 5 Fig. 1 shows a

FigON¥REHENA RIRsREhafigscésand 3 show a process according to the
invention. DESCRIPTION OF THE PREFERRED EMBODIMENTS 10 Figs. 2

Figld JilusHiaie prpessssiiausaseoisiing o pretarred embodiments of the

invention. As in conventional process flows region 2 is a silicon region, which
could be a silicon substrate or a silicon region formed on a substrate. An
oxide layer, 4, is formed over the surface of the silicon region. For
application in recent and future CMOS

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figs. 2 and 3 illustrate process flows according to preferred embodiments of the
invention. As in conventional process flows region 2 is a silicon region, which could be a
silicon substrate or a silicon region formed on a substrate. An oxide layer, 4, is formed
over the surface of the silicon region. For application in recent and future CMOS
technologies the oxide layer thickness is in the vicinity of 10 Angstroms, the range being
about 7 to about 15 Angstroms. This oxide, preferably, is grown by conventional thermal
processes, of which the ISSG (in-situ steam generation) processes are particularly
recommended. The oxide may have some nitride within it, about 0-5%, which had been
incorporated using conventional methods, for example RTNO. The next step is crucial to
the invention. As shown in Fig. 3, a thin silicon layer, 8, is formed over the oxide layer.
Preferably the thickness of the silicon layer is between about 5 to about 15 Angstroms.
Formation of the silicon layer can be accomplished using standard procedures that result

in thin uniform layers. A preferred method is LPCVD using large molecule Si-containing
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15 technologies the oxide layer thickness is in the vicinity of 10 Angstroms,
the range being about 7 to about 15 Angstroms. This oxide, preferably, is
grown by conventional thermal processes, of which the ISSG (in-situ steam
generation) processes are particularly recommended. The oxide may have

soBRBE Sikide Within Ki.2Rowh @S9, ydichhadRaeReincahRaiaiethbSitgon layer,

conventional methods, for example RTNO. The next step is crucial to 20 the

8, VBBUOSlafRSRRMGR Wit BoRtHiNIng iHeRidaYalciBadSIPIMBORMRY haoxisle

layer. Preferably the thickness of the silicon layer is between about 5 to

soBRUtHMNASHe MBSy bOtRAINRQS thersiHeaN|aYRLGRRiIOE duegsplished
using standard procedures that result in thin uniform layers. A preferred

methodAsisRGaYPnUsipg Jarke Melaakde: DhsopaiBie: G SRUIESySHsHNRE over
Si2H6, Si3H8, and Si4H10 etc. Also preferred is forming the silicon layer, 8,

thelSiKid Al Blasl) AsSAYRENED SITEQMIAINRGD SRRCIASeRUGNREISHTM HTHSIAG Aicon
plasma source, silicon atoms may be distributed in the near surface region of

layRy8rié férmidickition el wdtahyier aervantiona Mg ceskesiis HRHAIBA, which
performed over 5 the oxide layer 4, is in preferred embodiments of the

colMesyipirpautetnead aftsr dhesilicom My@odds-lrmesinSnaathacsiieppylayer

acts as a gettering region for nitrogen, which could be introduced either by

nikbpREalegtAMm i Hiplagan-adiihintigalmoRphETeifb h RITQeRK ¢RMRIRINEN
plasma, a high concentration of nitrogen is formed in the silicon layer. A

lagenaleneaneentiadinmebnibragesssihvisalke leubdndaaathadniesface of the
10 oxide layer, 4 with the silicon region, 2.The large concentration of nitrogen

oxidatlis fieedeieh Aeasithegaleishe BThicliniertaeedaatbas Arpesgiradianis needed
barrier is thus formed. Nitrogen

near the gate/dielectric interface to act as a penetration barrier is thus formed. Nitrogen
that is required in the dielectric at the dielectric/silicon interface for increased resistance
to hot carrier affects and for improved interface quality is also formed and here the
nitrogen concentration is limited since so that decreased channel carrier mobility and
degraded reliability does not occur. The preferred bimodal nitrogen concentration profile
with a very high concentration near the gate/dielectric interface and a lower but still high
concentration near the dielectric/silicon interface is thus achieved by the preferred
embodiments of the invention.

There are two options for the nitridation processes. Nitridation could be
accomplished using N-containing plasma. Nitridation could also be accomplished by
annealing in a NO-containing atmosphere.

For the case of annealing in a NO-containing atmosphere the annealing gasses

that provide the nitrogen could be N,O, NO, NH3/O; or N»/O; or combinations. The



10

15

20

that is required in the dielectric at the dielectric/silicon interface for increased
resistance to hot carrier affects and for improved interface quality is also
formed and here the nitrogen concentration is limited since so that
decreased channel carrier mobility and 15 degraded reliability does not

an@66HHho TRR MRV res-RipesahBitrasnreRsenisationperlilen withiackersighhe

concentration near the gate/dielectric interface and a lower but still high

siCUICRYEROIF feamhii ciclasacielisay mefacel iRdhea ReRenab B about

preferred embodiments of the invention. There are two options for the

900tdaIoIH B ¢2E6ES fOH UiHatIONs GRS DR uLQ PesIMBisheshpeIpBate for silicon

N-containing plasma. Nitridation could also be accomplished by annealing in

lapeN Beenbéai ARG MOSPPEISHFoRdhe sase elianealingtinis MYrGenaiingh a
atmosphere the annealing gasses that provide the nitrogen could be N20,

biNOAaINFIB632:08\21612 i6h CABRIRRALINRS. chatcAtaRRa g £RRYHIABS: the surface

corresponding to any of the gasses, depend on the thickness of the silicon

aslaYehs8qir@icadngaling @assast NBNRIO deanaalipenteninesaiies RARVBERs at
about 9000C and about 1100C for durations up to about 15 seconds are

tha pReepudateifarnslisonolayisbelwwesm@boticdniadeNogsicamaioh 8id@Bution
silicon oxynitride layer results with a 5 bimodal nitrogen distribution. High

cafiFo getiiSRAIBNMIaansS AR {0HFH eOndaas 14 ndiHa esicREess SEE QU RIMGE Bfer 8.
the tendency of silicon to getter nitrogen and a smaller peak forms at the

interfacexwithativh SaRNaIeY ade dipiRG Al ihia NXrRgah eAMEPRISAHO This

distribution can be achieved by varying annealing conditions and the
optibeknesiiafathetsdis@minygs that it would be efficient to combine nitrogen plasma
nitridation with silicon plasma processing for forming the silicon layer. For the case of N-
containing plasmas the source that provides the nitrogen could be N, and included in the
gas should be Silicon containing sources such as SiH4. Plasma conditions such as
pressure, power and duration need to be adjusted to achieve a particular nitrogen
concentration profile, which depends also on the thickness of the silicon layer, 8. Higher
nitrogen concentrations near the surface are attained for thicker silicon layers and for
higher power. For plasma sources N2 and SiHy, temperatures from about 20°C to about
300°C are appropriate. A single silicon oxynitride layer results with a bimodal nitrogen
distribution. High nitrogen concentrations are formed near the surface as a consequence
of the tendency of silicon to getter nitrogen and a smaller peak forms at the interface with
the silicon region 2.

An optional high temperature annealing step can now be performed, at a

temperature of about 1000 °C and for duration of about 0-15 sec. This annealing step



Nitridation could also be accomplished using N-containing plasma. This 10
option would have the advantage that it would be efficient to combine
nitrogen plasma nitridation with silicon plasma processing for forming the
silicon layer. For the case of N- containing plasmas the source that provides

seIEsNITRIEH £RP LR NARAPEIRRINEOH 38 e OS5 RE Brisk PRosiiSRIE and to

containing sources such as SiH4. Plasma conditions such as pressure,

inﬂﬁWg%E@cﬁél@ﬁQ@qlﬁﬁ@yto be adjusted to achieve a particular nitrogen 15
concentration profile, which depends also on the thickness of the silicon

layer, 8. HiglyenilBitHRAGN-GOI0G81Y BieR D€ HIE, SHTREC Al B tAIBEI 9
thicker silicon layers and for higher power. For plasma sources N2 and SiH4,

re FRIARRY A URS HHEPER &P Olb3eies ARGUH VAT By @rARPRIIIBS tHo&iNGi@led in
silicon oxynitride layer results with a bimodal nitrogen distribution. High

thOBrOaRN eNLAkatishsi AR iarmadinaamie seiiace astRredspatiRRMR20 Gk
the tendency of silicon to getter nitrogen and a smaller peak forms at the

spiffesfRice yEbthe slieamiéagion 2. An optional high temperature annealing
step can now be performed, at a temperature of about 1000 C and for
duration of about 0- 15 sec. This annealing step 8 serves to repair any
dam&jexthatladuld iave occurred in the prior processing and to improve
gate dielectric quality. While the invention has been particularly shown and
described with reference to the preferred embodiments thereof, it will be
understood by those skilled in 5 the art that various changes in form and
detail may be made without departing from the
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spirit and scope of the invention. What is claimed is: 9 1. A method of forming
a gate dielectric layer comprising: providing a substrate having silicon regions
that contain surfaces upon which gate dielectrics are to be disposed; forming
an oxide layer over the surface said silicon regions; 5 forming a silicon layer
over said oxide layer; annealing said substrate in a nitrogen containing
environmenhdéd vitfodineg nigkegeaivlininisag ikboaiplayeg.and said oxide layer.
2. The method of Claim 1 wherein said substrate is a silicon substrate. 3. The
method of Claim 1 wherein said silicon regions are regions of a silicon 10
substrpteyidinghesusthad ohdigislitonhegaimstia silitom eylocs amsilidoch
n-wells and/or p wells formed in silicon regions. 5. The method of Claim 1
wherefiatsaletlsxidedayetddea dsposeally grown oxide layer. 15 6. The method
of Claim 1 wherein said deposited dielectric layer is an ISSG oxide layer. 7.
The method of Claim 1 wherein the thickness of said oxide layer is between
about PERRE AR qggqgﬂw%w@ the surface said silicon regions;

forming a silicon layer over said oxide layer;

annealing said substrate in a nitrogen containing environment to introduce

nitrogen into said silicon layer and said oxide layer.
2. The method of Claim 1 wherein said substrate is a silicon substrate.

3. The method of Claim 1 wherein said silicon regions are regions of a silicon

substrate.

4. The method of Claim 1 wherein said silicon regions are silicon n-wells and/or p-

wells formed in silicon regions.

5. The method of Claim 1 wherein said oxide layer is a thermally grown oxide

layer.

6. The method of Claim 1 wherein said deposited dielectric layer is an ISSG oxide

layer.

7. The method of Claim 1 wherein the thickness of said oxide layer is between

about 7 to about 15 Angstroms.

10
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10 8. The method of Claim 1 wherein said silicon layer is formed by a LPCVD
process. 9. The method of Claim 1 wherein said silicon layer is formed by a
LPCVD process using big molecular sources. 5 10. The method of Claim 1
wherein said silicon layer is formed by a plasma source with silicon

cogtainfg sRemeidlaihe WEHRAE 9f CiRidvi WIS RIFGPRICHINCO D IRYEDIS
formed by a plasma source with silicon containing species in which hydrogen
is absgpiedsd: The method of Claim 1 wherein said annealing in a nitrogen
atmosphere is 10 accomplished by using N20, NO, NH3/0O2 or N2/02 as
nitrogen sources. 13. The method of Claim 1 wherein the duration of said
angeadling incehodreyEhiainosiierie ssidellivear Blkout HimabbytIPsadonds.
14. The method of Claim 1 wherein the temperature of said annealing in a
nitrogeroaismaspladi isbdletvkenaictst 900 to about 1100 0 C. 15 15. A
method of forming a gate dielectric layer comprising: providing a substrate
having silicon regions that contain surfaces upon which gate dielectrics are
to Bhe. dispossstodorffiieian oxideciayeidsibcehdaygrisc®ad Sifiearasgiomstrce
forming a silicon layer over said oxide layer; 11

with silicon containing species.

11. The method of Claim 1 wherein said silicon layer is formed by a plasma source

with silicon containing species in which hydrogen is absent.

12. The method of Claim 1 wherein said annealing in a nitrogen atmosphere is

accomplished by using N,O, NO, NH3/O, or N»/O, as nitrogen sources.

13. The method of Claim 1 wherein the duration of said annealing in a nitrogen

atmosphere is between about 0 to about 15 seconds.

14. The method of Claim 1 wherein the temperature of said annealing in a nitrogen

atmosphere is between about 900 to about 1100 °C.
15. A method of forming a gate dielectric layer comprising:

providing a substrate having silicon regions that contain surfaces upon which

gate dielectrics are to be disposed;
forming an oxide layer over the surface said silicon regions;

forming a silicon layer over said oxide layer;

11
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annealing said substrate in a nitrogen containing environment to introduce
nitrogen into said silicon layer and said oxide layer; Performing a high
temperature anneal 16. The method of Claim 15 wherein said substrate is a
silicon substrate. 5 17. The method of Claim 15 wherein said silicon regions

are regipisAfosilicoBsehRsiatfitlche-hn@ methed o irrimchbwhersin&aid
silicon regions are silicon n-wells and/or p-wells formed in silicon regions. 19.

The mgthagteifdaimdlanvhersivsad esidsdrianiea thermally grown oxide
10 layer. 20. The method of Claim 15 wherein said deposited dielectric layer

is an ISSG oxide layer. 21. The method of Claim 15 wherein the thickness of
said oRigdéolayepis behveatpatnout diaeabout 15 Angstroms. 15 22. The
method of Claim 15 wherein said silicon layer is formed by a LPCVD process.
23. The method of Claim 15 wherein said silicon layer is formed by a LPCVD
prodeddeasiethbibonClesnldd stheres sdid ubstints methidg@f Qlratt5 wherein
said silicon layer is formed by a plasma source with silicon containing
Sp?(%l.e"l%le method of Claim 15 wherein said silicon regions are regions of a silicon

substrate.

18. The method of Claim 15 wherein said silicon regions are silicon n-wells and/or

p-wells formed in silicon regions.

19. The method of Claim 15 wherein said oxide layer is a thermally grown oxide

layer.

20. The method of Claim 15 wherein said deposited dielectric layer is an ISSG oxide

layer.

21. The method of Claim 15 wherein the thickness of said oxide layer is between

about 7 to about 15 Angstroms.

22. The method of Claim 15 wherein said silicon layer is formed by a LPCVD

process.

23. The method of Claim 15 wherein said silicon layer is formed by a LPCVD

process using big molecular sources.

12
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25. The method of Claim 15 wherein said silicon layer is formed by a plasma
source with silicon containing species in which hydrogen is absent. 5 26. The
method of Claim 15 wherein said annealing in a nitrogen atmosphere is
accomplished by using N20, NO, NH3/02 or N2/02 as nitrogen sources. 27.

ThesmetRadeaiddlaint himyvheraiertie duatinn R saidiarnealiingyn 3IRERARArce

atmosphere is between about 0 to about 15 seconds. 28. The method of

Claim danvnessinctihraigmpepatues. of said annealing in a nitrogen 10
atmosphere is between about 900 to about 1100 C. 29. The method of Claim

15 wherein said high temperature anneal is performed at a temperature of
abosit TheG:Ethdd. ok Gleiinorb aftiereningid gt dlialegtiicilayexddonpsising
providing a substrate having silicon regions that contain surfaces upon which
15 gateratedeeiticsieertedigadispo seetiéoimingianioxicedayienbuart the
surface said silicon regions; forming a silicon layer over said oxide layer;
using an n-containing plasma to introduce nitrogen into said silicon layer and
saitboxidie tagiwodi 6f $lainhéSmdthsthehdlaimedinghe eintszgansaibsisaberie ia
silicon substrate. 32. The method of Claim 30 wherein said silicon regions are
regiorgcodmmiibod kybsirgtd O, NO, NH3/O, or N»/O; as nitrogen sources.

27. The method of Claim 15 wherein the duration of said annealing in a nitrogen

atmosphere is between about 0 to about 15 seconds.

28. The method of Claim 15 wherein the temperature of said annealing in a nitrogen

atmosphere is between about 900 to about 1100 °C.

29. The method of Claim 15 wherein said high temperature anneal is performed at a

temperature of about 1000 °C.
30. A method of forming a gate dielectric layer comprising:

providing a substrate having silicon regions that contain surfaces upon which

gate dielectrics are to be disposed;

forming an oxide layer over the surface said silicon regions;

forming a silicon layer over said oxide layer;

using an n-containing plasma to introduce nitrogen into said silicon layer and

said oxide layer.

13
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33. The method of Claim 30 wherein said silicon regions are silicon n-wells
and/or 5 p-wells formed in silicon regions. 34. The method of Claim 30
wherein said oxide layer is a thermally grown oxide layer. 35. The method of
Claim 30 wherein said deposited dielectric layer is an ISSG oxide layer. 10

363 Thengibad 06 Cdadim 30 winerein dhia tiskngsssof saicbrxidRtayer is
between about 7 to about 15 Angstroms. 37. The method of Claim 30

wherein said silicon layer is formed by a LPCVD process. 38. The method of
Clain Blkwiehie th cfaidasii Gonvwaysyinsshadroidid dayragidtS Wi gipheessssiising
big molecular sources. 39. The method of Claim 30 wherein said silicon layer
is formeabshyita. plasma source with silicon containing species. 40. The method
of Claim 30 wherein said silicon layer is formed by a plasma source with
silicon containing species in which hydrogen is absent. 14 41. The method of
Cl&itn 3bevhetizid ebfdlNaedhtaimirmgmiashsdiosesag@ds NE sNik3 wrw¢Hssand/or
nitrogen sources. 42. A method of forming a gate dielectric layer comprising:
providinyellsdbgtredarhsiligny sitionsregions that contain surfaces upon which

34. The method of Claim 30 wherein said oxide layer is a thermally grown oxide

layer.

35. The method of Claim 30 wherein said deposited dielectric layer is an ISSG oxide

layer.

36. The method of Claim 30 wherein the thickness of said oxide layer is between

about 7 to about 15 Angstroms.

37. The method of Claim 30 wherein said silicon layer is formed by a LPCVD

process.

38. The method of Claim 30 wherein said silicon layer is formed by a LPCVD

process using big molecular sources.

39. The method of Claim 30 wherein said silicon layer is formed by a plasma source

with silicon containing species.

40. The method of Claim 30 wherein said silicon layer is formed by a plasma

source with silicon containing species in which hydrogen is absent.

14
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5 gate dielectrics are to be disposed; forming an oxide layer over the surface
said silicon regions; forming a silicon layer over said oxide layer; using an
n-containing plasma to introduce nitrogen into said silicon layer and said
oxide layer. 10 Performing a high temperature anneal 43. The method of

Clajim 42heigin sRCISWPStaBdSM Siiaa0-soRsiraie. fidsihesaethod /D, NH;,

Claim 42 wherein said silicon regions are regions of a silicon substrate. 45.
The mgthod o falgien 48uidagrein said silicon regions are silicon n-wells
and/or 15 p-wells formed in silicon regions. 46. The method of Claim 42
wherein said oxide layer is a thermally grown oxide layer. 47. The method of
Claim AZwiherkot saitidgpositedidietedtriayayeoispainihgSG oxide layer. 15
48. The method of Claim 42 wherein the thickness of said oxide layer is
between about 7 to about 15 Angstroms. 49. The method of Claim 42
whereimeadinglicorbsapes heforgnatidop ackPa@\ibaprootss. sBrégeT hpamethst
of Claim 42 wherein said silicon layer is formed by a LPCVD

gate dielectrics are to be disposed;

forming an oxide layer over the surface said silicon regions;
forming a silicon layer over said oxide layer;

using an n-containing plasma to introduce nitrogen into said silicon layer and

said oxide layer.
Performing a high temperature anneal
43. The method of Claim 42 wherein said substrate is a silicon substrate.

44. The method of Claim 42 wherein said silicon regions are regions of a silicon

substrate.

45. The method of Claim 42 wherein said silicon regions are silicon n-wells and/or

p-wells formed in silicon regions.

46. The method of Claim 42 wherein said oxide layer is a thermally grown oxide

layer.

47. The method of Claim 42 wherein said deposited dielectric layer is an ISSG oxide

layer.
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process using big molecular sources. 51. The method of Claim 42 wherein
said silicon layer is formed by a plasma source with silicon containing
species. 52. The method of Claim 42 wherein said silicon layer is formed by a
plasma 10 source with silicon containing species in which hydrogen is

abagnrR3n e FthedR U RiBrdia WheRRRRALNseRNSRIQNGRIATBRWRH
N20, NO, NH3 or N2 as nitrogen sources. 54. The method of Claim 44

whereip&aid igbdempesaisigoanneal is performed at a temperature of about
1000 C. 15 16

49. The method of Claim 42 wherein said silicon layer is formed by a LPCVD

process.

50. The method of Claim 42 wherein said silicon layer is formed by a LPCVD

process using big molecular sources.

51. The method of Claim 42 wherein said silicon layer is formed by a plasma source

with silicon containing species.

52. The method of Claim 42 wherein said silicon layer is formed by a plasma

source with silicon containing species in which hydrogen is absent.

53. The method of Claim 42 wherein said N-containing plasma uses N,O, NO, NH;

or N as nitrogen sources.

54. The method of Claim 44 wherein said high temperature anneal is performed at a

temperature of about 1000 °C.
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