;] "e3eo@=Il .| 6T.5% A METHOD OF FABRI CATI NG A GATE DI ELECTRI C LAYER W TH

REDUCED GATE TUNNELLI NG CURRENT AND PENETRATI ON BACKGROUND OF
.THE I NVENTION (1) Field of the Inve m esent invention relates to
met hods used to fabricate sem conductor,_devi and nore specifically to a

met hod used to fabricate a gate diel ect T1°84 ayer offering reduced

tunnel ling current and inproved boron penetration characteristics. (2)
Description of Prior Art Mcro-mniaturization, or the ability to fabricate
sem conductor devices with sub-mcron features, has allowed the performance
of sub-m cron devices to be increased while the fabrication costs for these
sane devi CAMBANOOE F ABRICAAUNGTA € ATADIEIE ORI IoA YERWEHH RBEDWCEDevi ces,
such as N channel netal oxide sem conductor (NMOS), and P channel (PMOS),

el enents of GATBITURNEBLNGEURRENT AN REDUTEYBORON ENMNBrRAWON ncl uded
the scaling down of the thickness of the gate insulator |ayer. The use of

thin gate insulator |ayers have however presenting yield problens not
encountered for counterpart devices conprised with thicker gate insulator

| ayers. For exanple th]%n [ eééﬁ( such as silicon dioxide
i nsul ator |ayers do no A@W%@Eﬁ%&v Ig)rrﬁas t hi cker counterparts
agai nst boron penetration from overlying P type doped polysilicon gate
structures, resulting in a degraded gate insulator |ayer as well as a
dopant depl eted gate structure. In addition the thinner gate insul ator

| ayer s(1) Higdd of thebivenisorsi | i con di oxi de, present a greater risk of high gate

tunnelling currents, than tunnelling risks encountered wth thicker gate
i nsul ator counterparts. This invention will describe a nethod of formng a

gat e di el eghd presdnfieEntionatldfes Rdmethsdftse8td fabli€sic YREE&IdictoLdNGRE aRPMBR:
penetration froman overlying polysilicon gate structure, as well as

{;ﬁ'g‘;f ﬁf;%ﬁgelgjr zggggeetgw R8%o faBFEatE £8Atk ARGy IRbEn RUEEH thifheliseT

and improved boron penetration characteristics.

(2) Description of Prior Art

Micro-miniaturization, or the ability to fabricate semiconductor devices with sub-micron
features, has allowed the performance of sub-micron devices to be increased while the fabrication
costs for these same devices have been reduced. The scaling down of semiconductor devices,
such as N channel metal oxide semiconductor (NMOS), and P channel (PMOS), elements of
complimentary metal oxide semiconductor (CMOS), has included the scaling down of the
thickness of the gate insulator layer. The use of thin gate insulator layers have however
presenting yield problems not encountered for counterpart devices comprised with thicker gate
insulator layers. For example thinner gate insulator layers such as silicon dioxide insulator
layers do not offer as much protection as thicker counterparts against boron penetration from
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boron penetration and reduced tunnelling current, is a silicon nitride -
silicon dioxide conposite insulator layer, formed via a novel process
.sequence that allows the desired scal ed down thickness to be realized.
Prior art such as Chhagan et al, in U S Pat. No. 6,277,716 Bl, Chau et al,
in US Pat. No. 5,908,313, Taft et al, in US. Pat. No. 5,441,914, and
Hurley, in U S. Pat. No. 6,350,708 Bl, describe nethods of formng silicon
nitride layers for various applications including use a gate insulator

| ayer. However none of the prior art describe the novel process sequence of
this present invention, in which a scaled down, silicon nitride - silicon
di oxi de conposite layer is fornmed. SUMVARY OF THE I NVENTION It is an object
of t hi sverlyitgrR iypedépgedipabsilicah gata s@ddngres] rauRBin & db@yddd datd inaudatpt lapaeiak ar y
metal 2 oxi de sem conductor (CMOS), applications, featuring resistance to

boron Reneg s O}Ba‘ﬂf‘déﬁi&éﬁ Sl QHRIY.! RhdRRIA @héjtﬂﬁﬁgn ga®Oin¥@htol B9Es Ak such
structure, fering a reduction in tunnelling current when conpared to

count easosaqog%&ﬁdﬁ F ok BUR L high bk S IO DS O 96 @fndflgisd@vent i on

to fabficate a s Pcon ni e conpo e ins or | ayer
for use as a 'ﬁﬂg | ectric is still another object of this
inventF%WuWBr e 1?e%ﬁ4q%8ﬂmﬂ¥?¥WH@m Ssi|icon dioxide gate dielectric

| ayer via deposition of a porous silicon rich, silicon nitride |ayer,

foll owed by an oxi dation procedure creating an underlying silicon dioxide

| ayer, andThisdunsstopueilt desamipnd methoé af foeminguasgate dielecioinddyer/featusingor ous
silicon nitride layer. In accordance with the present invention a nethod of
f abri celaratgeridticd Whetein réduced bsron p&ietraiemfreth @xiodler] g polghikdongiate strub@yss vi a a
process sequence in which the conposite gate dielectric layer is forned
with reduy ﬁ?f&dﬁéeﬁ%uﬂf@ll%rcgﬂeﬁe%tréeﬁ’ltzécp ThE "gﬁ’t@dﬁé‘(é’ciﬁé’l'a?& o¥Rtifg fHelrbifilckd €S, as

wel | as reduced tunnelling current, Is déescrib A porous silicon rlch
silico to owed
oy o or%ﬂezr%léﬁﬁrsa&sg@ﬂ@afslz«sr@g@%t PR g ol e
forned u orous, silicon rlchh llcon %}trlde 'fﬁ An annea
proce dlEF ator via a novel process sequence that allows the desired scaled down

t €ss

to be realized. Prior art such as Chhagan et al, in U.S. Pat. No. 6,277,716 B1, Chau et al, in
U.S. Pat. No. 5,908,313, Taft et al, in U.S. Pat. No. 5,441,914, and Hurley, in
U.S. Pat. No. 6,350,708 B1, describe methods of forming silicon nitride layers for various

applications including use a gate insulator layer. However none of the prior art describe the
novel

process sequence of this present invention, in which a scaled down, silicon nitride - silicon
dioxide

composite layer is formed.

SUMMARY OF THE INVENTION

It is an object of this invention to fabricate a gate dielectric layer for complimentary metal



performed in a nitrogen containing anbient, is next perfornmed for
densification of the porous silicon rich silicon nitride layer, as well as
. to renove the fixed charge located at the silicon dioxide - sem conduct or
substrate interface. Conductive gate structures, including P type doped,
pol ysilicon gate structures, are next fornmed on the conposite dielectric

| ayer conprised of densified silicon nitride on an underlying silicon

di oxi de | ayer. 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 enbodi nent
with reference to the attached drawi ngs that include: Figs. 1 - 4, which

S c hemadxidadeimicanductbnE M O8Y; tapplivationss) fdairig sesistinee kelyorsi peregaticefioth@n
fabrication of a silicon nitride - silicon dioxide gate dielectric |ayer,

wher ei &eﬁﬁ@‘b@bnﬁo@é&%’élﬁﬁi{éb‘&@ﬁ@sﬁmure,rﬁ%%ﬁ%ﬁn frddaétBr ineuliRg@uebmct ric
| ayer with reduced tunnelling current, and reduced risk of boron

penetraflo f I d polysilicon gate structure.

DESCRI g%n&%gﬁﬁégﬁmg%fﬁﬂl The nethod of formng a silicon
nitride - silicon dioxide gate dielectric |ayer via a process sequence

al l owi ng reduced gate tunnelling current to _be realized, inp addition to
present | ngltga&aawrabmt Lt‘gwmth%tﬁ&b&ﬁatséﬁ@w%mt%#T%%H oX¥¢er | yi ng boron
doped ¥HMIBP§IE i con gate structure, will now be described in detail.

Sem conductor substrate 1, conprised of P type single crystalline silicon,

f eat urinsujatar lay@dor waeys & ghlecliplegtrid leyar i ent ation, is used and schematically
shown in Fig. 1. Porous, or low density silicon nitride |layer 2a, a silicon
rich silicon nitride layer, is next deposited 4 on semn conduct or

substrate fis ¥l ahothbi S8§88 S8 tHEMVERION IO Rt tADsiliCor3M N39S icBAioxidedateOW
pressure chem cal vapor deposition (LPCVD), or via plasma enhanced chem cal

o i REREE Wt HEpodton PR fhon AR PROTFRANTRIE, RBORALEL & RO Pl

oxi dation procedure to.forma thin ﬁjligon.dioxide | ayer on .
oxidation procedure creating an underlying silicon dioxide layer, and a subsequent ammonia

treatment used to densify the porous silicon nitride layer.

In accordance with the present invention a method of fabricating a silicon nitride - silicon

dioxide gate dielectric layer via a process sequence in which the composite gate dielectric layer is

formed with reduced risk of boron penetration from overlying gate structures, as well as reduced
tunnelling current, is described. A porous silicon rich silicon nitride layer is deposited on a
semiconductor substrate, followed by a thermal oxidation procedure resulting in a thin silicon

dioxide layer formed underlying the porous silicon rich silicon nitride layer, An anneal
procedure,

performed in a nitrogen containing ambient, is next performed for densification of the porous

silicon rich silicon nitride layer, as well as to remove the fixed charge located at the silicon
dioxide

- semiconductor substrate interface. Conductive gate structures, including P type doped,

3



t he sem conductor surface, via diffusion of oxygen through the porous
regions of the silicon nitride |layer, thus specific silicon nitride

. deposition conditions are needed. Therefore porous, silicon rich silicon
nitride |layer 2a, schematically shown in Fig. 1, is deposited at a
tenperature between about 750 to 900 C, at a pressure between about 30 to
50 torr using between about 1 to 5 sccmof SiH4, and between about 300 to
600 sccm of nitrogen. A thermal oxidation procedure, perfornmed at a

t enper ature between about 900 to 1050 C, is next perfornmed in an oxygen
anbient, resulting in the growmh of silicon dioxide |ayer 3, on

sem conduct or substrate 1, underlying porous silicon nitride |ayer 2a. This
i's schenmdilicoalghte saliewres, die fréxg forthed Dhehepahgmbity diefecisic layepcomprised d¢ | ayer 2a,
al | oned oxygen to reach the surface of sem conductor substrate 1, resulting
i Nt hegegkiEel 5i1iedn &kﬁde%”ancﬂnﬁ Oﬁﬁg LBYAS didkid@fayér. t hi ckness between about 2 to
10 Angstrons. An anneal procedure is next perforned to densify porous
silicon nitride layer 2a, as well as to renove fixed oxi de charges | ocated
at the silicon dioxide - sem conductor interface. A first cycle of the
anneal procedure is perforned at a tenperature between about 800 to 1100 C,
in an NH3 - NO anbient, for tween about 30 to 150 sec. The first anneal
cycle densities porou?RIEEﬂES@&{PHQN pEeTIﬂ%?&AWéN Sesul ti ng in a densified
or | ess perneable, silicon nitride layer 2b. Silicon nitride |ayer 2b, now
is stoichionmetrically conprised as 513N4. A second cycle of the anneal
procedur e Tl ghgect endretticraddvantbgespé that inventioe tavestest ddsariied IO €@ frefeddd0 C, in an
i nert anbient such as nitrogen or argon, allowing the fixed positive charge
| ocat eghiidirhéif? wiihl refefdhcél toOtke B@achs@BiaGapd ek @ichelgbst rate interf ace,

occurring as a result of the previously perfornmed thermal oxidation
procedure, to be reduced. Thus a gate dielectric |ayer conprised of

densi fi edeﬁg% dh&éhrécﬁ&nétﬁéﬁy nzé?o %&{o!;%fr%g%ﬁééchﬁfﬁ ﬂt%& f&dlmyer 3.

shown sch ica Iy I'n Been Ve process

of . Skbfeaian ol b ek P e RIS el S GRS PGPSRy cho

porous silicon nitride |ayer, and densification of the porous silicon
nitri cedrangewas gmaloyest tegfpims thegptegliclecteie layer wihsregucedriunne ingrfyEERty iy gat e
dielectric layer is next addressed and schematically described using Fig.
4. A pellyei risk ofibdray penetrdogrefifomian lovertyingnbaren degedgiotysdicon gate structure.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The method of forming a silicon nitride - silicon dioxide gate dielectric layer via a process
sequence allowing reduced gate tunnelling current to be realized, in addition to presenting a
barrier to eliminate boron penetration from an overlying boron doped polysilicon gate structure,
will now be described in detail. Semiconductor substrate 1, comprised of P type single crystalline
silicon, featuring a <100> crystallographic orientation, is used and schematically shown in Fig. 1.

Porous, or low density silicon nitride layer 2a, a silicon rich silicon nitride layer, is next
deposited



LPCVD procedures at a thickness between about 500 to 3000 Angstroms. For
purposes of this invention the polysilicon |ayer will be doped with boron

. for attainment of a specific work function and thus a specific threshold
vol tage. However if desired the polysilicon |layer can be doped N type. A
phot or esi st shape, not shown in the draw ngs, is used as an etch mask

all owi ng an ani sotropic reactive ion etching (RIE), procedure to define
gate structure 4. The RIE procedure is perforned using C2 as an etchant
for polysilicon, with an over etch cycle used to renove regions of silicon
nitride |layer 2b, not covered by the photoresist shape or by gate structure
4. 6 Renoval of the photoresist shape is acconplished via plasnma oxygen

ashi ngo@BdisEiducioe subsiite d LU tBiknekb BetiveBDatdut 0 to OARREoA, wa ldweon di oxi de
| ayer 3, not covered by gate structure 4, is acconplished during a buffered

hydr of fé&’{]&&c}féﬁii&l oY eﬁr%eéﬁsu%o'ﬂQLﬁ@iJ | &35 Eé?ﬁeﬁéﬂﬁﬁﬁcedxﬁﬁﬂﬂ R BrcﬂH gGAaSS! Ng

steps sSuch as sourc /dra I’I'TB.'[I pert or nec rat res, can

result g net r.at i t Qron dope i cO te

o5 ] SRR R B O Bl 09159 B9 By
characterlstlcs of the channel region, adversel |nfluenC|n devi ce

par amet'Bicd v 3llgwarsybspghe theymal %ﬂf@geﬁe@cequrﬁ@r%maémnﬁ Icre ipxHiedpXege | ayer
2b, preW¥ented occurrence of this undesirable phenonena. Wile this

i nvention has been particularly shown and described with reference to, the
pr ef er thedemivoodictersugfadeheiaeloffysidan ofwixlygenisbroughll the pomoid régjortshod shee silkdonl ed i n

t he ar hittideslhyerahuospecitioailiges nitridd deposidntcatditaink aremeyddde Theréorapodionst

qeparting fromthe spirit and scope of this invention. What is clained
is: 1. sificotidPdli@h di@ideldyer 2, GQEﬁﬁﬁbatlEr sH&W# 1rfiF1§| I3Ci§ &ép%sﬂte’@)&?% té?ﬁ'pe@ature
seni conduct or substrate, conprising the steps 6f: depositing a first

di el eCBéth%eA Sbel 7%0%‘)0&5& Tp?&%g BL¥eerd Hlpo%tt EfﬂoeSO torr, using between about 1

to 5 sccm of SiHy, and between about 300 to 600 sccm of nitrogen.

A thermal oxidation procedure, performed at a temperature between about 900 to 1050° C,
is next performed in an oxygen ambient, resulting in the growth of silicon dioxide layer 3, on

semiconductor substrate 1, underlying porous silicon nitride layer 2a. This is schematically
shown

in Fig. 2. The porosity of silicon nitride layer 2a, allowed oxygen to reach the surface of
semiconductor substrate 1, resulting in the growth of silicon dioxide layer 3, at a thickness

between about 2 to 10 Angstroms,

An anneal procedure is next performed to densify porous silicon nitride layer 2a, as well as
to remove fixed oxide charges located at the silicon dioxide - semiconductor interface. A first
cycle of the anneal procedure is performed at a temperature between about 800 to 1100° C, in

an NH; - NO ambient, for between about 30 to 150 sec. The first anneal cycle densifies porous



perform ng a thernmal oxidation procedure to froma second dielectric |ayer
on said 5 sem conductor substrate, underlying said first dielectric |ayer;

. perform ng an anneal procedure resulting in said conposite gate dielectric
| ayer conprised of a densified first dielectric |ayer overlying said second
dielectric layer; and form ng a conductive gate structure on said conposite
gate dielectric layer. 2. The nethod of claiml1l, wherein said first
dielectric layer is a porous, silicon rich 10 silicon nitride |ayer, at a

t hi ckness between about 10 to 30 Angstronms. 3. The nmethod of claim 2,
wherein said porous, silicon rich silicon nitride layer is obtained via a

| ow pr silicon eitrizle dayiet 24, resaping il e demsifiddar 1€sk Peivighblepdiliconanitaidp laentb. eSiliesic ed
chem cal vapor deposition (PECVD), procedure, perfornmed at a tenperature

bet weepit@Raber 26 hdwis %Q)@ch@métﬁcd‘}ly cEH@nE@ltaﬂ@il; f ACdcBbil cledTicLinAedai d

porous, silicon Tich silicon nitride | ayer is obt ai ned via LPCVD or PECVD
pr oced en
Bbout HSRElaEamAneR gkt tefiyiun S6GI 000 8 {18 ¢, Bl Sl BLBTIGED,
second di.electric |la i con di oxi yer. a_thickness between
2bout 3 RO Atk Dringhe fied hes Praedrcaleh e GHisPa i a5 T oon

di oxi de layer is obtained via a thermal oxidation procedure(gerforned at a
t enper seigendyetopbatrap dnierfayepopwringspa suly of the previqusyeppriasdtheit®]  wher ei n
said silicon dioxide |layer is obtained via a thermal oxidation procedure
per f or oxdation procedrrggerbeapdicedit Thus aGateldidectst hayer @inprised of densifieé sidicon a fi r st

cycle of said anneal procedure is perforned at a tenperature between about

800 t onikidQayer 26, ovEFigingeilides diekide &N, khowh edtRhvatidallyiif Fig. 8ykdsdeei sai d
anneal fpmegedure is perfornmed in an NH3 - NO anbient. 10. The nethod of
claim1l1, wherein a first cycle of said anneal procedure is perfornmed 10 for

ati ”evig?ﬁev\ﬁ)%(}e &Q)QQSE sg’cﬂle}lé)e, }egg.lrﬁlg%eposition of a porous silicon nitride layer, formation
of

a silicon dioxide layer on the semiconductor surface, overlying the porous silicon nitride layer,
and

densification of the porous silicon nitride layer.

The formation of gate structure 4, on the underlying gate dielectric layer is next addressed
and schematically described using Fig. 4. A polysilicon layer, doped with boron is deposited via
LPCVD procedures at a thickness between about 500 to 3000 Angstroms. For purposes of this

invention the polysilicon layer will be doped with boron for attainment of a specific work
function

and thus a specific threshold voltage. However if desired the polysilicon layer can be doped N
type. A photoresist shape, not shown in the drawings, is used as an etch mask allowing an
anisotropic reactive ion etching (RIE), procedure to define gate structure 4. The RIE procedure
is performed using Cl, as an etchant for polysilicon, with an over etch cycle used to remove

regions of silicon nitride layer 2b, not covered by the photoresist shape or by gate structure 4.
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11. The method of claim1l, wherein a second cycle of said anneal procedure
is performed at a tenperature between about 1000 to 1100 C. 12. The net hod

. of claim1, wherein a second cycle of said anneal procedure is performed in

a nitrogen or argon anmbient. 9 15 13. The nethod of claim 1, wherein said
conductive gate structure is a boron doped, polysilicon gate structure. 14.
The nmethod of claim1l, wherein said conductive gate structure is an N type
doped, polysilicon gate structure. 10 15. A nmethod of formng a silicon
nitride - silicon dioxide conposite gate dielectric |ayer on a

sem conductor substrate, conprising the steps of 5 sem conductor substrate,
underlying said porous, silicon rich silicon nitride |layer; performng an

anneal Rehe¢ dEthe photoftRREiHaye KalCbrRNIsAbtPvia ?ialsﬂnﬁ ORygdenGbhifg had@Bt ddahr | de | ayer
resulting in a densified silicon nitride [ayer on said silicon dioxide

I : ; 1 _ ot ; D Ctride -
11§ copRERtua, Thb terfouiPbdiShiohf Xy B Qi deelalbEndldorabdibrant bl IS0
di oxi de. 10 hogd ,of cl ai m 15,

nitride |ayer sai d, si.licon | ayer. 16, The net
wher of frea R aongd AuiEE & bitfereE R iR e Y el Sleap BB Rrin o
t hi ckness between about 10 to 30 Angstrons, via, LPCVD or via PECVD
pr oc edRfPessIng stepsrsiich 3p sopser/ Gpindprpationsperigrasdathigh e mppgheess candesuldBn ri ch
silicon nitride layer is 15 obtained via LPCVD or via PECVD procedures at a
t enper baron perstraigremomishr bords donred pODBiligHn gate structure, through thin silicon dioxide

layer 3, altering the dopant characteristics of the channel region, adversely influencing device

parameters and performance. The presence of densified silicon nitride layer 2b, prevented

occurrence of this undesirable phenomena.

While this invention has been particularly shown and described with reference to, the
preferred embodiments thereof, it will be understood by those skilled in the art that various

changes in form and details may be made without departing from the spirit and scope of this

invention.



18. The nmet hod of claim 15, wherein said porous, silicon rich silicon
nitride |layer is obtained via LPCVD or PECVD procedures using between about
1to 5 sccmof SiH4, and between about 300 to 600 sccm of nitrogen. 19. The
met hod of claim 15, wherein the thickness of said silicon dioxide |ayer is
bet ween about 2 to 10 Angstrons. 11 18. The nethod of claim 15, wherein
said porous, silicon rich silicon nitride layer is obtained via LPCVD or
PECVD procedures using between about 1 to 5 sccmof SiH4, and between about
300 to 600 sccmof nitrogen. 19. The nethod of claim 15, wherein the

t hi ckness of said silicon dioxide |ayer is between about 2 to 10 Angstrons.
20. The nmethod of claim 15, wherein said silicon dioxide |ayer is obtained
via a Wwhat Relaiged dat i on second procedure performed at a tenperature between
about 900 to 1050 C. 5 21. The nethod of claim15, wherein said silicon

di oxide layer is obtained via a thermal oxidation procedure performed in an
oxygen anbient. 22. The nethod of claim 15, wherein a first cycle of said
anneal procedure, used to densify said porous, silicon rich silicon nitride
| ayer, is perfornmed at a tenperature between about 800 to 1100 C. 10 23.
The nethod of claim 15, wherein a first cycle of said anneal procedure,
used to densi 4 mehad forsag a gpmpesp spte éw@cmq layss oRiarsemgrenAugyer substeate,
performed in an NH3 - NO anbient. 24. The nethod of claim 15, wherein a
first cycle cbmpasidgsherséeps ofr ocedure, used to densify said porous, silicon
rich silicon nitride layer, is perforned for a tinme between 15 about 30 to
150 sec. 12 depositing a first dielectric layer on said semiconductor substrate;

performing a thermal oxidation procedure to from a second dielectric layer on said
5 semiconductor substrate, underlying said first dielectric layer;
performing an anneal procedure resulting in said composite gate dielectric layer
comprised of a densified first dielectric layer overlying said second dielectric layer; and

forming a conductive gate structure on said composite gate dielectric layer.

2. The method of claim 1, wherein said first dielectric layer is a porous, silicon rich

10 silicon nitride layer, at a thickness between about 10 to 30 Angstroms.

3. The method of claim 2, wherein said porous, silicon rich silicon nitride layer is
obtained via a low pressure chemical vapor deposition (LPCVD), or via a plasma
enhanced chemical vapor deposition (PECVD), procedure, performed at a temperature

between about 750 to 900° C.

15 4. The method of claim 2, wherein said porous, silicon rich silicon nitride layer is

obtained via LPCVD or PECVD procedures using between about 1 to 5 sccm of SiH,,



25. The nethod of claim 1, wherein a second cycle of said anneal procedure,
used to reduce fixed charge at the silicon dioxide - sem conductor

. substrate interface, is perfornmed at a tenperature between about 1000 to
1100 C, in a nitrogen or argon anbient. 5 26. The nethod of claim 15,
wherein said polysilicon gate structure is a boron doped, polysilicon gate
structure. 27. The nethod of claim 15, wherein said polysilicon gate
structure is an N type doped, polysilicon gate structure. 13 .AS A . A

A LA A A9 A DA LAAY LAS A@ >tlt%m2VS |
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tli K ,,M10% & ()-1t!10% & () :10% & ()-10% & ()-S&10% & () - |

oxidation procedure performed in an oxygen ambient.

]
>
5 8. The method of claim 1, wherein a first cycle of said anneal procedure is performed at

a temperature between about 800 to 1100° C.

9. The method of claim 1, wherein a first cycle of said anneal procedure is performed in

an NH; - NO ambient.

10. The method of claim 1, wherein a first cycle of said anneal procedure is performed

10 for a time between about 30 to 150 sec.

11. The method of claim 1, wherein a second cycle of said anneal procedure is

performed at a temperature between about 1000 to 1100°C.

12. The method of claim 1, wherein a second cycle of said anneal procedure is

performed in a nitrogen or argon ambient.



10% & ()-S10% & ()-1t%lE,, M10% & , 1 +110% & ()-, @Z"10% & ()-,"  #10% & () -
$ 10% & ()-,! 10% & ()-,fglo% & ()-%2dE:/ 10/
10/s:10% & ()- ,&6!'10% & ()-,3M10% & ()-1"10% & ()-,/ 10% & ()-, -
10% & ()-VS xY:/ 10/, #10% ()-109%&' ()- @109 ()- @3"109%&' () - @
, #109&' () -, T#H109&' ()- 10/ j O:dE/ 10/,,%:!'10%& ()-, " nmlO%& () -,
F109%&' ()-,yz 109 ()-,L-#10%& ()-, "10% ()-: 8 dE:/ 10
10@Bs109%&' ()-5 109 ()-1Y 109%& ()-,-109%& ()-,L*M 109 ()-, & ! 109%&' () -
Z% V7! 10Y&S 109B& ()--109B& ()-!N1OYBB& ()-f 109B& () - 9#109B& () -
m' 1098& ()- 10@ >dE7/
15 13. The method of claim 1, wherein said conductive gate structure is a boron doped,

polysilicon gate structure.

14. The method of claim 1, wherein said conductive gate structure is an N type doped,

polysilicon gate structure.
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"109B&' ()-y!109B&' ()- W& ()dYNC 10B 10B 10B 10BS8109%B& () -

109B& () - 1#109B& () -/ #109B&' () - - #10%B&' ()-): ZAEYNC 10B

@10%& ()-@"10%& ()- @ 10%& ()- @! 109& ()- @ #109%&' ()-@ 109K ()-]WIEYNC

10B @&
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Lt xy:/ 10, " f n(a)senha&%r&téx)subaxﬁh‘if&céﬂq nﬁﬁglﬁf’e’&teba of:9! 10%& ()-, #10%& ()-

10" mi' " 8#k##) $dE: / 10, , &g#10%& ()-|#l 10%%

T109& (5) 22 Jsgrﬁzﬁéo(léiuot illgs{ﬁté( lmder a{d)rﬁo}ﬁﬂ; (fi]rigé’ggll{con nitride layer;

10, , 4! 10%&' (0)- 1" 109%& ( F10%& 109&
ig%& (- 3( %Qr (n)lg A procegure Jfo densi]f9 g/g{lgL p&)ous, sﬁfé(l)r(i) %"cﬁ‘ s&%oﬂ flll'}{‘ll(i]' 0% & () -

layer resulting in a densified silicon nitride layer on said silicon dioxide layer; and
forming a polysilicon gate structure on said silicon nitride - silicon dioxide gate
dielectric layer comprised of said densified silicon nitride layer on said silicon dioxide

10 layer.

16. The method of claim 15, wherein said porous, silicon rich silicon nitride layer is
obtained, at a thickness between about 10 to 30 Angstroms, via LPCVD or via

PECVD procedures.

17. The method of claim 15, wherein said porous, silicon rich silicon nitride layer is
15 obtained via LPCVD or via PECVD procedures at a temperature between about 750

to 900° C.

18. The method of claim 15, wherein said porous, silicon rich silicon nitride layer is
obtained via LPCVD or PECVD procedures using between about 1 to 5 sccm of SiHy,

and between about 300 to 600 sccm of nitrogen.

19. The method of claim 15, wherein the thickness of said silicon dioxide layer is

between about 2 to 10 Angstroms.
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+#+h+++0, , dEbC 10

10%' ()-YALO0%&' ()-, @O0%&' ()-L109%& ()-10%& ()-10%& ()-,,P---?..dEbC

10-109&' ()-1+10%& ()-S)10%& ()- @&L109& ()-#109%& ()- s109%& ()-../VIWX/ Y///bC

10F 109& ()- 109% ()- 10 10 105109&' ()-S29!109%& ()-/

10%& ()-/00001GLl1dEbC

10f | #109%&' () - 3109%&' () - Z109%& () - 109&' ()-Z109& ()-s109%& ()-11' 2<2223dEbC

10, 10%&' ()-yS)10%&' ()-& 109 ()-$-10%& ()-!-

10%& () - mMLOYER (The3hBSBS M Cwhereinlddid orbus; sififonlfich silicon nitride layer is

10@Bs109%&' ()-4MLOY&' ()-110% ()-. 109 ()-4644444445xnbC 10 10%& ()- 10t
obtained via LPCVD or PECVD procedures using between about 1 to 5 sccm of SiHy,

and between about 300 to 600 sccm of nitrogen.

19. The method of claim 15, wherein the thickness of said silicon dioxide layer is

between about 2 to 10 Angstroms.

20. The method of claim 15, wherein said silicon dioxide layer is obtained via a thermal

oxidation second procedure performed at a temperature between about 900 to 1050° C.

5 21. The method of claim 15, wherein said silicon dioxide layer is obtained via a thermal

oxidation procedure performed in an oxygen ambient.

22. The method of claim 15, wherein a first cycle of said anneal procedure, used to
densify said porous, silicon rich silicon nitride layer, is performed at a temperature

between about 800 to 1100° C.

10 23. The method of claim 15, wherein a first cycle of said anneal procedure, used to
densify said porous, silicon rich silicon nitride layer, is performed in an NH; - NO

ambient.

24. The method of claim 15, wherein a first cycle of said anneal procedure, used to
densify said porous, silicon rich silicon nitride layer, is performed for a time between

15 about 30 to 150 sec.
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5 26. The method of claim 15, wherein said polysilicon gate structure is a boron doped,

polysilicon gate structure.

27. The method of claim 15, wherein said polysilicon gate structure is an N type doped,

polysilicon gate structure.
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