2 3 MAY 2006 A METHOD OF FABRI CATI NG A GATE DI ELECTRI C LAYER W TH REDUCED
GATE TUNNELLI NG CURRENT AND REDUCED BORON PENETRATI ON BACKGROUND OF THE

I NVENTION (1) Field of the Invention The present invention relates to

nmet hods used to fabricate sem conductor devices and nore specifically to a
met hod used to fabricate a gate dielectric layer offering rqucggézn
tunnelling current and inproved boron penetration characteristics. 9@)
Description of Prior Art Mcro-mniaturization, or the ability to fabricate
sem conductor devices with sub-mcron features, has allowed the

per f or manc@ WMETHOD OF FABRICAVITNESA (GA [e DIFICE €Bslet, MFEReWT g REIMUCERt | on
costs for these sane devices have been reduced. The scaling down of
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and P channe conplinmentary netal oxide sem conduct or
(CMOXS), has included the scaling down of the thickness of the gate
i nsul ator |ayer. The use of thin gate insulator |ayers have however

presenting yield problens not encountered for counterpart devices conprised
with thicker gate i nsBA&RSIROENEQF THE INKEWHON t hi nner gate insul ator

| ayers such as silicon dioxide insulator |ayers do not offer as much
protection as thicker counterparts against boron penetration from1

(1) Field of the Invention

The present invention relates to methods used to fabricate semiconductor devices and more

specifically to a method used to fabricate a gate dielectric layer offering reduced tunnelling
current

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 vield 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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2_3JNAY 2006 overlying P type doped polysilicon gate structures, resulting
’n a degraded gate insulator |layer as well as a dopant depleted gate

.“structure. In addition the thinner gate insulator |ayers, again such as

silicon dioxide, present a greater risk of high gate tunnelling currents,
than tunnelling risks encountered wth thicker gate insul ator
counterparts. This invention wll describe a nmethod of f@ripMgy ajigat e
dielectric layer featuring characteristics wherein reduced boron
penetration froman overlying polysilicon gate structure, as well as
reduced tunnelling current, are realized. The gate dielectric |ayer

offeri N *Agtp; f?dU&op%d E RLRR.PEREL: b0 A0 %95‘8%%&& IO 6t i S

asili® e con d e coﬁp05|t I ns ato a er, fornmed via a
novel cess seque ce that allo ed sc 0 thlckne S to be
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Chart et al, in US. Pat. No. 5,908,313, Taft et al, in US. Pat,

5, 441, Giksilicon depxides p@yentnargrqatesnslpafhlgmate@r@s@ngew"f@is ﬂ&éé@ﬁ@l&@gﬁﬁkhods of

forming silicon nitride layers for various applications including use a
gat e | aisuinatred withykickertdatva el atoranentofpatthe pri or art descri be the novel
process sequence of this present invention, in which a scaled down, silicon
nitride - silicon dioxide conposite layer is forned. SUWARY OF THE
I NVENTI ON 1yi5 invention will describe a method of forming a gate dielectric layer featuring

characteristics wherein reduced boron penctration from an overlying polysilicon gate structure, as

well as reduced tunnelling current, are realized. The gate dielectric layer offering the reduced

boron penetration and reduced tunnelling current, is a silicon nitride - silicon dioxide composite

insulator layer, formed via a novel process sequence that allows the desired scaled down
thickness

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, siticon 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




It is an object of this invention to fabricate a gate dielectric |ayer for
conplinentary netal 2 2 3 MAY 2006 oxi de sem conduct or ( CMOS)

applications, featuring resistance to boron penetration fr rlying
boron doped, polysilicon gate structure, and offering a réﬁﬁlﬁﬁ%nﬁmﬁ

tunnelling current when conpared to counterpart gate dielectric layers. It
is another object of this invention to fabricate a silicon nitride -
silicon dioxide conposite insulator layer for use as a gate dielectric
layer. It is still another object of this invention to formthe silicon

Nitri de: o sinkd 1S isHsefe8@bihd feslsMES to\HorordeResatidndronofn @ por ous
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Icon nitride |ayer, owed by an oxidation procedure

creating,an under.ying .si.l.i..con.dj oxi - amrmni a
treatﬁﬁ%@wﬁ% @“Pgoéﬁkgwy§h?%ﬁg%%$§é§9§ﬁb?é@%ﬁ%ﬁtr? é%PgégﬁgapﬁgaccoPdance
with the present invention a ne@hod of fabricating a silicon nitride -

si | i covhengppppge iQeauateapal $¢ PpleciisdaESyi a a process sequence in which the
conposite gate dielectric layer is fornmed with reduced risk of boron
penetration fromoverlying gate structures, as well as reduced tunnelling
current, ilsisdeshei dgett ohpoinoesiositd fabdpate i siticei hitredsn silicopidgxideayer i s
deposichgfposife @ sem conductor substrate, followed by a thermal oxidation
procedure resulting in a thin silicon dioxide |ayer fornmed underlying the

por ous, Sl C@Pk: ThGRe 8 4 k&0 Biclickid d@r] ayer. An anneal  procedure,
It is still another object of this invention to form the silicon nitride - silicon dioxide gate
dielectric layer via deposition of a porous silicon rich, silicon nitride layer, followed by an
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,
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perfoormed in a nitrogen containing anbient, is next perfornmed for
densification of the porous silicon rich silicon nitride |ayer, as well as
to remove the fixed charge |ocated at the silicon dioxidg 3 ﬁgpgﬁ duct or
substrate interface. Conductive gate structures, including P typ ped, 3
2 3 MAY 2006 polysilicon gate structures, are next formed on the conposite
dielectric layer conprised of densified silicon nitride on an underlying
silicon dioxide |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 draw ngs that include: Figs. 1 -

4, m:upél}sﬁﬁgffg%% %@?Jt&r}és !apzl RAPRINSESH hfé%lsnlplééii@ BIB886 B okBYissd ges used

for ric a silicon nitride - i con dioxide gate dielectric

| ayer,, wherei.n a novel process. seguence. npl oyed to formthe gate
di el eé’f’?&’lﬂge‘fsé o s op &g ﬁe‘gedlsyf%sﬁlcéhoflidg%m%\%%}’%ht , and reduced risk of
boron penetration froman overlying boron doped polysilicon gate structure.
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The nethod of forming a silicon
nitride - silicon dioxide gate dielectric |ayer via a process seguence
all owi ng reduced gate tunnelling current to be realized, in addition to
presenting a barri er BRIEEEDESCRAREODOOS THIRPRAVEINGR from an overlying
boron doped polysilicon gate structure, wll now be described in detail.
Sem conductor substrate 1, conprised of P type single crystalline

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

embodiment with reference to the attached drawings that include:

Figs. 1 - 4, which schematically in cross-sectional style describe key stages used for
fabrication of a silicon nitride - silicon dioxide gate dielectric layer, wherein a novel process
sequence was employed to form the gate dielectric layer with reduced tunnelling current, and

reduced risk of boron penetration from an overlying boron doped polysilicon 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




silicon, featuring a <100> crystallographic orientation, is used and
schematically shown in Fig. 1. Porous, or low density silicon nitride |ayer
2a, a silicon rich silicon nitride layer, is next deposi te? g Y 2006
on sem conductor substrate 1, at a thickness between about I0 tﬁmé@
Angstrons, via |low pressure chem cal vapor deposition (LPCVD), or via

pl asma enhanced chem cal vapor deposition (PECVD), procedures. The
objective is to forma porous, or |low density silicon nitride |ayer which
will allow a subsequent thermal oxidation procedure to forma thin silicon
di oxi de | ayer on the sem conductor surface, via diffusion of oxygen through

Llh ? " ipgpgxos(%%lé%ogllg%agrssugétraé%]F,.a?L bl GQRss H&%ée@%ﬁ%ﬁQb@é 30 9-\}?1%§tr(§19§ Gif b Silicon

ion con i ons are neede erefore porous, silicon rich

silicon nitride | ayer 2a, .sch ically. shown in Fig., 1. i Ik at a
t enperRAEHE Cheg: C\?\E%aﬁo %e(ﬁﬁf‘a?%gmt%%vég@r éap g GB}?aélggcg?hf ng%%i&%@cﬁ%g Aosht 0%30 to
50 torr, using between about 1 to 5 sccmof SiH4, and between about 300 to
600 sdBRCHDmproeesties. The ettirstivals e prame PHFALH PORSHELY PHFITOMHIE 18t o

t enperature between about 900 to 1050 C, is next perfornmed in an oxygen
anmbi envhich eslihiidwg sitsedueet themvel hxiditis procwnredd doridethimsgibeoradiopde layer

sem caopductor substrate 1, underlying porous silicon nitride layer 2a. This
is schematically shown in Fig. 2. The porosity of silicon nitride |ayer

2a, aly,oued e8P tBict QAL i ffulien 954368 tRbugh 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 temperature

between about 750 to 900° C, at a pressure between about 30 to 50 torr, using between about 1

to 5 scem of SiHg, and between about 300 to 600 scom 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




sem conductor substrate 1, resulting in the growh of silicon dioxide |ayer
3, at a thickness between about 2 to 10 Angstroms. An anneal procedure is
next perfornmed to density porous silicon nitride layer 2a, as well as to
remove fixed oxide charges |ocated at the silicon dioxide ; sem conductor
interface. Afirst «cycle of the anneal procedure is perfo?ﬁb@MHtZﬁm

t enper at ure between about 800 to 1100 C, in an NH3 - NO anbient, for

bet ween about 30 to 150 see. The first anneal cycle densifies porous 5 2 3
MAY 2006 silicon nitride layer 2a, resulting in a densified or |ess

per meah) &, Pﬁllulié ?é} Al fegﬁlﬁﬁ%gna%cgéh%ii%@d ordeld (PR eath, tsﬂﬂclgl‘?nﬂtﬁdéqﬁyez bb. BaWohS

st oi Cgl onetrica fy conpris 3N4. A second cycl e of the anneal
procedure |s rforned at. a tenperature . betwgen C, in an
Pnert i b e oo Pl EATS P8 RSP RE AR AP e a0,
charge located at the silicon dioxide - semcon .Substrate.ipterface,
occur mresgdurs inpertosued algt R 2B L THER) iPOBfeﬁﬂﬁ rt‘Frg E&% % PhaE me%ﬁ'inglzfpp%ﬁﬁ
procedure, to be reduced. Thus a gate dielectric |ayer conprised of

densi fa airogbh bicorgon, nilowingehd Gxcalrpositive ohesge drated alithe bepndlionflele | ayer 3,

shown schematically in Fig. 3, has been fornmed via the above process
sequenredicoh@atdisubgrateipasiatd, otcudfingasparatisofahd previnusly perfatmed gieemal f or mati on
of a silicon dioxide layer on the sem conductor surface, overlying the

POr OUg,, &alib B cEE, 118 Be tANES:. THAVE gate dielectric layer comprised of densified silicon

nitride layer 2b, overlying silicon dioxide layer 3, shown schematically in Fig. 3, has been
formed

via the above process sequence, featuring deposition 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 Iayer.

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.

6




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 |ayer, doped with boron
is deposited via LPCVD procedures at a thickness between about 500 to 3000
Angstrons. For purposes of this invention the polysilicg? lﬂéﬁr w |l be
doped with boron for attainnment of a specific work funct'gn Likus a
specific threshold voltage. However if desired the polysilicon |ayer 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 def] t t t 4. The Rl E ' OF ed  Usi Cl12
et charoa pars erdtpERCHes § S eP R EF LR B AL TROHERAT, ol ons of
St ucipeEdies The SRS FouHoRTOURR iod NGB BeTRt G e i s 91 €

acconpl i shed via plasma oxygen ashing and wet clean procedures. The

r emov adccafiplishgd dwsngof buffareddnmlrafluoxic deid|cxgle pf e vigheleabRreretirpySupasaent
structure 4, is acconplished during a buffered hydrofluoric acid cycle of
t he Wajrodtk&ag sepoell iy eurdubsiedoreniion yreooessl 21 fightteppersiucts, e rspilirice/ dr ai n
formation, perforned at high tenperatures, can result in boron penetration

fromt ?orf);gén%{}at@&man BR 868 ddiRA PEBLIECST Fai€ bitlictire, tibOMOMI flicorsdibiicon
e

di oxi yer 3, altering the dopant characteristics of the channel
9O 3ty SR B AR FRURTR GRS BB osd hRge e
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.




occurrence of this undesirable phenonena. Wihile this invention has been
particularly shown and described with reference to, the preferred
enbodi ments thereof, it will be understood by those skilled in the art that
various changes in formand details may be made w thout departing fromthe
spirit and scope of this invention. 7 2 3 MAY 2006 What '3 clainmed is: 1.
A nethod of formng a conposite gate dielectric |ayer on jé MAYi 28mduct or
substrate, conprising the steps of: depositing a porous first dielectric
| ayer on said sem conductor substrate; performng a thernmal oxidation
procedure to froma second dielectric layer on said 5 sem conductor
substrate, underlying said first dielectric |layer; performng a tw step
anneal wizogedhihed wsherein a first cycle of said two step anneal procedure
is enployed to reduce porosity of said first dielectric layer while a
second cycle of said two step anneal procedure is enployed to reduce fixed
charge at |98§ﬁ&§g309h3§g&9a . fle it hRE ArIcQajRYSh and sai d sem conduct or
substrat e, resulting in said conposite gate dielectric |ayer conprised
of a densified first djielectric |ayer over
Cayer: and for igoR bl albibeopfite Rt
dielectric layer. . . , ) .
depositing a porous first dielectric layer on said semiconductor substrate;

g;gfng sai d second dielectric
ure on said conposite gate

performing a thermal oxidation procedure to from a second diclectric layer on said
5 semiconductor substrate, underlying said first dielectric layer;
performing a two step anneal procedure wherein a first cycle of said two step
anneal procedure is employed to reduce porosity of said first dielectric layer while a
second cycle of said two step anneal procedure is employed to reduce fixed
charge at interface of said second dielectric layer and said semiconductor substrate,
10 resulting in said composite gate dielectric layer comprised of a densified first dielectric
fayer 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 porous first dielectric layer is
silicon rich 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.




2. The nethod of claim1l1l, wherein said porous first dielectric layer is
silicon rich silicon nitride |layer, at a thickness between about 10 to 30
Angstromnms. 3. The method of claim2, wherein said porous silicon rich
silicon nitride layer is obtained via a | ow pressure chg ?Y @
deposition (LPCVD), or via a plasma enhanced chem cal vapo d%@ sition
(PECVD), procedure, perforned at a tenperature between about 750 to 900 C
8 2 3 MAY 2006 4. The method of claim2, wherein said porous, silicon rich
silicon nitride layer is obtained via LPCVD or PECVD procedures using

bet ween about | to 5 sccmof SiH4, and using between about 300 to 600 sccm
of nitrogen. 5. The nethod of claiml, wherein said second dielectric |ayer
is a silicon dioxide |layer at a thickness between about 2 to 10 Angstrons.

6. The met hadTkd methad BF Sainheriekdin Sall ois,isteon dicoxilider hiayRrajes obt ai ned
via a thermal oxidation procedure pertfornmed at a tenperature between about

900 to 1050" 1s%bta§ned1h§w@vw FHCED @fd&&mmg{gedem&ﬂlago@ il h 3R Hipxi de

| ayer is obtalne via a thernmal oxidation procedure performed in an oxygen

anbi ent . gp@cgaiﬁ%yabénéﬁﬁaéwﬂ%goﬁ?gﬁéﬁmxﬂ5?“ flrst cycle of said two

step anneal enper al e between about 800 to
1100 C.

5. The method of ¢laim [, wherein said second dielectric layer is a silicon

dioxide layer at a thickness between about 2 to 10 Angstroms.

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

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

7. The method of claim 5, wherein said silicon dioxide fayer is obtained via a

thermal oxidation procedure performed in an oxygen ambient.

8. The method of claim 1, wherein said first cycle of said two step

anneal procedure is performed at a temperature between about 800 to 1100° C.

9. The method of claim 1, wherein said first cycle of said two

step anneal procedure is performed in an NH; - NO ambient.

10. The method of claim 1, wherein said first cycle of said two

step anneal procedure is performed for a time between about 30 to 150 sec.

11. The method of claim 1, wherein said second cycle of said two

step anneal procedure is performed at a temperature between about 1000 to 1100° C.




9. The nethod of claim1l1l, wherein said first cycle of said two step anneal
procedure is perfornmed in an NH3 - NO anbient. 10. The nethod of claim1,
wherein said first cycle of said two step anneal procedure is perforned for
a tinme between about 30 to 150 sec. 11. The nethod of cladrd MAYW(Bpei n said
second cycle of said two step anneal procedure is perforned at a

t enper at ure between about 1000 to 1100 C. 9 2 3 MAY 2006 12. The net hod of
claim1l1, wherein said second cycle of said two step anneal procedure is
performed in a nitrogen or argon anbient. 13. The method of claiml,
wherein said conductive gate structure is a boron doped, polysilicon gate
structure. 14. The nethod of claim 1, wherein said conductive gate
structure is an N type doped, polysilicon gate structure. 15. A method of
form ng a sil iThemertiodrafdaim [swhéremnsaid sxbakecycengoesidttecgat e di el ectric | ayer
on a sem conductor substrate, conprising the steps of: depositing a

porous, sili geRakdeshratddl@ad piifdridcden b ANBEeOS: S@dnthns@itconduct or
substrate; 5 performing a thermal oxidation procedure to grow a silicon

di oxi de layer on said seniconductor substrate, underlying said porous,
silicon ri C[B.silhle e tcfa&nq g, lvgé(i%{n’ said conductive gate structure is a boron

doped, polysilicon gate structure.

14. The method of claim 1, wherein said conductive gate structure 15 an N type

doped, polysilicon gate structure.

15. A method of forming a silicon nitride - silicon dioxide composite
gate dielectric layer on a semiconductor substrate, comprising the steps of:
depositing a porous, silicon rich silicon nitride layer on said semiconductor
substrate;
5 performing a thermal oxidation procedure to grow a silicon dioxide layer on said
semiconductor substrate, underlying said porous, silicon rich silicon nitride layer;
performing a two step anneal procedure wherein a first cycle of said two step
anneal procedure is used to densify said porous, silicon rich silicon nitride layer and
while a second cycle of said two step anneal procedure is used to reduce fixed charge at
10 silicon dioxide - semiconductor interface, resulting in a densified silicon nitride tayer
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




performng a two step anneal procedure wherein a first cycle of said two
step anneal procedure is used to densify said porous, silicon rich silicon
nitride layer and while a second cycle of said two step anneal procedure
is used to reduce fixed charge at 10 silicon dioxide - s§w%ﬁp?ﬂmﬁtor
interface, resulting in a densified silicon nitride Iaygr 3 silicon
di oxi de |l ayer; and formng a polysilicon gate structure on said silicon
nitride - silicon dioxide gate dielectric |ayer conprised of said
densified silicon nitride |layer on said silicon dioxide 10 2 3 MAY 2006

| ayer. 16. The nmethod of claim 15, wherein said porous, silicon rich
silicon nitride layer is obtained, at a thickness between about 10 to 30
Angstrons, ViagetLPCVD or via PECVD procedures. 17. The nethod of claim 15,
wherein said porous, silicon rich silicon nitride |ayer is obtained via
LPCVD or via PECVD procedures at a tenperature between about 750 to 9000

C. 18. The netrhothetod ol sl 15, wihi&h 84l pSus sRHAMSK siSibd Ki@Rder i ch silicon
nitride layer is obtained via LPCVD or PECVD procedures using between about

1to 5 sccm et isﬁ%bm%qqg?&%]tﬂﬁkx\é%g Bﬁtgggrﬁgbo%p% {0030615319%?(%518'3,: \ﬁ{i %gg\’g)&% 19.

The net hod o ereint I ckness of s oxi de | ayer
PECVD procedures.

7. The method of claim 15, wherein said porous, silicon rich silicon nitride
layer is 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 | to 5 scem of

SiHs, and between about 300 to 600 scem 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
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is between about 2 to 10 Angstronms. 20. The nethod of claim 15, wherein
said silicon dioxide layer is obtained via a 11 2 3 MAY 2006 t her mal

oxi dation second procedure performed at a tenperature between about 900 to
10500 C. 21. The method of claim 15, wherein said siIicdgéPi igﬁ | ayer is
obtained via a thernmal oxidation procedure performed in. Bﬁyg Banbi ent .
22. The nethod of claim 15, wherein said first cycle of said two step
anneal procedure, used to densify said porous, silicon rich silicon nitride
| ayer, is performed at a tenperature between about 800 to 1100 C. 23. The
met hod of claim 15, wherein said first cycle of said two step anneal
procedure, used to densify said porous, silicon rich silicon nitride |ayer,
is perfor methdrmaboxiddddn secN@l ardoedmt perftmedhen wephotirobeteleai shoub900her ei n
said first cycle of said two step anneal procedure, used to densify said
porous, siliggnerich silicon nitride layer, is perforned for a tine

bet ween about 30 to 150 sec. 25. The nethod of claim1l, wherein said second
cycle of said two step anneal procedure, used to reduce fixed charge at the

si 1 con di oxi 4g o BRNEOAANGE Al SURSLASoh BLEIL358: is'oBicARLRf od at a

t enper at ur € bet ween abou

thermal oxidation procedure performed in an oxygen ambient.

22. The method of claim 15, wherein said first cycle of said two
step anneal procedure, used to densify said porous, silicon rich silicon nitride layer, is

performed at a temperature between about 800 to 1100° C.

23. The method of claim 15, wherein said first cycle of said two
step 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 said first cycle of said two
step anneal procedure, used to densify said porous, silicon rich silicon nitride layer, is

performed for a time between about 30 to 150 sec.

25. The method of claim f, wherein said second cycle of said two
step anneal procedure, used to reduce fixed charge at the silicon dioxide -
semiconductor substrate interface, is performed at a temperature between about 1000 to

1100° C, in a nitrogen or argon ambient.

26. The method of claim 15, wherein said polysilicon gate structure is a boron

12




1100 C, in a nitrogen or argon anmbient. 26. The nethod of claim 15, wherein
said polysilicon gate structure is a boron 12 2 3 MAY 2006 doped,
polysilicon gate structure. 27. The nethod of claim 15, wherein said
polysilicon gate structure is an N type doped, polysilicon gate structure.

13 2 3 MAY 2006

doped, polysilicon gate structure.
27. The method of claim 15, wherein said polysilicon gate structure 1s an N type

doped, polysilicon gate structure.
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