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- BACKGROUND OF THE | NVENTI ON (1) FIELD OF THE | NVENTI ON The pres

invention relates to the fabrication of integrated circuit devices, and
nore particutarly, to-a nmethod of form ng high quality shallow trench
isolation (STlI) in the fabrication of integrated circuits. (2) DESCRI PTI ON

“OF THE PRIGRLART E3h Me@wn &ene&mﬁfg ' STl) is often used in the
fabrication of integrated circuits gﬁigﬁéﬁQPE%Eaéﬁﬂvexaﬁeasuv@nner t he

trench has been filled with an oxide, nitride blocks resting on pad oxide
| ayers over active areas typically serve as stopping | ayers for the

chemical mechani cal poBASRGROUNEMBF @f; @ @yt O | eave the oxide only
in the trench. The renoval of the nitride bl ock Feter by wet chemi cal

cl eans, however, induces divots of varying depths to devel op at the edges
of the(§ I EEEB the silicon active region. Fig. 1 shows the STl region 20
f or med F sBHi CHRJGNVBNTEONstrate 10. Pad oxide |ayer 12 and nitride

1
The present invention relates to the

fabr
ication of integrated circuit devices, and more

partlcularly, to a method of forming high quality shallow

trench isolation (STI) in the fabrication of integrated

circuits,

(2) DESCRIPTION OF THE PRIOR ART

Shallow trench' isolation (STI) is often used
; in the fabrication of integrated circuits to separate

actlve areas. After the trench has been filled with an

oxi . . .
xide, nitride blocks resting on pad oxide layers over active

areas typically serve ag stopping layers for the chemical

mechanical polishing (CMP) of the oxide to leave the oxide

o r
.nly in the trench. The removal of the nitride blocks later

b ; '
¥y wet chemical cleans, however, induces divots of varying

depths to develop at the edges of the STI near the silicon

active region.

Fig. 1 shows the STT region 20 formed in the

semiconductor substrate 10. Pad oxide layer 12 and nitride
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ﬁln'?r Pglen;ngf at Ega\?ypoiigg' di p:r;e[]ne)vg_sn t hgs Eﬁgwﬁx: ﬁei:i gon;eq_llj_ﬁgtsleyai Siozlgt S
22 are fornmed at the edges o e STI, . 2. T
FoSponst blockoss i bl G ade,| gaketi 1, e sgurco/dran | nctions at
.Lgﬁsgrg\?\ggzeg};fysgﬁg%\zg &;egéwlﬁggtltlt tte’l ?qnsalg? r?h%ir‘g‘ie’%c}i\?e‘f%fbgelhioght he
chkcge SR e Ve shorticThacsegiens sl gpgaisy £oRgE o)
ol Pt aebeSer g SR %%g%%ﬁ%iéa%%%{%” a;]eﬁggggﬁgggﬁé chbn e o voLs 22
![ Let gﬁﬁstair?:%%?og\tﬁfg%ﬁsgﬁg%g’%Egeggy‘qt Ir sSj;kéecslearddémltéal%ﬁ%ep@’g?nbﬁlznI-;orrPa'\t/ge
adr esbod the Tormattan of eharTouts enefect o aRpiiRL S 807, 784 to Ky m
?Ceig::ﬁzgegﬁégg‘i‘ﬁ{%m&%fogéghoﬂdaﬁi odgaM tdinge tiFERER, sthen. gxide fill and

to Mehta et al
CNP'- U Sjulll?&]ilecms 53t6%§1’e%g3edges are shallow. That is, silicide will

form within the divot and can grow steeply downwgrds at 28.

It the elongated silicige is below the depth of the junctions

24, formed at a later step, there will be high leakage and

possibly a short. The segregation of dopants, especially

boron, at STI field edges reduces junction depth. After the

junctions are silicided 26, the silicide formed by metal

remaining at the STI divots 22, if they are show steep growth

downwards, can become shorting routes 30 to the substrate.

The consequence of this is large leakage currents from the

source/drain junctions to the well or substrate.

A number of patents have addressed the

formation of shallow trenches. U.S. Patent 5,807,784 to Kim

" teaches an ion implant for oxidation within a trench, then

oxide fill and CMP. U.S. Patent 5,646,063 to Mehta et al

shows ‘an STI process with CMP. U.S. Patent 5,801,082 to

Tseng discloses a spin-on-glass coating and etchback for




shows an STl process wwth CVWP. U.S. Patent 5,801,082 to Tseng di 2%0 S ﬂ
spi n-on-gl ass coating and etchback for 2 2 3 JUL 2005 corner rou rrgﬁ-of2 05
~an STI. U S. Patent 6,001,708 to Liu et al discloses a nitride cap | ayer
over an oxide trench fill to prevent dishing during CW. Co-pending U S.
Patent Application Serial No. 09/405,061 (CS-98-162) to L. C We et al
filed Oncc?x.lr%?lxl 9r% nrdevent? the formati on of oxide divots by form ng oxide
spacers on MErrde BFotRsShhd Ubithg PRtesit peofls98 sputiteretet ch.

Co- pendiqig d4.S ent s ication Serial No. 09/439,6358 (CS-99-148) to H.
T. Kimet al fl.OFS%té‘ %n%??%%ggé%?lea%erﬁ $VEhe SPoPFhET o Hicloyiidd diovots by

deposi t i eerpiolaisiiiingonubaygr cupdercd ha iyl deshl ok, and oxidizing the
polysilicon to protect the edges of the STI. AIF o} ese af orenenti oned
met hods ARR ifiatricge Ssiro ek sNo SUMMMRIS O ITHESHMVENT: ON-Acc orei Rl o1t he

primary obpject of the__invention is to provide a process for formng
shal | ow E?Jlr)etﬁ]“éhe‘ioi"é‘o Eé@?é R°i REEReT e dorentopni af eqr sdeditiduitys. A

o e, POkt oL oL O, L8 R e P St e ol on
and actisdlicon soft Sputter etch. Co-pending U.S. Patent

Application Serial No. 09/439,358 (CS*99—1485 to H. T. Kim et

al filed on 11/15/99 prevents the formation of oxide divoté

by depositing a polysilicon layer under the nitride blocks

and oxidizing the polysilicon to protect the edges of the

STI. All of th%se aforementioned methods use nitride blocks.

SUMMARY OF THE INVENTION

Accordingly, the p;imary object of the
invention is toc provide a process for forming shallow trench

isolation in the fabrication of integrated circuits.

A further object of the invention is to
provide a process for forming shallow trench isolation

wherein oxide divots at the edge of the isoiation and actiwve

regions are reduced or eliminated.




regions are reduced or eliminated. 3 23JUL2005 Still another objhgc:l.tJ LJE éﬁ@
provide a process for formng shallow trench isolation wthout t J 0

nitride blocking layer. Yet another object is to provide a process for

form ng shallow trench isolation without the use of a nitride blocking

| ayer wherein oxide divots at the edge of the isolation and active regions
are reduced or elim naﬁt e.c_{H‘ YeiC anot her objcect of th§ i nventignsi sto
provide a process for Tormi RGOSHEFI 8% tFenth T3 A T'8RF WPERGGT t he use of
anitri b L r i L : 4l I mpl.a i sgugsed to control
t he qugfoc%ggéﬁ% és}?%/ﬁmr’{}?{e g? ggfgé%i%?%h%@rﬁvg}%tei g%ei ?fti provi de a
process it iki@r s gk shql 1Mt rench isolation wthout the use of a nitride
bl ocking | ayer wherein a nitrogen ion inplant is used to control the CWP
process thereby reducing or elimnating oxide divots at the edge of the

i sol ation and active regions. In accordance with the objects of _the
i nvention, a nethod fof*fAMHPSKAICGY tFehthPTLHIR P e et AT oxi de

di vots a%oédy%ge%%glggwtp@éﬁéﬁ”fﬁéf&lf%ﬁdw§%th€ the use of a nitride
blocking layer wherein oxide divots at the edge of the

isolation and active regions are reduced or eliiminated.

Yet another cbject of the invention is to
provide a process for forming shallow trench isclation
without the use of a nitride blocking layer wherein a

nitrogen ion implant is used to control the CMP process.

A still further.object of the inﬁention is to
provide a process for forming shallow trench isolation
without the use of a nitride bloéking layer wherein a
nitrogen ion implant 1s used to control the CMP process
thereby reducing or eliminating oxide divots at the edge of

the isolation and active regions.

. In accordance with the objects of the
invention, a method for forming shallow trench isolation
wherein oxide divots at the edge of the isolation and active

regions are reduced or eliminated is achieved. A trench is




regions are reduced or elimnated is achieved. Atrenchis 4 2 3 ﬂ%}J%?pﬁ
.etched into a sem conductor substrate. An oxide |layer is deposite 805
~overlying the sem conductor substrate and filling the trench. N trogen
atons are-inplanted into the oxide |ayer overlying the trench. The
~Substrate is annealed whereby a |ayer of nitrogen-rich oxide is forned at

the sukftabedointbiea oxdmtie-draiyeico@veubytnged he dd enche Thgeoxigde layer is
pl anarized to the sem conductor substrate wherein the nitrogen-rich oxide
| ayer i sleppantef zederdyiasiths perhanndtbeooxswestrayer andsiitihggin a
portion of the oxide |ayer remaining overlying the trench after the oxide
| ayer &Vér FYPRERt heVSERIBhRIOrsr asabirphitefhsiiiceheeaBitd, conpletely

or nostl erein . the portion of the  oxide |ayer remaining over
t he ST|1%?%3r§§§QéY§Q%o¥ - ﬁ%ﬁéé‘tig%ebé?gﬁé§ﬁﬁ?u§%ﬂﬂﬁqe *french isol ation

and t he wraGlelbve aal 838+ COAPA Bl i HE chobRREL O Of o504 QWi tpench isolation
in the fabrication of an integrated circuit device. BRI EF DESCRI PTI ON OF
THE DRAWMNGScknofhthaccohpanavey divawilpdgsgf onei terech matherei akipart of this
description, there is shown: Figs. 1 and 2 are cross-sectional
: layer is planarized to the semiconductor substrate wherein

the nitrogen-rich oxide layer is planarized more slowly than

the oxide layer resulting in a portion of the oxide layer

remaining overlying the trench after the oxidé layer

overlying the semiconductor substrate has been removed,

completely or mostly removed, wherein the portion of the

oxide layer remaining over the STI provides a smooth

transition between the shallow trench isolation and the

active areas completing the formation of shallow trench

isolation in the fabrication of an integrated circuit device.
BRIEF DESCRIPTICON OF THE DRAWINGS

In the accompanying drawings forming a

material part of this description, there is shown:

Figs. 1 and 2 are cross-sectional

representation of an embodiment of the prior art.




.'-représentation of an enbodi nent of the prior art- S 23JUL2005 Figs ﬁ@
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- through 8 are cross-sectional representations of a preferred enbo

.the present invention. Fig. 9 is a cross-sectional representation of a
-conpleted integrated circuit device fabricated by the process of the
present invention. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The process of
"the present invention yercoges the divot issue by avoiding wet nitride
‘cleans altogether. Re e??rngﬁﬂ%ﬁ?qﬁﬂ%§ Fart cEapartyctioEly. 3, there is

shown a remragonducbas substale, 10,4 Rad axide and nitride | ayer's are not

formed in the process of the present invention. A phdt &S mask is

f ormed oveenttiensurface - of the nitride layer with an opening where the
shallow trench isolation region is to be forned. Using conventi onal

phot ol i t hography and etching techni ques, the sem conductor substrate
exposed within the opeglng s etched into to a depth of between about 2500
and 3000 Angstroms to foFm A 1% rarftiPssrserhdonatkresresnmead.on of

a completed integrated circuit device fabricated by the

process of the present invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

The process of the present invention overcomes
the divot issuedby avoiding wet nitride cleans altogether.
Referring now more particularly to Fig. 3, there is shown a
semiconductor substrate 10. Pad oxide and nitride layers are

not formed in the process of the pPresent invention.

A photoresist mask is formed over the surface

of the nitride layer with an opening where the shallow trench

isolation region is to be formed. Using conventional

photolithography and etching techniques, the semiconductor
substrate exposed within the opening is etched into to a

depth of between about 2500 and 3000 Angstroms to form a

trench 31. The mask is removed.




. 2 3 JUL 2005 After a conventional cleaning stepz t he trenﬁgmks L%Eiﬁﬂggﬁﬁﬁ
an oxide |layer. Optionally, a layer of liner oxide, not s % o e
‘grown within the trench by thernal oxidation to a thlcknﬁss ﬁ between
;gbout 150 and 250 Angstroms. This |iner oxide can round the s alp corne
gf the trench. Then, an oxide |layer 34 is deposited by fﬂen;ﬁ?face gf e
‘deposi tion {CVD) or high density plasnma (HDP) Cyp over e sl orLn
suEstrate and filling éefrénéﬁvv%%tbhumzcﬁg@gEzgg:fﬁgggghgﬁ%ggy#gg e
i n . )
gisig tgif'r?ﬁiﬁedﬁfs“iiﬁg’t egﬁ%?:‘gloy%‘ft’gggopﬂapﬁanﬁlﬁm stuail;ez_r enhi nszeoxg\égrltgl ng
. . o e 6
bat ot o phot of oo o, B0 Bl i AR A R e nenns ¢ o
tern a photoresis aye . _ : : e
ot o1 S e s by 90,2 P
i i | e of between abou :
bet ween A‘Ié"lt’)%*ifon“gf £ F@iﬁolinErlcsx'acmrMmrﬂqugl@d tﬁ@?ﬁﬁé{rlg];%@ﬁgWeYﬁ%govn\?geg? tﬁe
i itrogen into the oxide at e op | .
g'rll'?j E?e@rﬁt%éﬁ#freggﬂgﬁt ag%rr‘i”i‘%ﬁﬁ ARYRY G iserdepssatédib§ abibpupose: 1)

g i i d 2) to break the Si-0
to introgmmﬁrrﬂiggﬁf%ﬂoth@VB?eorq%ﬁﬁ§eeﬁ%ﬁ%gep?gsma)(HDP) CVD over
bonds and so cr

the surface of the substrate and filling the trench, as shown

in Fig. 4. The oxide layer 34 has a thickness of between

about 6000 and 8000 Angstroms. The oxide layver 34 is

polished using CMP until it is bPlanar, but still remains

overlying the substrate 10.

Referring to Fig. 5, an existing mask is

employved to battern a -photoresist layer 35. This is the same

mask as that used to pattern the STI trench.
(N=

Now, a nitrogen

) implantation 37 isg performed using a tilt angle of

‘between about 3 and 7 degrees at a high dosage of between

about 1 E 16 to 1 E 18 atoms/cm? and enexqgy of between about

5 and 20 KeV to iﬁfuse nitrogen intoc the oxide at the open

window over the STI trench. The nitrogen atom implantation

serves a two-fold burpose: 1) to introduce nitrogen into the
exposed oxide and 2) to break the 5i-0 bonds and so create

dangling silicon bonds for merging with nitrogen,




.dangl i ng silicon bonds for merging wth nitrogen. 7 23JUL2005 Th
photoresi.st mask 35 is stripped and the substrate is thermally an
to N-rich oxide thereby formng the nitrided

.convert the N-doped oxide
oxi de layer 40 at the top surface of the oxide | ayer above

(nitrogen-rich)

the trench, as shown in Fig. 6. The annealing can be perforned in 02
_or any inéert gas anbi ent,, at about 1000 C for 5 to 15 m nutes.
"~ Alternatively, the N2 i nﬁ‘FaﬁPﬁF?BﬁSﬁ% sk Fér fisr medippedi gly ti@pper at ur es

of bet neenumbort: 300 aRd:A00:, Gun L, i dist. ) ow_enough for the Nz to merge
| |

with the broken Si-0 bonds.

per f or medt$ Nbtwiach afxitdee thewep
anneal i ng, the masking nmateri aT nmust be a nore
t han photGFest staverndOnitr byentsp chus@gicon :4Qpag, a L h

i%enres% of
about 200_and 500 Angstroms. This step is simlar to tTe pattefn of a

al

¢l 2005

, Nz,

tEMyErat the Rddmmsl antistei on i s

t il antation followed by
| ETRELE ik nm%rl?ﬁgr hRt FyPeautiehiat eri al

bet ween

nitride bi 0ck- 0 Yhe *8TEPPBRatn ofig Tier mathe mehkaws nwhigh ecurs during
Al ;& 30 ipproves planarity. Referring nowto Fig. 7,

t her mal
chem cal

.OC’

rfollowed by annealing,

mechani cal + B=s OF any inert gas ambient at about 1000

“C for 5 to 15 minutes.

Alternatively, the N2 implantation can be

performed at high temperatures of between about 300 and 900

or just low enough for the Nz to merge with the broken

Si-0 bonds. Iflthis high temperature N2 implantation is

Performed instead of the lower temperature implantation

the masking material must be a more

thermally stable material than photoresist.

The nitrogen-rich region 40 has a thickness of

between about 200 and 500 Angstroms. This step is similar to

the pattern of a nitride block on the sTT location. Thermal

r 0 ’ «
eflow, which occurs during thermal annealing, also improves

pianarity.

Referring now tg Fig. 7, chemical mechanical

polishing (CMP) is performed to planarize the oxide layer

The N-rich oxide portions 40 will he removed at a lower rate



,polishing'(cmmg'is performed to 8IaParifgm;Perg?Ldg ;ageSUL ;885htgbﬁﬂ5 gmﬁ
oxi de portions 40 wll be renoved at a \ Al bl ok 200 o
. m cal *resi stance. This results in a _
Eﬁgbﬁéefgeextending into the actlvehargﬁp(geggggg ?L &E?c%lhés?ngiethe

i hows a point in the n: |
]nplﬁn}% FI?d has een rgnnved CWP continues until the silicon
g\l;g;t)r/atg 18‘ %O %Eﬁ C*%?é“ls‘%?dvmeeﬁseagceS ﬂu,ds steﬁgrsaaltngaa\%/ll?dl 3amgl 9

t I SUl tra reached i n order

fLgpgﬁgs??g?ggrAPE%%%f$gl ed OX|Hé g PrPehtRes %4%?Qdamalmnng oxéde over the

Angst.r silicon oxide,
‘substrat éctior exeaplidscdude dF0WHLe100;10,300, Ar el X
'ig fo 20 econds of dilute hydrofluoric ac$ éﬁy gﬁovg Fhe’r emai ni ng

oxi de. AFCBFfafiReiyt mmgﬂeaammrFageaggf%ﬁggxﬁg}g%gﬁg etg %agafﬁeshﬁgoggé
de 40 w e e
g§|gzeg4 E%slgiﬁéchﬁ$§;rEFbWeeporesQaﬂ@le GMHrubdﬂﬂﬁﬂegFﬁntngéﬁ@ CHF3/ Oz,

tion avoids wet
e process of the present inven
ﬁ??r?geogéﬁégéﬁ steps %%1 r éSuFEarhedxiafe shawt sn Fhe. 8. or,

Preferably, CMP is stopped before the silicon substrate ig
reached in order to av01d damaging the substrate A

controlled oxide dip removes the remaining oxide over the

" substrate. For example, for about 100 to 300 Angstroms of

silicon oxide, 10 to 20 seconds of dilute hydrofluoric acid

will remove the remaining oxide.

Alternatively, instead of a cMP step, an oxide

etch back step may be.used. The N-rich oxide 40 will be

etched more slowly than the undoped oxide 34. An oxide dry

etch, for example using CHFa/CFa, CFa/0z, CHF3/0=, and so on,

can be used.

The process of the present 1nvent10n avoids
wet nitride remowval steps that result in oxide divots. The
process of the 1nvention results in a completed filled STI

trench without divots or with divots of reduced depth, as

shown in Fig. 8. The filled STI provides a smooth transition

between the isolation and the active regiocns, thus avoiding




process of the invention results in a conpleted filled STI trenc? alvinﬂogéq
~divots or with divots of reduced depth, as shown in Fig. 8 The fi J
‘provides a snmooth transition between the isolation and the active regions;
thus avoiding 9 --- ---------- 23JUL2005 the "kink" effect. Processing
continues as is-conventional in the art. For exanple, as shown in Fig. 9,
gate el eaﬁfeoci@;s_nﬁzl gRg..source and drain regions 46 may be formed inthe
active regions between Tsol ation regions as is conventional in the art.

El ectrical contacts 50 may be made through dielectric isolation |ayer 48.
The process of the present invention results in the for ITB.tI on of shall ow
trench isolation (STl) Pewtessing simwethubgagsiflo et he i sol ation
regi on ar;:% act% %gl ons. xide divots at the edge ot ltoﬁlé_‘1 STP FE@l on are
elimnate r 8GuEEATP Vi 138 tHevinnenFiion hasgdeen pantigular I4y 3hown and
descri be@owrtgg gggeglg%&? 1o the By eferred enbodinments ther eo? wll be
under st ood by those skiTI'e@ 345 t4hema¥t b?hé‘PrWIm&I@&I&ngel n fqrm and

details megibas between isolation regions as is conventional in the

art.
Electrical contacts 50 may be made through dielectric

isclation layer 4§.

The process of the present invention results
in the formation of shallow +trench isolation (STI) having a

smooth transmtlon between the isolation region andg actlve

regions, Ox1de dlvots at the edge of the STI region are

eliminated or reduced.

While the inventiop nas 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 ang scope of the

invention.

10




made wi t hout departing fromthe spirit and scope of the inventio?uaﬁﬁ
- 23JUL2005 1. A nethod of form ng shallow trench isolation in the L 2005

‘fabrication of an integrated circuit device conprising: etching a trench

into a sem conductor substrate; depositing a trench-filling oxide |ayer
overlying said sem conductor substrate and filling said trench; formng a
lTayer of nitrogen-rich oxide at the surface of said trench-filling oxide
Ilayer overlying said trench; and planarizing said trench-filling oxide

| ayer to said seniconductor substrate wherein said nitrogen-rich oxide
llayer is plaparizeg.qiREE,5!:QMYnd RABL 5A) drik@nehofddibhng: taxi de | ayer
resulting in a portion of said trench-filling oxide layer renaining
overlying sakshdicencdh att &l isakgracknenetulit |ddvige oxirgeiser overlying said
sem conductor © substrate has been renoved wherein said portion of said
trench-filling oxkdeirdeayetrareiaintiong proviedesctarsiyoi-hateir ansition bet ween
said shallow trench isolation and said active areas conpleting said

f or mat | ondof sai deshaitiow 2 ttrepetr Gisdtat io6h9¢ N2 8F PEAbYTEati on of said
I nt egr at ‘
grate ' sald semiconductor substrate and filling said trench;

forming a layer of nitrogen-rich oxide at the
surface of said trench-filling oxide layer overlying said
trench; and

planarizing said trench-filling oxide layer to sald
semiconductor substrate wherein said nitrogen-rich oxide
layer is planarized more slowly than said trench-£filling
oxide layer resulting in a portion of said trench—-£illing
oxide layer remaining overlying said trench after said
trench-filling oxide layer overlying said semiconductor
substrate has been removed wherein said portion of said
trench-filling oxide layer remaining provides a smooth
transition between said shallow trench isolation and said
active areas completiné said formation of said shallow
trench isolation in said fabrication of said integrated

‘circuit device.

2. The method according to Claim 1 wherein said trench

has a depth of between about 2500 and 3000 Angstroms.

3. The method according to Claim 1 further comprising

forming a thermal oxide liner layer within said trench

11




. circuit device. 2. The nethod according to Claim1 wherein said t{gpﬁu gmg
~a depth of between about 2500 and 3000 Angstrons. 3. The net hod 0 Ln

to Claim1 further conprising formng a thernmal oxide liner |ayer within
said trench 11 2 3 JUL 2005 before said step of depositing said
trench-filling oxide |ayer. 4. The nmethod according to Claim1l wherein
said trench- filling oxide layer is deposited by to a thickness of between
about 6000 and 8000 Angstrons. 5. The nethod according to Caim31 wherein
~said step of forming said nitrogen-rich oxide |ayer conprises: formng a

phot or esi st ragk, ovetkylng sélﬁpggsa%@ s§id lei- DG4 de; d pxgradavi ng an

openi ng over said trenc I nmpl anting nitrogen atons into said
trench-fillingyepxide Iayer not covered by said photoresist mask; renoving
sai d photoreS|st mask; and anneal ing said substrate whereby said | ayer of
nitrogen-rich oxide is forned where said nitrogen atons lie within said
trench-filling oxide layer. 6. The nethod according to Claim1l wherein said
step of 4, The method according to Claim 1 wherein said trench-

filling oxide layer is deposited by to a thickness of

between about 6000 and 8000 Angstroms.

5. The method according to Claim 1 wherein séid step of
forming said nitrogen-rich oxide layer comprises:
forming a photoresist mask overlying said trench-
filling oxide léyer having an opening over said trench;
implanting nitrogen atoms into said trench-filling
oxide layer not covered by said photoresist mask;
removing salid photoresist mask; and
annealing sald substrate whereby said layer of
nitrogen-rich oxide is formed where said nitrogen atoms

lie within said trench-filling oxide layer.

6. The method according to Claim 1 wherein said step of

forming said nitrogen—rich oxide layer comprises:

— forming a mask overlying said trench-filling oxide

layer having an:opening over said trench; '
implanting nitrogen atoms into said trénch—filling

‘oxide layer not covered by said mask at a temperature

high enough whereby said layer of nitrogen-rich oxide is

12




formng said nitrogen-rich oxide |ayer conprises: form ng a nask i
g g y mp g ngEfJU{ ﬂ%S

~said trench-filling oxide I|ayer having an opening over said tre
implanting nitrogen atons into said trench-filling oxide |ayer not covered
by said mask at a tenperature high enough whereby said | ayer of '
nitrogen-rich oxide is 12 23JUL2005 fornmed in said trench-filling oxide

| ayer not covered by said mask; and.renoving said mask. 7. The net hod
according to Claim1l wherein said nitrogen atons are inplanted at a dosage
of between about 1 E 16 and 1 E 18 atons/cnR at an energy of between 5 and

20 KeV and atf&@mécl it %gj' e, 0frhet veen about 13,and 7 segrges, 8. The net hod

according to aiml rein said nitrogen-rich oxide |layer has a
t hi ckness of shesween, about 200 and 500 Angstrons. 9. The nethod according

to Caim1l wherein said step of planarizing said trench-filling oxide
| ayer conprises wmhenicalsat@ckahi.cal polishing (CW). 10. The net hod
according to Caiml wherein said step of

7. The method according to Claim 1 wherein said

nitrogen atoms are implanted at a dosage of between about

1 E 16 and 1 £ 18 atoms/cm® at an energy of betwsen 5 and

20 KeV and at a tilt angle of between about 3 and 7

degrees.

8. The method according to Claim 1 wherein said
nitrogen-rich oxide layer has a thickness of between

about 200 and 500 Angstroms.

9. The method according to Claim 1 wherein said step of
planarizing said trench-filling oxide layer comprises

chemical mechanical polishing (CMP).

10. The method according to Claim 1 wherein said step of
planarizing said trench—filling oxide layer comprises

etch back using a dry oxide etch.

11. The method according to Claim 1 further comprising
fabricating semiconductcr device structures in and on
sazid semiconducter substrate between said shallow trench

isclation.

13




pl anari zing said trench-filling oxide |ayer conprises etch back j a
dry oxide etch. 11. The nethod according to Claim1 further conpr?giggL 2005
fabricating sem conductor device structures in and on said sem conductor
substrate between said shallow trench isolation. 13 2 3 JUL 2005 12. A
met hod of formng shallow trench isolation in the fabrication of an
integrated circuit device conprising: etching a trench into a

sem conductor substrate; depositing a trench-filling oxide |ayer overlying
sai d sem conductor substrate and filling said trench; formng a
phot oresi st mask overlying said trench- filling oxide |layer having an

openi ng over said trench; inplanting nitrogen atons into said

trench-filling. oxigdenb@ysr £8af:ngO¥eadwbyrsahd: fhatosesinstndrask and
anneal i ng said substrate whereby a |ayer of nitrogen-rich oxide is forned

at the surfac@vefcadid ¢7 @aAchndddrkt & cioxbhde dekayer comerilsyhng sai d trench;
thereafter renoving said photoresi st mask; and planarizing said
trench-filling oxétdérihayerrenclsdinc semnconductor ssbbstatate wherein sai d
ni trogen-rich oxide '
: : depositing a trench-filling oxide layer overlying
said semiconductor substrate and filling said trench;
forming a photcoresist mask overlying said trench-
filling oxide layer having an opening over said trench;
implanting nitrogen atoms into said trench-filling
oxide laver not covered by said photoresist mask and
annealing said substrate whereby a layer of nitrogen-rich
oxide is formed at the surface of said trench-filling
oxide layer overlying said trench;
thereafter removing said photoresist mask; and
planarizing said trenéh—filling oxide layer to saild
semiconductor substrate whereln said nitrogen-rich oxide
layer is planarized more slowly than said trench-filling
oxide layer resulting in a portion of said trench-filling
oxide layer reméining overlying said trench after said
trench-filling oxide layer overlying said semiconductor
substrate has been removed whereln said portion of said
trench-filling oxide layer remaining provides a smooth
trangsition between said shallow trench isolation and said
active areas completing said formation of said shallow

trench isolation in said fabrication of said integrated

circuit device.
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layer is planarized nore slowy than said trench-filling oxide | r
resulting in a portion of said trench-filling oxide |ayer renainfﬁgJUL 2005
overlying said trench after said trench-filling oxide |ayer overlying said
sem conductor '~ substrate has been renoved wherein said portion of said
trench-filling oxide |ayer remaining provides a snooth transition between
said shallow trench isolation and said active areas conpleting said
formation of said shallow trench isolation in said fabrication of said
integrated circuit device. 14 2 3 JUL 2005 13. The nethod according to
Claim 12 wherein said trench has a depth of between about 2500 and 3000
Angstrons. 14. The nethod according to Caim 12 further conprising

formng a thersmal naxidendd ReRolAVEN c MRl A Saldetdi@Nchiq Retone said step of
depositing said trench-filling oxide layer. 15. The nmethod according to.
Claim12 wherngisnaSddgdn &f eR€hed:i labbig 26%0dend ayer Ansstlepesited to a

t hi ckness of between about 6000 and 8000 Angstrons. 16. The net hod
according to Claim12 wherein said nitrogen atons are inplanted at a

dosage of between about
14. The method according te Claim 12 further comprising

forming a thermal oxide liner layer within szid trench
beéfore said step of depositing said trench-filling oxide

layer.

15. The method according te Claim 12 wherein said
trench—-filling oxide layer is deposited to a thickness of

between about 6000 and 8000 Angstroms.

16. The method according to Claim 12 wherein said
nitrogen atoms are implanted at a dosage of between about
1 & 16 and 1 E 18 atoms/cm? at an energy of between 5 and
20 KeV and at a tilt angle of between about 3 and 7

degrees.

' 17. The method according to Claim 12 wherein said
nitrogen-rich oxide layer has a thickness of between

about 200 and 500 Angstroms.

18. The method according to Claim 12 wherein said step
of planarizing said trench-filling oxide layer comprises

chemical mechanical polishing (CMP).
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1 E 16 and 1 E 18 atons/cn2 at an energy of between 5 and 20 Kewzgfﬁ Etgﬁ
tilt angle of between about 3 and 7 degrees. 17. The nethod acco 8 t J
Claim 12 wherein said nitrogen-rich oxide |layer has a thickness of between
about 200 and 500 Angstrons. 18. The met hod according to C aim 12 wherein

said step of planarizing said trench-filling oxide |ayer conprises
chem cal nechanical polishing (CwW). 15 2 3 JUL 2005 19. The net hod
according to Claim12 wherein said step of planarizing said trench-filling

oxi de | ayer conprises etch back using a dry oxide etch. 20. The net hod
according to Caim112 further conprising fabricating sem conductor device
structures in and on said sem conductor substrate between said shall ow

trench isolaty ong, ket AdTelngg o £9TdTLag Shakbow f cenghckgol ation in the
fabrication of an integrated circuit device conprising: etching a trench

into a sem caydyctirisubstdaatiec WdcRotH11UsH Ngki@enidydrdecdd-aeks ng | ayer;
depositing a trench-filling oxide |ayer overlying
etch back using a dry oxide etch.

20. The method according to Claim 12 further comprising
fabricating semiconductor device structures in and on
said semiconductcor substrate between sald shallow trench

isolation.

21. A method of forming shallow trench isclation in the
fabrication of an integrated circuit device comprising:

etching a trench into a semiconductor substrate
without using a nitride blocking laver;

depositing a trench-£filling oxide layer overlying
said semiconductor substrate and filling said trench;

‘forming a mask overlying said trench-filling oxide
layer having an cpening over said trench;

Iimplanting nitrogen atoms at a tilt angle of 3 to 7
degrees into said trench-filling oxide layer not covered
by said mask whereby a layver of nitrogen-rich oxide is
formed at the surface of said trench-filling oxide layer
overlying said trench;

thereafter removing said mask; and

planarizing said trench-filling oxide layer to said

semiconductor substrate wherein said nitrogen-rich oxide
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Esaid sem conductor substrate and filling said trench; formng a
- g 9 2 TRFNUL 2005

overlying said trench-filling oxide |ayer having an openi ng over

trench; inplanting nitrogen atons at a tilt angle of 3 to 7 degrees into
-said trench-filling oxide | ayer not covered by said mask whereby a | ayer

of nitrogen-rich oxide is fornmed at the surface of said trench-filling

oxi de layer overlying said trench; thereafter renoving said nmask; and
"planarizing said trench-filling oxide |layer to said sem conductor

substrate wherein said nitrogen-rich oxide 16 23JUL2005 |ayer is

pl an_ari zed nqggeélig%%anta?filg é@rjogetgl%@g -franl 500 Q&E%Jf@:ygfngr esul t! ng in a
portion of sard trench- |IT|ng oxi de Tayer remaining overlying said trench

after said premch=f i} ldagioxide: h aygbrovar byi g asatéhensen conduct or
substrate has been renoved wherein said portion of said trench-filling

oxi de | ayer reDmidfy Agidgrayeresmaisimyobhetlvansiddigntirtoheefitsgai d shal | ow
trench isolation and said active areas conpleting said formation of said
shal | ow t r enchid soleathoft 1l hng aixdde f yer catdronied sgafld i ntegrated circuit
devi ce.
' semiconductor substrate has been removed wherein said

portion of said trench-filling oxide layer remaining

provides a smooth transition between said shallow trench

isolation and said active areas cempleting said

formation of said shallow trench isclation in said

fabrication of said integrated circuit device.

22. The méthod according to Claim 21 wherein said trench

has a depth of between about 2500 and 3000 Angstroms.

23. The method according to Claim 21 further comprising
forming a thermal oxide liner layer within said trench
befcre said step of depositing said trench-filling oxide

layer.
24. The method accerding to Claim 21 wherein said
trench-filling oxide layer is deposited to a thickness of

between about 6000 and 8000 Angstroms.

25. The method according to Claim 21 wherein said

nitrogen atoms are implanted at a dosage of between about
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- 22. The method according to Claim21 wherein said trench has a qggép ﬁf
~between about 2500 and 3000 Angstrons. 23. The nethod according t g nggﬁ
~further conprising formng a thermal oxide liner layer within said trench
before said step of depositing said trench-filling oxide |ayer. 24. The
met hod according to G aim21 wherein said trench-filling oxide |layer is
deposited to a thickness of between about 6000 and 8000 Angstrons. 25. The
met hod according to Claim21 wherein said nitrogen atons are inplanted at
a dosage of between about 17 23JUL2005 1 E 16 and 1 E 18 atons/cnR at an
energy of betwgery 3,and 2205KaVns26,7 The.mehbad, aeciidicag 3 aqn¢l aim 21
wherein said step of formng said nitrogen-rich oxide |ayer conprises:
anneal i ng saixd satbstrate whereby said |ayer of nitrogen-rich oxide is

formed where said nitrogen atons |lie within said trench-filling oxide
| ayer. 27. The method according to Caim21 wherein said step of formng
said nitrogen-rich oxide |ayer conprises: inplanting nitrogen atons into

sai d tl'ench-fﬁ6LIiTﬁy method according to Claim 21 wherein said step
of forming said nitrogen-rich oxide layer comprises:
annealing sazid substrate whereby said layer of

nitrogen-rich oxide Is formed where said nitrogen atoms

lie within said trench-filling oxide layer.

27. The method according to Claim 21 wherein said step
of forming said nitrogen-rich oxide layer comprises:
implanting nitrogen atoms intc said trench-filling
oxide layer not covered by said mask at a temperature
high encugh whereby said layer of nitrogen—rich oxide is
formed in said trench-filling oxide layer not covered by

sald mask.

28. The method according to Claim 21 wherein said
- nitrogen-rich oxide layer has a thickness of between

about 200 and 500 Angstroms.,
2%. The method according to Claim 21 wherein. said step

of planarizing said trench-filling coxide laYer comprises

chemical mechanical peclishing (CMP).
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~oxide layer not covered by said mask at a tenperature high enoug?gygggegﬁ
~said layer of nitrogen-rich oxide is forned in said trench-filli kj 05

| ayer not covered by said mask. 28. The method according to Caim 21
wherein said 'nitrogen-rich oxide |ayer has a thickness of between about
200 and 500 Angstroms. 29. The nethod according to Claim21 wherein said

step of planarizing said trench-filling oxide |ayer conprises -<chem cal
mechani cal . polishing (CW). 18 23JUL2005 30. The nethod according to Claim
21 wherein said step of planarizing said trench-filling oxide |ayer

conprises etgh bagk, usifag.a. ALY 0% de1eith HereThesdMRt bogd, according to
Claim2l1 further conprising fabricating sem conductor device structures in

and on sai d gsepi LRRALGIOEasuhstrat-eibet veerisaidyshaldmpwi sgench
i solation. 19

etch back using a dry oxide etch.

31. The method according te Claim 21 further comprising
fabricating semiconducter device structures .in and on
said semiconductor substrate between said shallow trench

isclation.
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