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JAVI NG HI GH RELI ABI LI TY . BACKGROUND OF THE | NVENTI (8¢%
(§) Field of the Invention The invention relates to the

fabrication of integrated circuit devices, and nore particularly, to a
+met hod of inproving gate oxide quality and reliability in the fabrication
of integrated circuits. (2) Description of the Prior Art

In the fabrication of integrated circuits, a gate dielectric, typically
silicon oxide, is grown on the surface qf a nonocrystalline silicon

sem conductor substrate. A polysilicon layer is deposited overlying the
gate oxi dEETHQR QF JHRRMNG énga’ SﬂBErrS%i(}@NI‘PX: TRARE D S Upon
i npl anting the gate polysilicon with boron or BFferr], boron ions can
penetrate the gate oxi de HAWSG BAGH RELAABREESHol d vol tage shift.
Nitriding the gate oxide |layer can prevent ion penetration. However,
nitrogen incorporation into the gate oxide will degrade reliability in

terns of charge-to- br%ﬁﬁﬂ&ﬂ%u&%‘ﬂ% &ﬁkeiﬁ$ﬁNTi6Nis desired to forma
nitrided gate

{1) Field of the Invention

The invention relates to the fabrication of
integrated circuit devices, and more particularly, to a
method of improving gate oxide quality and reliability in the

fabrication of integrated circuité.

(2) Description of the Prior Art

| In the fabrication of integrated circuits, a
gate dielectric, typically silicon oxide, is grown on the
surface of a monocrystalline silicon semiconductor substrate.
A polysilicon layer is deposited overlying the gate oxide
layer and patterned to form polysilicon géte electrodes.
Upon implanting the gate polysilicon with boron or BF=z, boron
ions can penetrate the gate oxide layer causing a threshold
voltage shift. Nitriding the gate oxide layer can prevent
ion penetration. However, nitrogen incorporation into the
gate oxide will degrade reliability in terms of charge-to-
breakdown value (Qva). It is desired to form a nitrided gate

dielectric, such as silicon oxynitride that will not degrade

Qna.
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dielectric, such as silicon oxynitride that will not degrade

2 Various patents describe nethods of formng gate
dielectric layers including silicon oxynitride. These include U S. Patent
5,407,870 to Ckada et al, U'S. Patent 5,464,792 to Tseng et al, U.S.
Patent 5,397,720 to Kwong et al, U S. Patent 5,464,783 to Kimet al, and
U S. ‘Patent 5,726,087 to Tseng et al. These patents teach nethods of
formng the oxynitride |ayers at atnospheric pressure (stated or inplied)
except for the patent to Kimet al which deposits silicon oxynitride by
chem cal vapor deposition (CvD) at 800 err]C and a pressure of 13
Pascal s, which is 0.1 toVMarious patents describe mejhadsy of- fommipQVENTI ON

Vey henodEea e Srtod SSEES! har Dy Bt boeot qubhiiatasl Ghise!ve and
oxi de. qual TR BrSvenatR T re 20peREd: te FORE hstl: o PAtiitne gate
oxide | ayef 464,792 to Tseng et al, U.S. Patent 5,397,720 to Kwong et

al, U.S. Patent 5,464,783 to Kim et al, and U.S. Patent

5,726,087 to Tseng et al. These patents teach methods of

forming the oxynitride layers at atmospheric pressure (stated

or implied) except for the patent to Kim et al which deposits

silicon oxynitride by chemical vapor deposition (CVD) at 800

°C and a pressure of 13 Pascals, which is 0.1 torr.
SUMMARY OF THE INVENTION

IA principal object of the present invention is
to provide an effective and very manufacturable method of

improving gate oxide gquality.

A further object of the invention is to
provide a method of improving oxide'quality by preventing the

penetration of impurities into the gate oxide layer.

Yet another object is to provide a method of

improving oxide quality by improving thickness uniformity.



Yet another object is to provide a nmethod of inproving oxide quality by
I mprovi ng thickness uniformty.

3, Yet another object is to provide a nmethod of | mprovi ng
gate oxide reliability by inproving the charge-to- br eakdown val ue.

A stitl further object of the invention is to provide a nethod of
inmproving oxide quality and reliability by using | ow pressure during
oxidation and nitridation. I n accordance with the objects

of this invention a nethod for inproving oxide quality and reliability by
using | ow-pressure durin% oxi dation and n?;ridation_is achi eved. The wafer
is loaded into a chanber Yekhapethen ohieckiris do muonide abvethed afd 300
torr is maintained during the formng of the dielectric layer. The

silicon sdPPECHIB%PtRe ORAfEr Teiiahi H ey timpraying §be. chergestdstrate

I's anneal ed to . conplete formation of the dielectric |ayer.
BRI EF DES‘éﬁeﬁ%Fm A8 DRAW NGS

A still further object of the invention is to
provide a method of improving oxide quality and reliability

by using low pressure during oxidation and nitridation.

In accordance with the objects of this
inventiqn a method for improving oxide quality and
reliability by using low pressure during oxidation and
nitridation is achieved. The wafer is loaded into a chamber
wherein a pressure of between about 80 and 300 torr is
maintained during the forming of the dielectric layer. The
silicon substrate of the wafer is oxidized, then nitrided.
The substrate is annealed to complete formation of the

dielectric layer.
BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a

material part of this description, there is shown:

Figs. 1 and 3 through 5 schematically

illustrate in cross-sectional representation a preferred



In the acconpanying drawings formng a nateri al

parti cul apmpoddmeng of the tpresent JmyeRtieni-| | ustration of a portion of a
partially conpleted integrated circuit. The sem conduct or substrate 10

preferably conposed of silicon having a (100) crystall ographic

orientati

on. The surfaceFilgl. CH itshea' %'llolw%%grt illustrating the process

of forming the improved gate dielectric layer of the present

invention.

Fig. 6 graphically illustrates Weibull plots
for time-to-breakdown of a polysilicon gate electrode having

various dielectric layers.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now more particularly to Fig. 1,
there is shown an illustratioﬁ of a portion of a partially
completed integrated circuit. The semiconductor substrate 10
is preferably composed of silicon having a (100)
crystallographic orientation. The surface 11 of the silicon

substrate 10 is cleaned, for example by an RCA clean.

Now{ the improved gate dielectric of the
present invention will be formed. The wafer is loaded into a
rapid thermal process chamber. The chamber is pumped down to
remove any possible gas impufities. The chamber pressure is
reduced to between about 100 and 300 torr, and preferably

about 200 torr.

part of this description,

there i s shown: Figs. 1 and 3 through 5 schematically
illustrate in cross-sectional representation a preferred
. 4 epbodi ment of the present invention. Fig. 2is a
flowhart illustrating the process of formng the inproved gate dielectric
‘layer of the present invention. Fig. 6 graphically
illustrates Weibull plots for tine-to-breakdown of a polysilicon gate

el ectrode having various dielectric Iayeri. DESCRI PTI ON
OF THE PREFERRED ENMBODI MENTS Referring now nore

is
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substrate 10 is cleaned, for exanple by an RCA cl ean.

Now, the inproved gate dielectric of the present invention will be forned.
The wafer is loaded into a. rapid thermal process chanber. The. chanber. is
punped down to renpve any possible gas inpurities. The chanber pressure is
reduced to between about 100 and 300 torr, and preferably about 200 torr.

5 The tenperature is ranped up to the preferred
tenperature of between about 900 and 1100 [err]C, and preferably about
1000 C. The gate dielettric is fornmed using a four-

step process. Fig. 2 is Zhel cemperateheVisdrdnied Ay o ¢he pRe®eessd 'he
first step 21 conprises oxidation. JQerr] gas is fl owed at between about
2 and 10 ltempegatunet off betbeenecabout ad@litarnkh 140D 6€,sendngerefoirapln2 is a
first nitridation in which nitrous oxide (Nerr]O is flowed at 2 to 5
liters/ m Rpoat 1080 F&-ween about 20 and 60 seconds. '
Then, the chanber pressure is reduced to between about 80 and 180 torr and
preferably about 100 torr. The second ni-tridation, step 23, also conprises

flowing Nerr]O The gate dielectric is formed using a four-

step process.' Fig. 2 is a flowchart showing the four-step
process. The first step 21 comprises oxidation. 0z gas is
flowed at between about 2 and 10 liters/minute for between
about 15 and 60 seconds. Step 22 is a first nitridation in
which nitrous oxide (Nz0) is flowed at 2 to 5 liters/minute

for between about 20 and 60 seconds.

Then, the chamber pressure i; reduced to
between about 80 and 180 torr and preferably about 100 torr.
The second nitridation, step 23, also comprises flowing Nz0
at 2 to 5 liters/minute, .but for between about 60 and 100

seconds and at the reduced pressure of preferably 100 torr.

Finally, in step 24, the pressure is increased
to its previous setting of preferably about 200 torr. The
wafer is annealed by a flow of N= gas at 5 to 10

liters/minute for about 20 to 60 seconds.

Fig. 3 illustrates the gate dielectric layer

14 formed by the process illustrated in Fig. 2 and described.
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at 2 to 5 liters/ninute, but for between about 60 and 100 seconds and at

the reduced pressure of preferably 100 torr. Finally, in
step 24, the pressure is increased to its previous setting of preferably

about 200 torr. The wafer is annealed by a flow of N err] gas at 5 to 10

liters/mnute for about 20 to 60 seconds. Fig. 3
illustrates the gate dielectric layer 14 forned by the process illustrated
in Fig. 2 and descri bed 6

above. The resulting dielectric thickne8s is between about 25 and 40

ANgst 1 ons g1ald pr%@rﬁegﬁwﬁmﬁ&ﬁﬁ%&a@%és iénﬂéwg

K\
Al t hough the four-step process I's preferre ere are ot ??ernatlves

that provizdeanat sdf ARESEtYoms!] ff tgrer raHANS bethheR! SfJSﬁf ego ”&S@% i ncl udes
an oxidation step, two nitridation steps at two different |ow pressure

settings, Aaggtaomsnneal i ng. An acceptable alternative has one nitridation
step. In this nethod, one |ow pressure of between about 80 and 180 torr,
and preferably 100 torr, is nmaintained for all steps. Another alternative

Although the four-step process is preferred,
there are other alternatives that provide satisfactory
dielectric layers. The preferred method includes an
oxidation step, two nitridation steps at two different low
pressure settings, and an annealing. An acceptable
alternative has one nitridation step. 1In this method, one
low pressure of between about 80 and 180 torr, and preferably
100 torr, is maintained for all steps. Another alternative
method is to eliminate the oxidation step. ‘The resulting
dielectric will have a different nitridation profile which
may be desirable. Either the two-step nitridation or the

one-step nitridation may be used in this case.

After the dielectric layer has been completed,
temperature is ramped down and pressure released and the
wafer is removed from the chamber. Referring now to Fig. 4,
a polysilicon layer 16 is deposited over the dielectric layer
14, for example by low pressure chemical vapor deposition
(LPCVD) typically to a thickness of between about 1500 and
2500 Angstroms.



method is to elimnate the oxidation step. The resulting dielectric will
have a different nitridation profile which may be desirable. Either the
two-step nitridation or the one-step nitridation nmay be used in this case.
After the dielectric |ayer has been conpleted, tenperature is ranped down
and pressure released and the wafer is renmoved fromthe chanber. Referring
nowto Fig. 4, a polysilicon |ayer 16 is deposited over the dielectric

| ayer 14, for exanple by | ow pressure chem cal vapor deposition (LPCVD)
typically to a thickness of between about 1500 and 2500 Angstrons.
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Next, tﬁ&@p‘&&%'ﬂ&mﬁm@oﬁi %hﬁchfiéieéﬁi‘fésl%?er@% 14 are

patterned and etched to provide gate “el ectrodes, such as 18 own in Fig.

S:  and 14 are pdbffelMéE U &t ML Wd pleviae hateoapbetedaes, is
conventional in the art. For exanple, as illustrated in Fig. 5 source and

drain regisoeh 28 aseshownein Widi r61he semi conductor substrate, typically -
by arsenic ion inplant. An insulating |ayer 28 is bl anket deposited over
the surface of the substrate. Openings are etched through the insulating

| ayer to underlying source and drain regions and other areas
The integrated circuit device is completed as

is conventional in the art. For example, as illustrated in
Fig. 5, source and drain regions 20 are formed within the
semiconductor substrate, typically by arsenic ion implant.

An insulating layer 28 is blanket deposited over the surface
of the substrate. Openings are etched through the insulating
layer to underlying source and drain regions and other areas
where electrical contact is to be made. A cpnducting layer
30 is deposited and patterned to complete tﬁe electrical |

connections. A passivation layer 32 completes the

fabrication of the integrated circuit device.

The process of the invention provides an
effective method of fabricating an integrated circuit device
with improved gate oxide quality and resulting enhanced

device performance.
EXAMPLE

The following example is given to show the

important features of the invention and to aid in the



where electrical contact is to be made. A conducti ng Iayer 30 is deposited
and patterned to conplete the electrical connections. A passivation Iayer
32 conpletes the fabrication of the integrated circuit device.

The process of the invention provides an effective nethod of fabricating
an integrated circuit device wth inproved gate oxide quality and
resul ti ng enhanced device perfornmance. EXAVPLE
The followi ng exanple is given to show the inportant features of the
invention and to aid in the 8 8
under st andindgrshan@dhg YaerabE ONsvaPyabrodR e Rage bysk_hbééd in the art
W t hout departing fromthe spirit and scope of the invention.

The proceskidfletihdni thenarbnwitSouprdepaigSing iFHomothe thrablénay in terns
of charge-to-breakdown err]. Fig. 6 shows Wi bul | ots for tine to

br eakdown sicopeaof pbeyinvenbhogate el ectrode with differlng gate

di el ectrics.

The process of the invention also provides
improved reliability in terms of charge-to-breakdown Qua.
Fig. 6 shows Weibull plots for time to breakdown for a

polysilicon gate electrode with differing gate dielectrics.

The following table describes the four
different gate dielectrics tested. On Fig. 6, line 62 is the
Weibull plot for Gate Dielectric 1, line 64 is the Weibull
plot for Gate Dielectric 3, line 66 is the Weibull plot for
Gate Dielectric 4, and line 68 is the Weibull plot for Gate

Dielectric 2.

Table I
Gate Pressure Process Conditions Thickness Standard
Dielectric (Angstroms) Deviation
1 740torx 1050=C, N=0 30", Nz-15" 32 0.43
2 100torr 1050°C, N20 51", N= 15" : 31.5 0.22
3 740torr 1000°C, 0= 30", N=0 30", N= 15" 31.4 0.32
4 100torrx 1006°C, 0= 40", N=0 90", N= 15" 31.7 0.21



The follow ng table describes the four different gate dielectrics tested.
Oh Fig. 6, line 62 is the Wibull plot for Gate Dielectric 1, line 64 is
the Weibull plot for Gate Dielectric 3, line 66 is the Wibull plot for

Gate Dielectric 4, and line 68 is the Weibull plot for Gate Dielectric 2.

Table' | Gate Pressure Process Conditions Thi ckness St andard
-Dielectric (Angstronms) Deviation 1
740torr 105[err]C, Nerr]O 30" , Nerr] 15" 32 0.43 2
100torr 105[err]C, N[err]O 51", Nerr] 15"9 31.5 0.22 3
740torr 1000[err]C, y *fg r%é 0 4 ~ 4
100torr 100[err]C, Jer r{élﬁ, r 3 892 arﬁ[ (Lasrgjré{“ng b4 %j'ls&fdeb@#

9 D EbCt 61 el 3 3% ehohBRCuRMepi LA 0P

anneallngan%) ?%%trICEZ IS fort§3 undg% t he omPprgssure *q?me |nvent|on

Di el ectriges 8né@nfhvedt o Or Mak Ictr@esddt Bal, 4nhkéi €81héd, bpnd anneal i ng.
Dielectric 4 is formed under the |ow pressure of the invention. It can be

seen fromxidayiaph nitfHdptien, hand kendadliagtri DéePeatrid, 4 i¢i nes 68 and
66, respsectively) formed under |ow pressure, have the best tinmes to
br eakdownformed under the low pressure of the invention. It can be

seen from the graph in Fig. 6 that the dielectrics 2 and 4,

(lines 68 and 66, respsectively) formed under low pressure,

have the best times to breakdown.

The process of the present invention uses low
pressure of about 100 torr during nitridation to form a gate
dielectric layer. Most preferably, the process includes
oxidation, two nitridation steps, and anneaiing. A pressure
of about 100 torr is maintained during the second nitridation
step and a pressure of about 200 is maintained during the
remaining steps. Preferably, the process includes two
nitridation steps and annealing. A pressure of about 100
torr is maintained during the second nitridation step and a
pressure of about 200 is maintained during the remaining
steps. Alternativgly, the process includes an optional
oxidation step, one nitridation step, and annealing. A
pressure of about 100 torr is maintained during all steps.
The resulting gate dielectric layer has improved thickness
dniformity and therefore is pfotected from boron penetration.

The reliability of the dielectric layer in terms of charge to



The process of the present invention uses |ow pressure of about 100 torr
during nitridation to forma gate dielectric |ayer. Mst preferably, the
process includes oxidation, two nitridation steps, and annealing. A
pressure of about 100 torr is maintained during the second nitridation
step.-and a pressure of about 200 is mmintained during the renaining steps.
Preferably, the process includes two nitridation steps and annealing. A
pressure of about 100 torr is naintained during the second nitridation
step and a pressure of about 200 is mainPai ned during the renaining

steps. AlLeroRdows! ¥s IMSrdfREVer AClaideeceriePribges! fofedladt on step, one
nitridation step, and annealing. A- pressure of about 100 torr is

- mai nt ai negdefospher it |l pidsdire. The resulting gate dielectric layer has

i nproved thickness wuniformty and therefore is protected from boron
penetration. The reliability of the dielectric layer in terns of charge to
10 breakdown is inproved over a dielectric layer forned at atnospheric
pressure. : WhileNtiHee imventivenhasnbges barhigulaylyl arly

shown and described with reference to the preferred enbodinments thereof,

it will behowaend RrEERiRathad tdyrefegence 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 the

invention.



in the art that various changes in formand details may be nade wi t hout
departing fromthe spirit and scope of the invention. —————

CLAIM .. .. 11 1. A nethod of fornmin
on a wafer in the fabrication of an integrated ci !ﬂm?m HM”"T
conpr.i si ng: | oadi ng said wafer into a chanber* wser.e

pressure of | ess than atnospheric pressure is mai nt ai ned durlng sai d

form ng of said dielectric |ayer; oxidizing the silicon
substrate of said aatws; thereafter nitriding said silicon

substrate; andj a method b?efseﬁliﬁ{; é‘”&‘fé‘iéé‘&?rf@'l%y%x‘ im0 SalEehy ahe to

10 conplete formation of said diefectric layer in the fabrication of

sai d integratednd Fabiricdeibficof an intdgrd¥ed retrdtad h@esidieng to aiml
wherein said pressure is maintained at between about 100 and 300

torr. 3.cofiprimdiniged according to Claim1l wherein said pressure

I's mai ntai ned at about 100 torr.
loading said wafer into a chamber wherein a

5 pressure of less than atmospheric pressure is
" maintained during said forming of said dielectric layer;

oxidizing the silicon substrate of said wafer;
thereafter nitriding said silicon substrate; and
thereafter annealing éaid silicon substrate to

10 complete formation of said dielectric layer in the

fabrication of said integrated circuit device.

2., The method according to Claim 1 wherein said
pressure is maintained at'between about 100 and 300

torr.

3. The method according to Claim 1 wherein said pressure

is maintained at about 100 torr.

4. The method according to Claim 1 wherein said step of
oxidizing said silicon substrate comprises flowing O=
gas at the rate of 2 to 10 liters/minute at between
about 900 and 1100 <C for between about 15 and 60

seconds.



4. The method according to Claim1 wherein said step of oxi di zi ng sai d
silicon substrate conprises flow ng 02 gas at the rate of 2 to 10—
liters/mnute at between about 900 and 1100 [err]C Tor between about

é’S '?'Eg ?ngt hod aigg(rjgld?\g to daim1l wherein said step of \\“\“\N‘““‘M\mﬂ“\
Fa

said silicon substrate conprises: fl owi ng N20 gasctat‘tHk
of 2to 5 liters/mnute at between about 900 and 1100 [err] C at a
pressure of 5 bet ween about 100 and 33@8 torr for between about 20 and

60 seconds; ang, The method &SRy td @Waia M ghekeifiagadd sbeéprefe of 2
to 5 liters/mnute at between about 900 and 1100 [err]C at a

pressure of beﬁm@mdaﬁgutsaﬁ&) S0 A0 dudtrbe RehpeeesiO  about 30 and
100 seconds. . The nethod according to aim1 wherein said step

of anneal i ng §modlnglmﬁmwgambﬂinameramepoﬁséstbl5mﬂmgetﬁ/minutegas at
5to 10 liters per mnute at a tenperature of bet ween about 900 and
1100 [err] C foat2betwe€n sbowhnd0 and 11007°CTas mephedsureolfiing to C ai m
1 wherein said dielectric layer has a thickness of between about 30
and 5 between about 100 and 300 torr for between about 20 and

60 seconds; and

thereafter flowing Nz0 gas at the rate of 2 to 5
liters/minute at between about 900 and 1100 <C at a
pressure of between about 80 and 180 torr for between

10 about 30 and 100 seconds.

6. The method according to Claim 1 wherein said step of
annealing said silicon substrate comprises flowing Nz
gas at 5 to 10 liters per minute at a temperature of

between about 900 and 1100 =C for 20 to 60 seconds.

7. The method according to Claim 1 wherein said
dielectric layer has a thickness of between about 30 and

35 Angstroms.

8. A method of fabricating an integrated circuit device
comprising:

cleaning the silicon surface of a semiconductor
wafer;

5 loading said wafer into a chamber wherein a
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35 Angstrons. 8. A nethod of fabricating an integrated circuit

devi ce conpri si ng: cleaning the silicon surface of a

sen conduct or wafer; 5 | oadi ng—satd-wafer into_a chanber
wherein a _ 13 pressure of
 ess.than at nospheric pressure i s maintained “wu“”ﬁmuﬂm, ing of a
dielectric |ayer; formng said die ! E"ﬂ%rding'to t he
foll owi ng steps: 10 nitriding said sili‘coft séibstrate; and

t hereafter annealing said silicon substr@ge; t hereafter renoving

sai d waf er. froggﬁggqrgrgﬁbféés-t an atmo§gya¥¥ﬂ b&@%sﬁrgok¥sh£iﬁ€%iﬁéder

overlying said ectric layer; atterning sa

pol ysilicon Iaag&iﬁgdfgghgng of acﬁfgfggﬂgfblyﬁygg;to forma gate el ectrode;
form ng source and drain regions within said silicon substrate

adj acent to said gatermifgt 8@ dielectric lR@tChickgradng €6t €hel ectrode
with an insulating 20 | ayer;
following steps:
10 nitriding said silicon substrate; and
thereafter annealing said silicon substrate;
thereafter removing said wafer from said chamber;
depositing a polysilicon layer overlying said
dielectric layer;
15 patterning said polysilicon layer and said
dielectric layer to form a gate electrode;
fdrming source and drain regions within said
silicon substrate adjacent to said gaté electrode;
covering said gate electrode with an insulating
20 layer;
etching an opening through said insulating layer to
one of said source and drain regions;
depositing a conducting layer within said opening;
and
25 patterning said conducting layér to complete said

fabrication of said integrated circuit device.

9. The method according to Claim 8 wherein said pressure

is maintained at between about 80 and 300 torr.



etching an opening through said insulating |ayer to one of said
source and drain regions; depositing a conducting layer within
sai d openi ng; and 25 patterning said conducting. Iayer_Lo"w___
¢onpl ete said fabrication of said integrated CIFCUIt devi ce.

Detueen abodt “80°and 500 tary, | oren said pressure |||||||1Illlff‘lllﬁﬂllﬂﬂlllat

14 10. The method according to Clal 8 wherein sald ¢ 'essuréd is
mai nt ai ned at about 100 torr. e met hod accordi ng to Claim8

further conprifphnNorhe metHOd HFHYing %Sthh&ﬁnasméféﬁ&es@fé ore said step

of nitriding said silicon substrate wherein said oxi di zi ng

conprises fl owrgsdrdas Maitaindigeadf aBot® 160 forr.liters/ mnute at
bet ween about 900 and 1100 C for bet ween about 15 and 60 seconds.

12. The met hod according to Caim8 wherein said step of nitriding
said silicon substrate conprises: flowwng Nerr]O gas at the
rate of 2 to 511 tBhe/matthgd according to Claim 8 further comprising
oxidizing said silicon substrate,before said step of
nitriding said silicon substrate wherein said oxidizing
comprises flowing O= gas at the rate of 2 to 10
5 liters/minute at between about 900 and 1100 <C for

'between about 15 and 60 seconds.

12. The method according to Claim 8 wherein said step of
nitriding said silicon substfate comprises:

flowing N=0 gas at the rate of 2 tﬁ 5 liters/minute
at between about 900 and 1100 ©C at a pressure of

5 between about 100 and 300 torr for between about 20 and

60 seconds; and -

thereafter flowing N=0 gas at the rate of 2 to 5
liters/minute at between about 900 and 1100 °C at a
pressure of between about 80 and 180 torr for between

10 about 60 and 100 seconds.

13. The method according to Claim 8 wherein said step of
nitriding said silicon substrate comprises flowing Nz=0O
gas at the rate of 2 to 5 liters/minute at between about

900 and 1100 <=C for between about 60 and 100 seconds



s _
at between about 900 and 1100 [err]C at a pressure of 5 bet ween about
100 and 300 torr for between about 20 and 60 seconds; and

thereafter flowing N20 gas at the rate of 2 to 5 diters/mnute at-

et ween about 900 and 1100 [err]C at a pressure of between about 80—

and 180 torr for between 10 about 60 and 100 seconds The
met hod according to Claim8 wherein said step of n“"’"H”HH'yFmglum
silicon substrate conprises flow ng N20 gas at the rate af .

liters/ mnute at between about 900 ang 1100 [err]C for between about

60 and 100 sec@R€fein a pressure of between about 80 and 180 dérmhigein a
pressure of between about 80 and 180 torr is 'maintained during said steps
of nitriding andistabtwéd ndnrivsy dabid istepssolishiarbding ddd Siweeakirmd
according to Claim1l wherein said step of nitriding said silicon
substrate conpsasdssilopmpubgtsratie gas at the rate of 2 to 5
liters/mnute at between about 900 and 1100 [err]C for between about 60
and 100 seconds wherein a pressure of between about 80 and 180 torr is

mai nt ai ned during said steps of oxidizin nitriding apnd anpeal i ng sai d
silicon substr%ﬁg.The methad according o tlain 11 wherein Said steé’

of nitriding'said silicon substrate comprises flowing
N=0 gas at the rate of 2 to 5 liters/minute at between
about 900 and 1100 <C for between about 60 and 100
seconds wherein a pressure of between about 80 and 180
torr is maintained during said steps of oxidizing,

nitriding and annealing said silicon substrate.

15. The method according to Claim 8 wherein said step of
annealing said silicon substrate comprises flowing N=
gas at 5 to 10 liters per minute at a temperature of

between about 900 and 1100 =<C for 20 to 60 seconds.

16. The method according to Claim 8 wherein said
dielectric layer has a thickness of between about 30 and

35 Angstroms.

17. A method of forming a dielectric layer on a wafer in
the fabrication of an integrated circuit device
comprising:

loading said wafer into a chamber wherein a



15. The nethod accor di ng to Claim8 wherein said step of annealing said
silicon substrate conprises flowwng Nerr] gas at 5to 10 liters per
mnute at a tenperature of between about 900 and 1100 -ferr}E€-for—20 to 60

. seconds. 16. The nmethod according to Claim8 wherein said dielectric
il ayer -has a thickness of between about 30 and 35 Angst”lmmmmm
imethod of formng a dielectric layer on a wafer in thellf m I,Hn

‘integrated circuit device conprising: 16Ioading said wafér "nté a

chanber wherein a : 16 5

' pressure of Betpeessapeuef loftween aboutoif0iandradft diorad is maingained said
tforming of said dielectric |ayer; oxidizing the silicon

‘substrate of safluripgesaid forming of ppidcdieRCHiLG }FYSFisaid silicon

substrate; and ., ... .thereafter anneali sai d si l.iccon bstrate to
10 conpl ete formati oﬂ’_‘b‘fh%’aﬁ%l%dﬁeelséitlf:f’e f‘%/%?g?%et e Said wa]fég“ cation of
sai d |ntegrat§d C'rcghérég?%é¥initriding said silicon substrate; and
thereafter annealing said silicon substrate to
10 complete formation of said dielectric layer in the

fabrication of said integrated circuit device.

18. The method according to Claim 17 wherein said step
of oxidizing said silicon substrate comprises flowing Oz
gas at the rate of 2 to 10 liters/minute at between.
about 900 and 1100 =C for between about 15 and 60

seconds.

19. The method according to Claim 17 wherein said step
of nitriding said silicon substrate comprises:
flowing sz gas at the rate of 2 to 5 liters/minute
at between about 900 and 1100 <C at a pressure of
5 between about 100 and 200 torr for between about 20 and

60 Seconds; an@

3 _ thereafter flowing N=0 gas at the rate of 2 to 5

liters/minute at between about 900 and 1100 =<C at a
pressure of between about 80 and 180 torr for between

10 about 60 and 100 seconds.



18. The nmethod according to Caim 17 wherein said step of oxidi zing
said silicon substrate conprises flowng Qerr] gas_at the rate of 2
to 10 liters/ mnute at between about 900 and 1100 [err]Cfor between_
édbout 15 and 60 seconds. 19. The net hod ac Claim17
'vx/ner ei'n said step of nitriding said silicon subst riM’! Eﬂ ﬁﬂuu,”t
iflowing N20 gas at the rate of 2 to 5 liters/mnute *a

1900 and 1100 [err]C at a pressure of 5 bet ween about 100 and 200 °t ofr

:for between about 20 and 60 secondsgz and t hereafter
flowi ng N20 gas28t The methodbfackordifig to Claimels/wherelim saillet ween about
900 and 1100 [err]C at a pressure of between about 80 and 180 torr

for between 109iedgstrigolawer hes setbhdkness of between about 30 and
17 20. The nethgg &gcord to Claim17 wherein said dielectric |ayer has
a thickness of Hat B8Rt 5 30 and 35 Angstrons.



