; e3eZWIFBT6TALS 3 0 DEC 2U04. A NOVEL METHOD OF DUAL GATE PROCESS OF THE
IANVENTI ON (1) FIELD OF THE | NVENTI ON The present invention relates to_ a
met hod of fabricating an integrated circuit device, and nore par3 i0c OEGr ﬂWl
to a nethod of fabricating an integrated circuit device having a dual gate
oxi de process. (2) DESCRIPTION OF THE PRI OR ART Dual gate oxide thicknesses
are often required in nmaking integrated circuit devices. For exanple, a
thin gate oxide m ght b& NO¥B&JMEBHOR OBWDUALt GAEE PRACHESBer di ssipation
device and a thick gate oxide may be needed for a high 'voltage, high
speed, high current drive device built on the sane integrated circuit.'
Typically,. a first oxide layer 8romn over a substrate. The first oxide
layer is etched away in one ngGRQ Y¥RcBRJTHR NVENTEONwWn where the first
oxi de was renpved to formthe thin gate oxi de. The second oxide over the
first oxide forns a thick gate OX|de However, the surface of the first

oxi de beco wgh Akt NSO t he quality of the thick oxide may
not be googgﬁs?ﬁce t%& |rs# OXI e contalns no nitrogen, the thick oxide

DEC 2004, 1 U1 S, Patent S\ B89E653 LS Ly anGroR, TATAERELEon S Bar g BE

process infubicGRatang khogRRe=geatblch FRULL! YeviBRCCRhAAMLPA W LHin a’
portion of- the substrate retards oxidation in that area. U S. Patent

5,918, | 33 par@dcdierlet, &b al metheachesrabpibaegss- BEakheagi-gRkant in one
area that results in dual oxide thicknesses. U S. Patents 8,668,035 to Fang -

et al, 5,081rgndtt devdweechartinglp B8u863g8t8 tmiBenpabesssb, 244, 843 to Chau -
et al, and 5,538,923 to Gardner et al show various dual gate silicon oxide
net hods. SUMVARY OF THE | NVENTI ON )

(2) DESCRIPTION OF THE PRIOR ART | . J
Dual gate oxide thicknesses are bften reguired |

in making integrated circuit devices. For example, a thin

gate oxide might be needed fér a low voltage, low power

dissipation device and a thick gate oxide may be needed for a

high voltage, high speed, high current drive device built on

the same integrated cifcuit.' Typically, a first oxide layer

is grown over a substrate. The first oxide layer is etched

away in one area. A second oxide is grown where the first

oxide was remoyed to form the thin gate oxide. The second

oxide over the first oxide forms a thick gate oxide.

However, the surface of the first oxide becomes rough after

etchback, so the gquality of the thick oxide may not be good.

Since thelfirst oxide contains no nitrogen, the thick oxide

may not contain enough nitrogen. to block boron penetration.
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Accordingly, it is a primary object of the invention to provide an-
effective and very manufacturabl e process for fabricating dual gate oxides
in the fabricatien of integrated circuits. Another object of thej @ 8&8En200%.
invertion is to provide a nmethod for form ng dual gate oxi des where both
thin and thick gate oxide thicknesses can be controlled separately. A
further object of the invention is to provide a nethod for form ng dual
gate oxides of high quali-By. Raterd 5oE82,093 ard ddiidlegae AXIG8ws a

t hi cknesses lcan_2 be control |l ed separately 3 0 DEC 2004. In accordance
with t-he%ﬂ)’ﬁj e &P d6f PERICE SSniEntibdich @ metthod ehobdaarifig o riial i tgat e
dielectrk%% ha ing.high_ uality where both thin and thick gate dielectric

t hi cknesses EAT T HE OO HHSNEy & @9aitdoa wii $hac lsubedttatan deeirdd on region,
Separate f i, I ti,ye,area froma second active area in a sem conductor
substr at Zjﬁ.d‘a[(lﬁhrg é‘é‘f“& &it&Pect H-& - Apdenits St GlFed 36y e WHangindre et

sem condwat @n <SuU r i_n _t.he first and second active areas wherein the
first ga%g %ﬁgﬁe?%%F% %afépaﬁggggnﬂ PET 1% APERIE tim cRte s eaTdaft r st
gat e di elreglunite Lay N S tive areaq is remved. A second gate
di el ectric layer . sa:‘hc?rlrrg%q;ar? ?ﬁ‘gr&%(?%%ﬁ&sact ituvg'a E& RS &8 58n&3Sedeond
gate di eFeolr et kayes,hay,a49e¢Qn ri.calk . thi ess greater than the
first electrical t%ickness a?dQ%hgpg#ﬁgiﬁg %%do%d%é fgﬁaﬁépe@PFF@lpéyer is
nitrified.,2A4p6Ugsithi chaul ayenli,s adapesisbed soverly icng e i s4 %%gwsecond
gate dieectric layers. The |ayers are patterned to forma first gate . .
transi st JEFERUFhELALr gatacsivle cancaxidel mgthhasf.i rst gate dielectric |ayer
t hereunder and to forma second gate-transistor in the second active area
havi ng the second gate dielectric layer thereunder. 3 3 0 DEC 20D4.

BRI EF DESCRI PTI ON OF THE. DRAW NGS I n the follow ng draw ngs formng a ,
material part of this dESMMARYi 6F, THEhENYENS IONown: [

According;y,_it is a primary-object of the
invention to provide an effective and ﬁery manufacturable

process for fabricating dual gate oxides in the fabrication

- of integrated circuits.

| Another object of the present invention is to
provide a method for forming dual gate oxides where both thin
and thick gate oxide thicknesses can be controlled

separately.

A further object of the invention is to
provide a method for forming dual gate oxides of high

quality where both thin and thick gate'oxide thicknesses can
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Figs. 1 through 6 are schematic crosssectional, representati-ons of a
preferred enbodi nent of the present invention. SCRI PTI ON OF THE PREFERRED

~ EMBODI MENTS Referring now nore particularly to Fig. 1, there is 3goBhCa200%

parti-ally conpleted integrated circuit device. The sem conductor substrate
10 is preferably conposed of silicon having a (100) crystallographic:
orientgLi are forned to separate active areas from one
anotherﬂIa t%ég%%ﬁ gagéggrgmﬁfrench isolation (STI) regions 12 are formed -
in the senlconductor substrate as shown in Fig. 1. A sacrificial oxide'is,
grown over the surface of the substrate and channel inplantations are nade,
as is conventional i nthhacebtrdanpd QQEhsﬁggnobgggtgagglEhggal oxi de | ayer
is renoved and,the substrate is cleaned, such as by an RCA clean. 4 30
DEC 2OQAvenaIanCBamethbdMEdrOXMBmﬁhgdﬁuhﬂ|@E&eAﬂ@&UéQﬁﬁlcbnhéviﬁgrCe

which may . remaining silicon Now,' the novel dual gate dielectric process

of - t hehigheauadntw Whelve tosbr ithéd. afd thiick- ghite dikileanrnictri de or
silicon oxynitride film14 is grown on the surface of the substrate by | ow
pressu¢§i§%éﬁﬁ§aﬁ ¢apobedeposirelond( sROWDRtel v 45i dchhevadl. chani cal vapor
dep05|t|one%RTCVD to a thickness of between about 20 and 100 Angstrons.

~I n t héSPPeYhopr segden., Sﬁparﬁtra§t asfdgstsigatdye aseaokygenaasecPrdwed at

about 8%8 to forma buffer e a few strons thick, about 5 to 10
Angst r &\ 1VﬁlF€Fﬁava@l§emN€P uﬁ &f © %ﬁgf %ot Phd ¥ g8R %o form a

silicon; %@EQ%E er l%bgggmgdy 0 An StrQl nsﬁgmkék Puﬁﬁ% second step,

silicon i1 nr't rogen source are flowed to

form t RgyseaRiRi 1Y schl | GQR g faaad%e'c%mh ‘éd%g &l %@%inoi:hjé to 90

Angstrons. The total thlckness of the ectric layer I's 20 to 100

Angst r giss @;attlée B thHQCaSer has fd IfSilrH @ HidilGaN @l AkIYs 800 C,
to forma silicon few Angstrons thick, about 5 to 10 second step, SI|ICOﬂ{

(Sills)rne &inishy eger b;le.emdtmm,ay@rxe ifd awRd de-dr@r Mdtieidddde d ayer
having a thickness of 15 tc 90 Angstronms. Optionally, an in-situ anneal
usi ng MdheateddSO A5 second gate dielectric layer is formed in the
second active area'wherein the second gate dielectric laver
has a second.electrical thickness greater than the first
electricgl thickness and wherein the second gate dielectric
layer is nitrided. A polysilicon layer is deposited
overlying the first and second gate dieectric layers. The
layers are pattérned to forﬁ a first gate transistor in the
first active area having the first gate dielectric lafer
“thereunder and to form a second gate transistor in the second

active area haﬁing the second gate dielectric layer

thereunder.
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3 0 DEC 2004_ C for 30-seconds or NzO at 850C ffr 30- seconds may be added.
The total thickness of the thin dielectric layef 14 is 20 to 100 Angstrons.

- The conposition of the film14 is: silicon 40-60 % nitrogen 40-¥@ YECadlh

oxygen 1-10% This film14 will forma thin gate nitride |layer or a silicon
oxynitride. layer. The_piLLri Llml4a:w |l serve as _an oxygen bl ocking
material to formthe t%ﬁhkgaﬁgnggngéwig?'T?ﬁeDBéVéNG§4 is anitride-rich
silicon oxynitride layer. A mask is forned over the substrate, covering the
thin gate nitride area and exposing the planned thick gate oxide area. Fig.

2 illustrates, for exagHI@heafgQQgggﬁQLé%agiiggzgP%ﬁégggang%ﬁgﬁghn gate

nitride area. The thin gate nitri it is not
coveredphytt be ®Bsk desceifPRbAY @hetBeiSi khoQR.substrate surface, as shown
o )

in Fig. 3. Now, the nask is renoved and a pre-gate cleaning step is
performed. A thick gate dielectric layer is now grown in the thick gate
dielectric area, using NOor NzO to forma nitrided oxide |ayer 16 having a
t hi ckness of between aBogt.30 ahdoh88 Angskr edBemandcmerespreferably 6 3
0 DEC 2004. between about 50 and 100 Angstroms, as shown in Fig. 4. The :
t hi ck g&E&tdPBRéctrPEepgpsptionssodr ewnrbfeosmedobmbndiophitons. the t he first
option, silicon.dioxide is thermally grown followed by an anneal in NO NH3
or Nz0 P5%FEPM $PVPBGACBxynitride 16 having the fol | owi ng conposition
silicon:, 30-350, nitrogen 1-50, and oxygen 61-67$%. In the second option,
NO or NzO plus oxygen are flowed along with silicon to forman oxygen-rich

silicon oxynitridepka¥8TprrON OF THE PREFERRED EMBODIMENTS

Referring now more particularly to Fig. 1, f
. there is shown a partially completed integrated circuit |
device. The semiconductor substrate 10 is preferably
composed of silicon having a (100) crysfallographic
orientation. Isolation-regioﬁs are formed to separate active
areas from one another. For example, shallow trench
isolétion (5T1) regioﬁs 12 are formed in the semiconductor
substrate as shown in Fig. 1. A sacrificial oxide is grown
over the surface of the substrate and channel implantations
.are made, as is conventional in the art, and not shown. The
sacrificiai oxide layer is removed éﬁd,the substrate is

cleaned, such as by an RCA clean.
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. Fig. 6, lightly

havi ng the sane overall conposition as in the first option, but being
nitrogen-rich in the top portion of the |ayer. '*Jl'he grom h tenperature for

-~ both options shoul d be between about 800 and 950 C. The thin gat¥{) DEC 2004

dielectric 14 will also be increased in thickness by about 1 to 10
Angstrons, depending on the thick dielectric growmh recipe-. Both the thin
gate dielectric and the e ERFA OO VR fe [y 93 Hendies et nim iycess of

respecti Y . I 0 ock .boron penetration fromthe polysilicon
gate. " T\ti;?lr?y lé%ngdﬁl%?lcgilﬁe;béer tgtec?ctrﬁg’eéil'ec%ﬂ A raTaEE k9 of the
di el ectriG davRs [ A ave ;a sim. ar_ physical_thickness. The
two | ayers are fgjrrsmé&q%ﬁ %ﬁégﬁ%&ﬁ{ﬁ#ocfgslsmeé‘% Tie & Jht 0 efchase
layer 14 dfs thdidutREentd Ty Sid %é@&{é %e?x{icsail: ivcaorbr(iﬁni tride |ayer.

Because of the higher concéntration of nitrogemn, 1ayer 53 Wiy her

di el ectri(@etvD )3 ot 120 Qe rha00nsiant-41h § . . Thi.ck
ey Ve il %d&y%{e&%l&eﬂrﬁ;{e@ﬁ@eft& ring

dielectric layer 16 is an oxygen-rich silicon oxynitri

now t o -Fiag.t15,cknees v [HedoiedrayeiowdD A0 HePAid e orihe substrat e~by
LPCVD to a thickness of between about 1000 and 3000 Angstrons. The

polysilicon layer. is patterned to formthe thin gate transistor 22and the
thick gate transistor 24. This conpletes the dual gate process of the

i nvention. The thin gat &hithd dE@P meedasen fioy red inwlerd yimg d4iei ddii n
gate transistor 22. The[ft hick, nitrided gate oxide 16 has been forned

under | yi 5§t FEFHL BIGald Feth St o 80§ 76 e finmle jutfeoxiawidms
b | t d E t i ously etched back porti f
een gr O\M’l % rﬁ gﬁ.s&i%%]tsl’ atthel :lo 0 1}?& éatdﬂ]]e%v:fgés etche acC portion or

oxi de, it has gqual ty. Q% conventional in the -

art to cme@trpa%té%g ’t%q_tseq{?%id Gyl t ldaer%\é%c _tqli)[%:] O[e}%%%sﬁ%a shown in

regi ons are for t%r
subst r at g iadj e WHxyirQ M1 d A% St - cers 32, .conprising
silicon oxide or silicon nitride, for gsiat"?r)nplqeo_,zﬁélre _roornL otaxb%d?hremé} deval | s
of the, teeansicstaaied 23 atc (s ce Ad:dRided QHA% 34mich may be

N= or NHa, are flowed to form the remaining silicon nitride

“layer having a thickness of 15 to 90 Angstroms. The

total thickness of the thin dielectric layer 14 is 20 to 100

Angstrdms;

In the RTCVD process, in a first étep, siliconﬁ
and NO are flowed at about 800 °C, to form a silicon
. oxynitride film a few Angstroms thick, about 5 to 10
Angstromg. v{n a second step, siliéon §SiH4) + a nitrogen
source, which may be Nz or NHs, are flowed to form the
remaining silicon nitride layer having a thickness of 15 to

90 Angstroms. Optionally, an in-situ anneal using NHs at 850



are then f‘or nmed within the sem conductor substrate associ ated 8 3 0 DEC

2004. ,, with the transistors 22 and 2~4, as is' conventional in the art.
- Contact openings are made through an insulating |ayer 40 to the 3@bBECalh
over the source and drain regions,.: for exanple. The openings are filled

with a Corfdirctihgdeonels audth-Gsatt WBEEIEN PHUED Sbcdd hely ernduct i ng

| ayer 44, such as alum num or an alum num all oy, may be deposited and

pat t er fstfiad: cTHG diahdgmess of WovhinA dissisiatation dyeyeri4 such as
silicon niztc{i de | ayer 46, conpletes the integrated circuit device. 1 The .

pr ocess of* 1 HE i M At 5Bt Hs both thin gate dielectric and thick gate

dielectric thicknesses that can be separately controlled. The quality of
the resulting dielectrics is very good. , Wiile the invention has been

particularly shown 'ang, d i W fer e to the preferred
embodi ments thereof, it w %%ﬁ&n%er%s %gcdmo;cﬂt%ﬁbs]é SIG1 1 et §3Fhe art that

var i ousahem died taai | 106, W I par t.i from t-he
g8 ditAdydn aful Aeta) |5 q Y, ie, rade fh%gsdﬁgﬁb 1&9

spirit and scope of the invention. Wat °i's plalnéH is. “DEC 20D4.

1. A netiiod fom faabrhioatgaig an i ieyraird: A Glidi 0L &GP {0

providing an isol.ation region separating a first active area froma second

active Ha¥er i n thes ani toonthicticim sibstir il esedvar i ddyddn st igig} ectric

| ayer overlying said sem conductor substrate in said first and second

act i ve Bftesl ath i P ami e i Hisin @ate dlisdlevttdic | ayEre Hasyer fid sis a

el ectrical thickness; annealing said first gate dielectric |ayer using one

of the r ToMt R it gt MR AP N 4 ¥asrawa nitrogen-rich . silicon

oxynitride layer; renmoving said first gate dielectric layer in said

B mask is formed over the substrate, coﬁering

the thin gate nitride area and exposing the planned thick
gate oxide area. Fig. 2 illustrates, for example, a

photoresist mask 25 covering the thin gate nitride area.

The thin gate nitride layer 14 is etched away
where it is not covered by the mask 25, stopping at the

sili¢on substrate surface, as shown in Fig. 3.

Now, the mask is removed and a pre-gate
Eleaning step is performed. A thick gate dielectric layer is
now grown in tﬁe thick gate dielectric érea, using NO or Nz0
to form a nitrided oxide layer 16 having a thickness of

‘between about 30 and 100 Aﬁgstroms, and more preferably



second active area; formng a second gate dielegtric layer in said second
active area wherein said second gate dielectric'layer has a second
el ectrical thickness greater than said first electrical thickneébﬂaBEC 2004
wherein said second gate dielectric layer is nitrided-to forman
oxygen-rich silicon oxypitride_ |layer; depositing a polysilicon |ayer:
overlyingb§5Yﬁe?i?Q?uﬁnaos@%gnaoaaﬁﬁgﬁFEPﬁﬁtrﬁ% FR9¥Rs1n Bagtefni ng said
polysilicon layer and said first and second gate dielectric layers to form
a first gate :e;, transistor in said first active area having said first .
gate dielectric layer th u and.to.forma second gate transistor in
sai d second active area ﬁggiﬁg§é§i§g5%c%ﬁ8i83£518i Pg@?rﬁg tgy8Fown by
t her eundegy kERg<Sai g,i grat. j |t .ce, 10 .3 0.DEC
2004, 2. Hhe et hoa et ord: ng To trar braCuper ik (AR ERRcpgmsde S
7dieIeqtriﬁhéﬂMSE1?a§r@wﬁhféhQéheﬁhb9kaﬁsﬁnﬁéa?eﬁﬂeﬁ6,aﬁﬁgto?ONQBdtéoo
Angstrons. 3. The nmethod according to Caim1 wherein sard first gate
di el éctri €otmyei lisohoorediby ilBCYD Rbkifgnthkt EbieowhageBmaokiksbabuf f er
oxide layer is forned to a thickness of between about 5 and 10 Angstrons
under | yi n§idispnicof-Abtri détragen WhBkei andhexygetal sphggical Thhicakness of
said first gate dielectric layer is between about 30 and 100 Angstrons. 4.
The net ho8®5EE8r 8PRECRe ¥PaP F=Gherusnosypenf pret Tdaweddadbegt wiichl ayer is
fornmed by LfCVD s%ligon nitride wherein a first buffer oxynitride layer is
formed t o0& thPBkhBsSCOR BBt REEASHHSAFRSSARICPD ARYRLLEASeURarREYi ng a
silicon nkgggggrkggegaghergin Ee total.ghésical_thickness of said first _
gate dieleCtiic layer1's Betwden SBBBPS3618Rd2F0d"ANGSt FdAEE SPEFRB. net hod
accordi ng LI b I.n t.d.fi e dielectri.c _lLayer is forped by
RTCVD siIF%gnsﬁ??g} é%gﬁéggiﬁighf%%s%ﬁ%uggérp§§§ﬁpprPéetkﬁygﬁyﬁ§'foFggd to;

a thickneggogihbﬁbmséﬁa%QQEtféraﬁgtﬁpgéﬁg§h%g noﬂﬂﬁe?EVEQgW§§§L%58%% /

nitride layer wherein the total physi ess of sal gate
di el ectri sobayas bsobetuweernabeutn3@dadadqi@9eARdsStr Q5 wiilh also be
increased in thickness by about 1 to 10 Angstroms, depending

on the thick dielectric growth recipe:

Both the thin gate dielectric and the thick
ga?e dieleétric layers 14 and 16, respectively, will be able
.to block boron penetration from the polysilicon gate. "Thin"
and "thick" refer to the electrical characteristics of the

. dielectric layers since both layers have a similar physical
thickness. The two layers are foémed by different processes.
The thin gate dielectric layer 14 is a nitrogen rich silicen
nitride or silicon oxynitride layer. Because of the higher

concentration of nitrogen, layer 14 has a higher dielectric
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i 3 0 -DEC 20D4. 6. The method according to Cla,n11 wherein said first gate
dielectric layer has a conposition of silicon: 40- ' 60% nitrogen 40-700,
and oxygen 1-100. 7. The nethod according to Claim1 wherein sa%bUfDEgtﬂmk

~gate-dielectric layer is a nitrogen-rich silicon oxynitride |ayer. 8. The

met hod aceghdiade! enehanBybrhigl ol Bn3aid (3E0nd aLEIChaGhil G o dyer s
grown by thermally growing a silicon dioXide ['ayer and -anneali ng &5 &
silicon doaygda-kayer sisiikgnongyveh tkh@egiayRcont ai ning NH3 and N20 and
wherein the physical thickness of said second gate dielectric layer is-
bet ween about 30 and | 00 Angstrons. 9. The nethod according to Claim1l
wherein said second gate dielectric layer is grown by thermally:growi ng a
silicon oxynitride |ayer Rgfiemgiogenolv tthe Fgioau s ,c @ntoailyisig iNOnand N20 and
wherein the physical thickness of said second gate dielectric |ayer-is
bet ween aB8¥er38Cads fewomigedr ever tbe FrdsieriedbacdfFMgo @ O aim 1

- wherein said second gate dielectric |layer has a conposition of silicon:
thogE

30350, ni ReESSOT QFFWSRPgEROBT- 6960 £1d PR Omdnsstradsor diThg to daim
1 wherein 1.4 nd,12 30 2004. gate dielectric layer is an
oxygenrriEﬁﬁggﬁﬁggﬁno%fﬁfg}ﬁ&enggéfpe%ZFOT%@IWbﬁﬁﬁdt@&@oﬂﬁtﬁg to Claim1
further ceMRHsSisRg, HOL N u nd_drain _regions iy said sem conductor
substrate a jgcgntrfo s§$%gﬁﬁgéﬁ%§ﬁ g%ﬁh&ﬂ%%eaﬁtjnéﬂ%tors; depositing an

insulating | ayer overlying said seni conductor substrate and said first and
second gate transistors; opening contact holes through said insulating

| ayer to underlying said sy comple rdisaivhe %aqh?agél AL S2IE Goft act
hol es with a conducting |ayer and patterning said conducting layer; and
invention. The thin gate nitride 14 has been formed
underlving the thin gate transistor 22. The thick nitrided f
gate oxide 16 has been formed underlying the thick gate
transistor 24. Since the thick gate oxide has been grown on

the substrate and_not on a previously etched back portion of

‘oxide, it has high quality.

Processing continues as is conventional in the
| aft tec complete the integrated circuit device. For example,

'~ as shown in Fig. 6, lightly doped regions 30 are formed
within fhe semiconductor substrate adjacent to the
transistbrs_zz and 24. Spacers 32; comprising silicon oxide
or éiliccn nitride, for exampie, are fo;med on the sidewalls
of the transistors 22 and 24. Source and drain regions 34

are then formed within the semiconductor substrate associated

Y
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depositing a passivation |ayer overlying said pptterned conducting layer to
conplete said integrated circuit device. 13. A‘nethod for fabricatinE an
integrated circuit device conprising: providing an isolation regﬁ 8nDEC 2004
separ-ating a first active area froma second active area in a sem conductor
substrate, .. formng a nitrogen-rich gate hitride |ayer overlying said

seni condult &7 géﬁsF?3P§1F%O g azfFPQt%émda§eé§nHOEEFPVéOGﬁéasnwﬁéﬁein sai d
nitrogen-gi-gh g LEr . r s a first electrical thickness;, renoving
sai d nitrogen-r?%ﬁtgg%ebﬁgPéﬁég ngewaﬁﬁ §§F8uggc8ﬁd135??9§159eé?Y?6rnfng
an oxygen4pi el Bhbrkded+gate gykdechay i.n_saij econd_act.ive area wherein
sai d oxygen-rich nitrided gate %3 thg ggﬁégezghg.afaé?iaggﬁg§§riﬁ8§ a .
second el egtmptal. tithekBpesigEeakok EaimeaakgtkiQSEoﬁhﬁﬁkﬂkga&a§QECkﬂess?
depositing a polysilicon |ayer overlying said nltrpgenrlcﬁ ate“nitride

| ayer andssahdasxygegskteohphugsi ded gahethsirdechayekinbatbgeR A, saidn
polysilicon layer,.. said nitrogen-rich gate nitride |ayer, and-said
oxygen-ri 8 Albmigud gat enorldsihaperlioyf,omayabki B8pogatedt saasi stor in
said first active area having said nitrogen-rich gate nitride |ayer [
t her eundeP2&A8TREYf SPnFamBeERdthEt 6ontassssasr shawsai dAspessdvattibne ar ea
havi ng said oxygen-gich ni.trided gate oxide |ayer thereunder; and
conpletingagﬁfd PHEBgPSEt §41EFPRUPE tdédrcdayes. dPhechBPASteactdeding to
Claim 13 rein id.gate, nitride |ayer has a physical thickness of

bet ween agggggﬁétéﬁdCﬂgﬁuﬁﬁggﬁybﬁ§: o .

The process of the invention forms both thin
gate dielectric and thick gate dielectric thicknesses that [

can be separately controlled. The quality of the resulting

dielectrics is very good.

While the invention has been particularly
shown and described with reference to the preferred
eqbodiments thereof, it will be undersfood 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.

-What is claimed is:
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15. The nitride a first between nitride gate ni;method according to Caim
13 wherein said gate layer is forned by LPCVD ﬁ licon nitride wherein :
buffer oxide layer is formed to a thickness of about 5 and 10 Afjgf§t BEOs2004%
underlying a silicon |ayer wherein the total physical thickness of said :
:ride layer is between about 30 and 100 Angstrons. 16. The nmethod according
to Caim13 wherein said gate nitride layer is fornmed by LPCVD silicon
nitride wherein a first buffer oxynitride layer is formed to a thickness of
bet ween about 5 and 10 Angstrons underlying a silicon 14 3 0 DEC 2004. 1
nitride |layer wherein the total physical thickness of said gate nitride

| ayer i s between about 30 arid 100 Angstrons. 17. The nethod according to

Claim 13 rein i te_njitride layer js formed by RTCVD silicon nitride
wher ol noa 12 IS, 33ry SR FHEREIAG AT | LhasmARr Fld P oRREAS of bet veen
about 5 and:-depAngsigr:ons underlying a silicon nitride |ayer wherein the

total physical thickness of said gate nitride |ayer is between about 30 and
100 Angstrons. PFOVEREDFefRodSaERbE O B TP TISARALEE iNgr BhERTESNDri si ng

anneal i Ng_ st v@Ate Al trhbfieal 3¥86nYShNGRNe: fa LRE 0QHA EARLAERENG NH3 and
N20. 19. The nethod according to Claim 13 wherein said gate nitride |ayer :
has a conposiSEwtéF sjlicon: 40-60% nitrogen 40-700, and oxygen 1-100.

20. The method acagrding t9-CLabmd3,MDRLe NS4 ) Lijded gat e oxi de | ayer
is grown by thermally "growi'ng a“silicon |0X|dearayer and“anneal i ng sai d
silicon di cséide deayi@ondgichgronebstrabhe r cimpld dhitaitniang Ne8oadd N20 and

Bbout 30, art 150 ANGECr S S5, STE Mol USoo G 0 OBV AT 1S wherein
said nitridess gatfdrexi deckayecal stigtomedy; thermal Iy growing a silicoh
oxynitride lay%angg-Eggoggigff{£§%ggé%QJ&E%lec%rch%gyggoﬁéing one
of thé group containing NH3 and N,O to form a nitrogen-rich
silicon oxynitride layer;
removing said first gate dielectric layer in said
second active area; |
forming a second gate dielectric layer in said
second active area wherein said second gate dielectric
layer has a second electfical thickness greater than
said first electrical thickness and wherein said second
gate dielectric layer is nitrided to form an oxygen-rich
silicon oxynitride layer:
dépositing a polysilicon layer overlying said first
and second gate dielectric layers;
patterning said polysilicon layer and said first
and second gate dielectric layers to form a first gate
transistor in said first active area having said first
gate dielectric layer thereunder and to form a second
gate transistor in said second active area having said

second gate dielectric layer thereunder; and

completing said integrated circuit device.

10



cont ai ni ng NO and N20 and wherein the physical fhickness of said nitrided
gate oxide | ayer is between about 30 and | 00 Angstrons. 22. The net hod
according to Claim 13 wherein said nitrided gate oxide |ayer ha§ & DEC 200%
conpasi tion of silicon: 30-350, nitrogen 1-5s, and oxygen 61-67s. 23. The
met hod according to Claim13 further conprising: formng source and drain
regions in said sem conductor substrate adjacent to said first and second
gate transistors; depositing an insulating |ayer overlying said

sem conductor substrate and said first and second gate transistors;

, openi.ng contact hol es through said insulating |ayer to underlying said
source and drain regions; filling said contact holes with a conducti ng

| ayer and patterning said conducting |ayer; and depositing a passivation

| ayer overlying said patterned conducting |ayer to conplete said integrated -
circuit devd c&he2dethonetbodriidngfadrilatn Ny wrerainegratedigstcuit device

conprising: provj.di;ng.an isolation regi.on separating a first active area
froma secoh Ehclﬁ&ggﬁfég ?ﬁygrs%ﬂ§c% O J%EF%%Pé? Pér RERYERD

ni trogen-riadowd l20c@pnaniioni degkayehns 16 3 0 DEC 2004. 1 overlying said
sem conductor substrate in said first and second active areas; renoving
said nitrogen-rich silicon nitride layer in said second active area,;

forni ng an DXYGRN it GBS bbbeLA1 AX VDS téi L | aYele il nSaidgSegond active area;
depositing a polysilicon |ayer overlying said nitrogen-rich silicon nitride
| ayer and sHY® ERLELEN18VEF cbh BXyFEd M AGHPesilicon nitride '
wherein a first buffer oxide layer is formed to a
thickness of between about 5 and 10 Angstroms underlying
a silicon nitride layer wherein the total physical thickness
of said first gate dielectric layer is between about 30 and

100 Angstroms.

4. The method according to Claim 1 wherein said first

- .gate dielectric layer is formed by LPCVD silicon nitride
wherein a first buffer oxynitride layer is formed to a
thickness of between aboﬁt 5 and 10 Angstroms underlying
a silicon nitride layer wherein the total physical thickness
of said first gate dielectric layer is between about 30 and

100 Angstroms.

5. The method according to Claim 1 wherein said first

gate dielectric layer is formed by RTCVD silicon nitride
‘wherein a first buffer oxynitride layer is formed to a
thickness of between about 5 and 10 Angstroms underlying

a silicon nitride layer wherein the total physical thickness
of said first gate dielectric layer is between about 30 and

100 Angstroms.

11



patterning said polysilicon |layer, said n|trogep "rich silicon n|tr|de

| ayer, and said oxygen-rich silicon oxynitride 4ayer to forma first gate
transistor in said first active area having said nitrogen-rich § Qi 0D 200%
ni-tride |layer thereunder and to forma second gate transistor in said
second active area having said oxygen-rich silicon oxynitride |ayer

t hereunder; forming source and drain regions in said sem conductor
substrate adjacent to said first and second gate transistors;' depositing
an insulating | ayer overlying said sem conductor substrate and said first.
and second gate transistors; opening contact holes through said insulating
| ayer to underlying said source and drain regions; filling said:contact
holes with a conducting |ayer and patterning said conducting |ayer; and
depositing a passivation |ayer overlying patterned said conducting |ayer to -
conplete said integrated circuit device. 17 1 3 0 DEC 2004. 25. The

nmet hod accof %%%:n124 wherein said nitrogen-rich silicon nitride

| ayer has a pﬁggi EKAESEIBE bRt et abdthe o raf@ 106 1A85st rons. 26.

The net hod @oeordidledie i abge24ndbes ek dnsed o Mt r39eN1hiceR : Sibicon nitride .
llayer is formed hy LPCVD silicon nitride wherein a first buf fer oxide | ayer

is forned t¥P% tHitawe9ess 46+ 788t weed @aBverRn 5L aHF 10 Angstroms underlying a
silicon nitride layer. 27. The nmethod according to C aim 24 wherein said
nitrogen-rich silicon nitride layer is formed by LPCVD silicon nitride
wherei n a f1+sthepgfeftdodorgrprride tayelaim ¥ orheectitro saithifékaess of between

about 5 an tr rlylng a_silicon nitride.l ayer. 28. The met hod
according t al% gl%'lﬁ c'Ev%ﬁgrel ﬁegafsd hitT o%o =1 o 511%&&9 nitride layer is

formed by REGVDtsiildecdayertri de wherein a first buffer oxynitride layer is
formed to a thickness of between about 5 and 10 Angstrons underlying a ;
silicon nitride layer. 29. The method according to Claim28 further !

conpri si ng gnmedl inkghsdl dcBbkbeggNtsi Chash |l Gty isde d @kebndSi Nng one off
the group containing NH3 and N20, 30. The nethod according to Claim24

wher ei n sai % Hﬂ@d@ﬁtﬁfﬁehléwﬁrcbﬁ ATYT d&Y | EiRIeHdy QTeuAPEsihti on of

silicon dioxide layer and .annealing said silicon dioxide
layer using one of the group containing NH; and N;0 and
wherein the physical thickness of said second gate dielectric

layer is between about 30 and 100 Angstroms.

9. The method according to Claim 1 wherein said second

gate dielectric layer is grown by thermally growing a

silicon oxynitride layer using'one of the group

containing NO and N;O and wherein the physical thickness of
said second gate dielectric layer”ié between about 30 and 100

Angstroms.
10. The method according to Claim 1 wherein said second
gate dielectric layer has a composition of silicon: 30-

35%, nitrogen 1-5%, and oxygen 61-67%.

11. The method according to Claim 1 wherein said second

12
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18 3 0 DEC 2004. silicon: 40-600, nitrogen 9p- 700, and oxygen 1-10% 31.
The nethod according to Caim24 wherein the physical thickness of said
oxygen-rich silicon oxynitride |ayer is between about 30 and | 0@ AnDECr 2884,
32. The nethod according to O aim 24 wherein said oxygen-rich silicon
oxynitride layer is grown by thernmally:growng a silicon dioxide |ayer and
anneal ing said silicon dioxide |layer using one of the group containing NH3
and N20. 33. The nethod according to Cl aim 24 wherein said oxygen-rich
silicon oxynitride layer is grown by thermally growing a silicon oxynitride
| ayer .using one of the group containing NO and N2O. 34. The net hod
according to Caim 24 wherein said oxygen-rich silicon oxynitride |ayer has
a conpositi fy.siqld can:. 30:,35% _nifr -50,. and .oxygen 61-67s. 19

. A@ A<. A( SN SRF R R i\%ygg e c‘%g‘?%&&g\?hmfi&&\o?ﬁm\ . Acv\ . Al \ 3DH_

" HW Ry~3yt opxiMTwiglec delyer . .

aljc"al] c"a]c"a]cal ca] ca] ca] cal] ca] cal] ca] cal] ca] cal] cal] cal cal] cal] ca] caU
] caU] ca] caU caU] cal] c"a] c"a] ca3c F A~

1gnX] ekl } xsrehc "Mec ajechociakeabeaths” 8d cC vd fa] cahoalen] edhprakeakeal cal cal ca]
ca] cal ca] c%](%g%jg_% ca]ugg] cajlca ca}ca] caj ca] ca] ca!j{Zﬁ%l o)

IMNC| wr mhc SECSFc AP daftai Ratf et A T ] S iChSCHICaPEHFE]Fca] ca] ca] ca]
ca] ca] ca] cadr]calieaeahecalcabcad cal £al £a! LN £IE ;g\ﬂ)tef transistors;

o!!'| wnhc”Y] ca] ca] ca) ca] ca] ca] ca] ca pa]ca]ca]ca]Came'a]c"a]ca]cafca?ca]ca]
ca]ca]ca]ca]ca]GEF@ﬁF@&PéaFEa}EéTééik%ﬂc%ﬁY@E‘OVETTYTnﬂ<#$%%MM&&T@DE‘S‘V‘v(mL
(((D) F) * H* | SereBitiapk i) \é\{.\ﬁhfﬂfél fﬁé Ef&f&] £AC AlLaerhgalgaleal calc

a]J ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] calcal]c . :
aU] c" a] c¢" a]tedrsd]sdafred! 8+@F+GH++g,,,0-}--d.|.}...{000001102~2] 3345L5R5T5\ 5
{vqgl gb] X] c]]c"algc*al.cal a cal.cal cal cal.cal.caUl.c"a]c"a] calca]ca]calc
a] ca] ca] ca] ca] céj%cegt}*gl% %g g%}:ga %g ik c%:ug}l \%@%@é@&@t%%@?? §f"%H8I 889999
999: : #:; to underlying said source and drain regions; ;
;o V< =0==| wr "Y].c cal,cal cal calca] ca] cal.ca] ca] ca] ca]ca] ca]c"a] ca] ca]ca
]ca]ca]ca]ca]ca]ééﬁgg%Lgfég]8&??%?5a?%iﬁ?xﬁ%ﬂ%ﬂ%(9%¥QE££§89_£§¥§$>>}??I@EE&A
[ AAAABBBI CGECERitrnupkeshVl] eaj@ad€adg Clayer; and ‘

a] c"a] ca] ca] ca] ca] cal.c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] caUjc"a]c"a]c
a] ca] ca] ca] ca] c&FPRPEE2 B FEHORRRHEHHE P} YR el i ngVERE NDRAE NERMNE wgl gb]
X] 1] ca] ca] cderl@adlhC 1ayer to id i i reui fce.
a]c"a]ca]ca]ca]ca]?g]cafca]ca]%%T%%?%%]%iﬁ%xﬁ%ﬁﬁ%ﬁiﬁ%g'gfgpgfga?%gi%%]ca]ca]
ca] ca] ca] ca! NHO RBR5R=RARCRDRRCSy SSSx TTTz UUUWWUVWWWV) WWWAK™ YaY{vqgl gb] X] ]] ca

" " ' cal G al.cal,ca] ca] ca] ca] ca
| cal o b oy o b Sy o0 B AN B A AR R ER ST FE LIV AR, k. ¥
aY{vql gb] X|9dwrajicdhga] ca] ca] ca] ca] cal] c"a] c"a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

" " ; N 3D i K- . , :
V0o () - PLOOE: ( FEFTI00&5( 70 SO0k (508 0086 (1 SFFOWE(T'S GEFBVRE()-* HoRa?-
10% - #10%0@% t{ije atpi0¥%&of) a <botdRYRa () 1vel O A Kinl QY8 el cbAQ¥&+ 6 - Y{| } ~_@

109 S10%! ()5 V1 S 109 () -

forming a nitrogen-rich gate nitride layer overlying
said semiconductor substrate in said first and second active
areas wherein said nitrogen-rich gate nitride layer has a
first electrical thickness;

removing said nitrogen-rich gate nitride layer in said
second active area;

forming an oxygen-rich nitrided gate oxide layer in said

second active area wherein said oxygen-rich nitrided gate
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oxide layer has a second electrical thickness greater than

said first electrical thickness; )
depositing a polysilicon layer overlying said nitrogen-
rich gate nitride layer and said oxygen-rich nitrided gate :
oxide layera
patterning said polysilicon layer,.said nitrogen-rich
" gate nitride layer, and said oxygen-rich nitrided gate oxide
layer to form a first gate transistor in said first active
area having said nitrogen-rich gate nitride layer thereunder
and to form a second gate transistor in said second active
aréa'having said oxygen-rich nitrided gate oxide layer

_ thereunder; and

compléting szid integrated circuii device.

14. The method according to Claim 13 wherein said gate
nitride layer has a physical thickness of between about 20

and 100 Angstroms.

15. The method according to Claim 13 wherein said gate
nitride layer is formed by LPCVD silicon nitride wherein

a first buffer oxide layer is formed to a thickness of
between about 5 and 10 Angstroms underlying a silicon
nitride layer wherein the total physical thickness of said

gate nitride layer is between about 30 and 100 Angstroms.

16. The method according to Claim 13 wherein said gate
nitride layer is formed by LPCVD silicon nitride wherein
a first buffer oxynitride layer is formed to a thickness

of between about 5 and 10 Angstroms underlying a silicon

14
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17. The method according to Claim 13 wherein said gate
nitrideée laye; is formed by RTCVD silicon nitride wherein
a first buffér oxynitride layer is formed to a thickness

" of between about 5 and 10 Angstroms underlying a silicon
nitride layer wherein the total physical thickness of said

gate nitride layer is between about 30 and 100 Angstroms.

i8. The method according to Claim 17 further comprising
annealing said gate nitride layer using one of the group

containing NHy and N,0.

- 13%. The method according to Claim 13 wherein said gate
nitride layer has a composition of silicon: 40-60%,

nitrogen 40-70%, and oxygen 1-10%.

20. The methed according to Claim 13 wherein said

nitrided gate oxide layer is grown by thermally growing

a silicon dioxide layer and annealing said silicon

dioxide layer using one of the group containing NH; and

N0 and wherein the physical thickness of said nitrided gate

oxide layer is between about 30 and 100 Angstroms.
21. The method according to Claim 13 wherxein said

nitrided gate oxide layer is grown by thermally growing

-a siliconh oxynitride layér using one of the group
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22. The method according to Claim 13 wherein said

nitrided gate oxide layer has a composition of silicon:

© 30-35%, nitrogen 1-5%, and oxygen 61-67%.

23. The method according to Claim 13 further comprising:
forming source and drain regions in said

semiconductor substrate adjacent to said first and

second gate transistors;

depositing an insulating layer overlying said

semiconductor substrate and said first and second gate

- .transistors;

opening contact holes through said insulating layer
to underlying said sourcé and drain regions;

filling said contact holes with a conducting layer
and patterning said conducting layer; and

depositing a passivation layer overlying said patterned
conducting layer to complete said integrated

circuit device.

24. A method for fabricating an integrated circuit
device comprising:

providing an isolation region separating a first
active area from a second active area in a semiconductor
substrate; -

forming a nitrogen-rich silicon nitride layer
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10C 10%&f()6é@y$¥@gd)553&0%@5§L6£&98@$£)éubstrate in said first an
second active areas; ) )
removing said nitrogen-rich silicon nitride layer
in said second active area;
fbrming‘an oxygen-rich silicon oxynitride layer in
said second‘active area; .
depositing a polysilicon layer overlying said
nitrogen-rich silicon nitride layer and said oxygen-rich
silicon oxynitride laver; '
patterning said polysilicon layer, said nitrogen- ;
rich'silicon nitride layer, and said oxygen-rich silicon
~oxynitride layer to form a first gate transistor in said
first active area having said nitrogen-rich silicon
nitride layer thereunder and to form a second gate
transistor in said second active area having said
oxygen-rich silicon oxynitride layer thereunder;
forming source and drain regions in said
semiconductor substrate adjacent to said first and
second gate transistors; -
depositing an insulating layer overlying said
semiconductor substrate and said first and second gate
transistors;
opening contact holes through said insulating layer
to underlying said source and drain regions:;
Ifilling said contact holes with a conducting layer
and patterning said conducting layer; and
depositing a passivation layer overlying patterned
said conducting layer to'complete said integrated

circuit device.
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25. The method according to Claim 24 wherein said i
nitrogen-rich silicon nitride layer has a physical thickness

of between about 20 and 100 Angstroms.

26. The metﬁod according to Claim 24 wherein said

" nitrogen-rich silicon nitride laygr is formed by LPCVD
silicon nitride wherein a first buffer oxide layer is
formed to a thickness of between about 5 and 10

Angstroms underlying a silicon nitride layer. i

~ 27. The method according to Claim 24 wherein said
nitrogen-rich silicon nitride layer is formed by LPCVD
silicon nitride wherein a first buffer oxynitride layer
- is formed to a thickness of between about 5 and 10

Angstroms underlying a silicon nitride layer.

28. The method according to Claim 24 wherein said
nitrogen-rich silicon nitride layer is formed by RTCVD
silicon nitride wherein a first buffer oxynitride layer
is formed to a thickness of between about 5 and 10

Angstroms underlying a silicon nitride layer.
29. The method according to Claim 28 further comprising
annealing said nitrogen-rich silicon nitride layer using

one of the group containing NH3 and N20.

30. The method according t¢ Claim 24 wherein said

nitrogen-rich silicon nitride layer has a composition of
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. The methed according to Claim 24 wherein said
oxygen-rich silicon oxynitride layer is grown by
thermally growing a silicon dioxide lajer and annealing
said silicon dioxide layer using one of the group

containing NH3 and N20O,.

33. The method according te Claim 24 wherein said
oxygen—-rich silicon oxynitride layer‘is grown by
- thermally growing a silicon oxynitride layer using one

of the group containing NO and N0,
34. The method according to Claim 24 wherein said

oxygen-rich silicon oxynitride layer has a composition

of silicon: 30-35%, nitrogen 1-5%, and oxygen 61-67%.
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