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STl OXI DE DIVOTS- BACKGROUND OF THE | NVENTI ON (1) FIELD OF THE | NVENTI ON
The priesent invention relates to the fabrication of integrated circuit
devices, and nore particularly, to a nmethod of formng high quality
shallow trench isolation (STI) in the fabrication of integrated circuits.
(2) DESCRI RTISOMPOEFTEE WMRIHOD ART REDEICEOOR! ERDMINATD | St @XIPSTDEVOTseften
used in the.fabrication of integrated circuits to separate--active areas.
After the trench has been filled with an oxide, nitride bl ocks restlng on
pad oxi de |ayers over active areas typically serve as. stopping layers for
t he chem cal nechanical|mﬁ%§§ﬁ3ﬂf )T8F ¥H¥E¥E}%% to | eave the oxide
only in the trench. The renoval of the nitride blocks later by wet
chemical cleans, however, induces divots of varying depths to devel op at

t he edges qﬁ)tthﬁﬁlo?egﬁgthﬂvﬁnideWi active region Fig. 1 shows the STI
region 20 formed in the seniconductor substrate 10..Pad oxide |ayer 12 and
nitride 1 ' The present 1nvent10n relates to the

fabrication of integrated c1rcu1t devices, and more

particulafly,'to a method of ferming high gquality shallow

trench isolation'(STI)'in the fab:icatibn.of integrated

circuits.

(2) DESCRI?TION QF THE PRIOR ART

| ' Shallow trench isolation (STI) is often used
in ﬁhe febrication of integrated cifcuits'to separate
active areas. After the trencﬁ has been filled with an
oxide, nitride blocks resting on pad oxide layers over active
areas typically serve as stopping layers for the chem1cal
‘mechanical polishing (CMP) of the.oxide to leave the oxide
only in the trench. The removal of the nitride blocks later
by wet chemical-éleans, however, induces divots of'varying"

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

active regiom.

Fig. 1 shows the STI region 20 formed in the

semiconductor substrate 10. Pad oxide layer 12 and nitride



bl ocki ng | ayer 14 are shown. The figure shows a stage near the end point
of the' CMP step. Next, wet nitride renmoval steps renove the nitride and a
heavy oxide dip renoves the pad oxide. Consequently, divots 22 are forned.
at the edges of the STI, as shown in Fig. 2. These divots are potenti al
hi.dden nodes for silicides, and they are sonetines responsible for htgh

field edgey]kakage lalethes SQHE COlEial N THAIFGHLEBSSRbWE heseeRfigeaare
shallow. That is, silicide will . formwithin the divot and can grow steeply
downwar ds tte 2thd pbiinthefetbagei®dstsad.i ciNgxti,swbel nitthde depidvadf t he '
junctions 24, fornmed at a |later step, there will be high Ieakags and

possi bl y aSers trempye $Bgr B§EFien ¥d o ARy, o¥dfeCcHAP| JemPtRDE %t STI
field edges reduces junction depth. After fhe_ junctigns_are silicided 26,
‘the silici%R fErMes byoRsedRen | H Yt r?é’ejs*urPrﬂFgo?Ea’i‘}? ?4‘3%@ are
show st eepo gr O hyrdowaWahdsm SANFDECOIE STUdd RYvHRY! 88e 30otntfial
substrate. The consequence of this is |arge |.eakage currents fromthe

sour ce/ dr ahiddemnaiddass foa sheivedés prasdibsiavatare Aomembmesof patents have
‘addressed the fornmation of shallow trenches. U S. Patent 5,807,784 to Kim
t eaches anreePensiHpleafiorr §igbxfdald order t ipakags Aénéhe SABARCCHIFHE fill and

CWP. U S. Pat I 5,646,063 t Meht a ‘et | h STI u ith CVP
', patent BBty g8 1gese. ST, SEF ouiRt 100l ek, 3hss Si PEE e

~etchback f95rm-within thg divot and can grow steeply downwards at 28.

. It the elongated silicide is below the depth of ihe junctioﬁs
24, formed at a later step;.therg will be high leakage and |

| possibly a shor?. The.segregation bf_dopants, especially
boron, at STI field edges reduceé junction depth. ~After the
junctions are silicided 26, the silitiae formed by metal
remaining_ét the STI divots 22; if they are Show steep growth
downwards, can bedome shorting rqutes 30 to the substrate.

"The_cpnéequence of this is large leakage currents from the

Source/drain junctions  to the well or substrate.

A pumber of patents have addressed the
formation of shallow tfen&hes. U.S. Patent 5,807,784 to Kiﬁ
teaches an ibﬁ implént 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



2 'corner rounding of an.STlI.. U S. Patent 6,001,708 to Liu et al
discloses a nitride cap layer over an oxide trench fill to prevent dishing
during CWP. Co-pending U S. Patent Application Serial No. 09/405, 061
(CS-98-162) to L. C We et al filed on 9/27/99 prevents the formation of
oxi de divots by formng oxidd spacers on the nitride bl ocks and using a

si'li con sotbraiput +etn&ied.ofCampa&Tdi.ngulUsS. pRaéents, oaplioeatticonideetal No.
09/ 439,358 (CS-99-148) to H T. Kimet al filed on 11/15/99 prevents the
formati on efi dxsdiosesor nitniddepep lrggraopet yan loxigle [taeachudidél tbe
nitride bl ocks and_ oxidizing the polysilicon to protect the edges of the
STI. Al oPTeHeBsE& aishmerfivioma Q‘f&’t-ho&?-a%dhmr' e PSS  SUMVARY OF THE

NVENT] ON Aot SLR0LY, stPE PTGt ABESSl,Of el SYFTUS 41 [ \RgPagi ce @

process forPForﬁf ow trenct in ¢ bri"cati on ~of
integratedadi E¢YlSonfofiH jerpaljekls QBeFE%th!?@&!éﬁ‘déidé3dﬂ¥HE§VQ? a
process for form ng shallow trench isolation wherein-oxide divots at the
edge of the&ormahat behddnspandiyen rehgl adsrade bedekedamd wling Rated. 3
Still another object is to provide a process for- form ng shallow trench
i sol ati on Witlieer spEtuyspuptern etch. - Co-pending U.S. Patent

Application Serial No. 09/439,358 (CS-99-148) to H. T. Kim et

al-filed'on 11/15/99 prevents the formation of oxide divots

by depositing a polysilicon 1ayer under the nitride blocks

and oxidizing the polysilicon to proteét the edges of the

STI. All of these aforementioned methods use nitride blocks.
SUMMARY OF THE INVENTION

Accordingly, the primary object of the
invention is to 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 isolation and éctive

regions are reduced or eliminated.



nitride bl ocking |ayer. Yet another object is to provide a process for
form-ng shal  ow trench isolation without the use of a nitride bl ocking

| ayer wherein oxide divots at the edge of the isolation and active regions.
are reduced or elimnated. Yet another object of the inventionis to
provide a process for formng shallow trench isolation wthout the use of
a nitride blocking |ayer sMianeiafogheni dbpgen isortd mproaitei 8 nsedes® control
the CWP process. A still further object of the inventionis to grovide a
process fofof of oiming hedldwwt teeobhi sovbatn Withawh thiseU§8e©8f2a nitride
bl ocki ng | ayer wherein a nitrogen ion inplant is used to control the CWP
process thetebgerelRefing dr@¥@%h ni nati ng oxi de divots at the edge of 'the
isolation and active regions. In accordance with the objects of the o
i nvention, a method for form ng shallow trench isolation wherein oxide

divots at the edge of theydsolfiiyt 3Bdeas! i¥etolSbPite A Pricedseedonr
elimnated is achieved. Atrench is 4 etched into a seni conduct or

substrat e. fArmaxgdehhdyew tsenclepcsilbedoovwithouy the weiorrd wdtaide
substrate and filling the trench. Nitrogen atons_are inplégﬁgd into the
oxi de | ayd@logképpyilager heheFeh Pxiffe YRLEr ate™PS afFRa? ¢

isolation and active regions are reduced or eliminated.

Yet another object of the invention is to
' prdvide a process for forming shallow trench isolation
without the use of a nitride'blocking layer wherein a

nitrogen ion implant is used to control the CMP process.

R still furfher.object of the in&ention is to
provide a process for forming shallow tfench isolation |
withou£ the use of_a‘nitfide bloéking 1ayer'ﬁherein a

' nitrogen ion implant is used to control the CMP process
thereby reducing or eliminatihg oxide divots at the edge of
the isolation and active regionms.

~. In accordance with the objects of the
inveﬁtion, é method for forming shallow trench isclation
wherein oxide divots at the .edge of the_isolation and active

regions are reduced or eliminated is achieved. A trench is



whereby a layer of nitrogen-rich oxide is forned at the surface of the
oxi de | ayer overlying the trench. The oxide layer is planarized to the
sem conduct or substrate wherein the nitrogen-rich oxide |ayer is

pl anari zed nore slowy than the oxide layer resulting in a portion of the
oxide layer remaining overlying the trench after the oxide |ayer
~overlying ettehednivbadacseniceningtare sistiata. r e vastide daysitetisl vy

“or.nostly renoved, wherein the portion of the oxide |a ercigﬁgining over
the STI pr8¢PRELtadsABSY Y 1RF JHRG (S9TH BREREERT t FRPSHEA TOVERY -drictt 1PS0l at i on

and the active areas c letin he fQr %{' 's{*&é %{§§§%%D I sol ation.
in the fabﬁﬁth&?i%ﬂcgf aﬁg?ﬁ?%%’r‘g#é°d“scia%§ui bggf}?%%. %ﬁl‘ TION OF
THE DRAW NGFylel LURr2GEAGPERY I flesliidM RGS LALELPELE 1BdMdAlegpart. of this
description, "'there.1s"shown: Figs. 1 and.2 are cross-sectional
repr esent atwidrebly anlagbodofenitodgdherijpn axidet is Bofmed.at dhw ough 8 are
‘cross-sectional . representations of.a preferred enbodi ment of the present
i nvention. surface iof gher e¥idsetryonaAvedpriogeibat FopneR- AR Mt
| ntegrat ed o oulf; douioe; LAl LSatRd Dund DG R8s 8Rn 0t - L0 BESN
the nitrogen-rich oxide layer is planarized more slowly than
the oxide layer resulting in a portion of the oxide ;ayer
remaining overlying the trench after the oxide layer
'overlying the éemiconductor substrate has been remo%ed,
completely or mostly removed, wherein the'portion of the
oxide layer remaining over the STI pfovides a smooth
transition between the shallow trench isoiation and the

active areas completing the formation of shallow trench

isolation in the fabrication of an integratéd circuit_deviCe.
BRIEF DESCRIPTION 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 ptior art.



DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS The process of the present.

i nventi on overcones the divot issue by avoiding wet nitride cl eans
altogether Referring now nore particularly to Fig..3,. there is shown a
sem conduct or substrate 10. Pad oxide and nitride Iayers are not fornmed in
the process of. the present invention. A photoresist mask is forned over the
surface of the nitride Imyer. 8 thraagRpeniry shris-deeishalll ow trench
isolation region is to be forned. Using conventional photolithography and
et chi ng t echpresestatimsafi copdefeored semedimantexgfosde wireAentt he openi ng
is etched into to a depth of between about 2500. and 3000 Angstrons to
forma tréREARBEORThe mask is renpved. 6 After a.conventional cleaning
step, the trench is filled.with an oxide layer. Optionally, a |ayer of
liner. oxide, not shown, could be grown within the trench by therna

oxi dation to a thickness pfg bef vy%era abguk. 120 85h S A8 on TBES | i ner

oxi de can round the sharp corners of the trench. Then, an oxide | ayer 34
i s depositadcbyptbest Cattedmid dapesiiti déviéﬂ@a&l‘x&utgiﬁ denshey plasma .
(HDP) CVD over the surface of the substrate and filling the trench, as '
shown in Pirgcess Fhethaipkesentering@nitaona t hi ckness of between about 6000
and 8000 Angstroms. The oxide layer 34 is : o

DESCRIPTION OF THE PREFERRED EMBODIMENTS-'

The procees-of the present invention overcomes
the divet issue by avoiding wet nitride cleans altogether.
Referring now more particularly to Fig. 3, there is shown a
semiconductbr.substrate 10. Pad oxide and n1tr1de layers are

not formed in the process of the present invention.

A photoresist mask is formed ovef the surface
of the nitride layer with an opening where the shallow trench
isolation region_is to be formed. Using conventional
photolithegraphy.and etching techniques, the semiconductor
substrete'exposed_within the opening is etched into to a
depth of betheh about 2500 and 3000 Angstroms to form a

trench 31. The mask is removed.



polished.using CWP until it is planar, but still remains overlying the
substrate 10. Referring to Fig. 5, an existing nmask is enployed to pattern
aphotoresi st layer 35. This is the same nmask as that used-to pattern the
STl trench. Now, a nitrogen (Nz) inplantation 37 is perfornmed using a tilt
angl e of between about 3 and 7 degrees at a high dosage of between about

1'E 16 to-1 E 18 at oms/ CHEt+aRds eoshEbhiGfoRAl WaeRAn2hgUELep, 2tk A0 iRV T O
i nfuse nitrogen into the oxide at the open w ndow over t he sTI trench. The

ni trogen aionfilipdntiahi an otidervaegen. t \Optiend1py, pastaydy ¢ linteroduce
nitrogen into the exposed oxide and 2) to break the Si-O bonds and so
create daerjideg niY ishewnhorayldobe neremouiittin ther sgench 7brhkhermalor esi st
‘mask 35 is stripped and the substrate is thernaII{ anneal ed to convert the
N- doped oxP¥fedatiPintg éh thiriReEhe? BB HHRSH P e 1ALt APded® ni t rogen-ri.ch)
oxi de | aye the face_ of t oxi de, l.ayer % trench, as
shown in %%fﬁ%fgﬁ%é g%ﬁ%aﬁﬁéagcgﬁlé% g%%f?%%ﬁ%éé%hSeggghgfréggzﬁiginert
gas anbi enthateadioid. 1@9Q@n,Cahobxbaé 01 dpe IWItRS deploketiat byetemidel N2
i npl antation can be perfornmed at high tenperatures of between about 800
and 900 vapor deposition (CVD) or high density plasma (HDP) CVD over '

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 layer 34 is

polished using CMP until it is planar, but still remains

overlying the substrate 10.

Referring to Fig; 5, an existing mésk is _
employed to pattern a-photoresist layef 35. This is .the same
mask as that used to pattern the $TI trench. Now, a nitrogen
(Nz) impléntation 37 is performed using a tilt angle of
between about 3 and 7 degrees at a high dqsage of between
about 1 E 16 to 1 E 18 atoms/cm® and energy of between about
5 and ZO-KeV to ihfuse nitrogen into the oxide at the open
window over the STI trench. Thé nitrogen atom implantation
serves a twq—fbid purpoSe: 1) to introduce nitrogen into the
exposed oxide and 2) to'break the Si-O bonds and so create

dangling silicon bonds for merging with nitrogen.



C, or just |ow enough for the N2 to nerge with the broken Si-O bonds. If
this high tenperature N2 inplantation is perfornmed instead of the | ower
tenperature inplantation followed by annealing, the masking material nust
be a nore thermally stable material than photoresist. The nitrogen-rich
region 40 has a thickness of between about 200 and 500 Angstrons. Thi-s

step is simlar to the pehéepRo®dresiRit madk Bbogk PrifRedSHnd edation.
Thermal reflow, which occurs during thernmal annealing, also inproves

‘planarity. skéfstraitegisonheonélly shnesied dal cosebhahi tid NytdoeshiomgdeCMVP) i s
perfornmed to planarize the oxide layer. The N-rich oxide portions 40 wll
be renpved % NrdislecxifdeetBepaPTigiAning ttde aié&xidad feki=aggeaichi s

results in a . fhicker ogide a% t he STIﬁM th %hoglders ex{endin into the
active ar eP¥ W IFTE RO RE EPR (TR AFTARA &t FReFPERAe LFRREBPoint in

the OWP progees. I i o WRSIOlal Bey QYT o9, ] Pasagy 1 omoved. OWP

continues u _ si'Ticon substra e 10 I's Tea s shown in Fig. 8.
O, . pref ergblsorfdd iinS 03t ORREdob el eiddie: Ydd GaRi8HESEE Alkod® 1d@@Rched in

order-to avoi d damaging the substrate. A controlled oxide dip renoves the
remai ni ng oxXC dfodVveretd e mimbsksat e. For exanple, for about 100 to 300
Angstrons. of : o ' ' - -
Alternatively, the N= implantation.can be

performed at high temperatures of between about 800 and 900

°C, or just low enough for the Nz to merge with the brokén_

Si-0 bonds. If this high temperature N> implantation is

performed instead of the lower temperaturg implantation

- followed by annealing, the masking maﬁerial must be a more

thermally stable material than photoresist.

The nitrogen-rich region.40.has a thickness of
between about 200 and 500 Angstrcms; This stép is similar ﬁq
the pattern of a nitride block on the STI location. Thermal
reflbw, which océurs during thermal annealing, also improves

planarity.

Referring now to Fig. 7, chemical mechanical
polishing (CMP) is performed to_planarize the oxide layer.

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



silicon oxide, 10 to 20 seconds of dilute hydrofluoric acid wll renove
the remaining oxide. Alternatively, instead of a CMP step, an oxide etch
back step may be-tised. The N-rich oxide 40 will be etched nore slowy than
t he undoped oxi de 34. An. oxide dry. etch, for exanple using CHF3/ CF4,
CF4/ Oz, _CHF3/ @2, and so on, can be used. The process of the present -

| nventi on gYghliSeo Vel ild Il /810 Rk : SkERSe | Natn L Mduiled oyl de di vots.
The process .o t%e I nvention results 1n a conpleted filled STI trench
‘Wi thout di¢Bigker dkide dtvahe 6frIr edyteghdepidrs asktalding iihtbi gheS. The
filled STI provides a snooth transition between the isolation and the
active regreRdvet pusa alkrciuss oL tthe tiilnkanglecbwelarfyloceddigngcont i nues

as is. conventional {n the _art, For exanple, as shown in Fig. 9, gate
el ect r odes SAFVEn8 PRRY B FiF H*D RTPEGPSNR 48R HEY Tﬁ§?(§¥ﬂ5ﬁ% n the active

i ectrical atxthd Shi9RAE0 T, Youklafh rlr BTt b S or 4s

El ectrical cont
The process;afi cbhespreeeite | 1V eNY QAR b8 shBwh Nen fPIgmtd Oncpf, shal | ow
trench isolation (STlI) having a snooth transition between the isolation
regi on and pacifier@bly, CMP is stopped before the silicon substrate is
reached in order.to avoid damaging the substrate. A
éontrolled 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, instéad of a CMP step, an oxide
etch back.step may be .used. Tﬁe N-rich oxide 40 will be |
etched more slowly than the uﬁdopgd oxide 34. An_oxidg dry
etch, for example uéing CHF2/CFa, CFa/0=, CHF3/0=2, and so on,

can be used.

The process of the_présehtninvention avoids
wet nitride removal steps that result in oxide divots. The
brocéss of the invention 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 regions, thus avoiding



regions. Oxide divots at the edge of the STl region are elimnated or
reduced.- Whil e the invention has been particularly shown and descri bed
with reference to the preferred enbodinents thereof, it will be understood
by those skilled in the art that various changes in formand details may
be made without departing fromthe spirit and scope of the invention: 10
What is cl.anhdedxigkl. efed®@t hod of form ng shallow trench isolation in the
fabrication of an integrated circuit device conprising: etching a trench
into a. sem conductor substrate;, depositing an oxide |ayer overlying said
sem conduct or substrat-€ ahd filling said trench;. formng a |ayer of
_nitrogen-rich' .oxide at thBrORFFide OPLIRNESORPIES | ERFEHAEOMAY A7 $8Rd
trench; and _planari zing said oxide |layer _to sgid sem conductor substrate
iherein o1 FBGoRRPFRRE Dt R HFoAR E18,; dnapRERct T Aas,4) BRln sai d
oxide | ayers ol GhR0qrhind EALAALM OlnaiAkd @¥LflEal BYSEnd (AINING OVerl Ving
said trench after said oxide Tayer overlying sal sem conduct or substrate

has been re/EyieesVBRQkBn SBEE a P 11 ¥yi®hsSakd i 9XEE8vERY EInd 10 MR HiHaJ
provi des a snooth
' art. Electrical contacts 50 may be made through dielectric

isolation layer 48.

Thé procesé'of.the present invention results
in the férmation 6f shallow trench'isolation (STI) having a
smooth transition between the iéolation regidn and actiyg
regions. Oxide.divots.at-the'edge of the STI regioﬁ are

eliminated or reduced.

While the invention has been particularly
shown and described with reference to the preferred - _
embodiments thereof, it will be understood by those skilled
in the art that varibus'changes in form and details may be
made without depa}ting from the spifit and scope of the

invention.

10



transition between said shallow trench i.sol ation and said active areas
conpleti-ng said formation of said. shallowtrench isolation in'said
fabrication of said integrated circuit device. 2. The nethod according to
G aim1 whereig,sai dst C has a depth of between about 2500 and 3000
Angstrons. 3. ?ﬁg J?n%.t hggggcego%ai ng to Aaim1l further conprising formng
‘a thermal -oxi del!l ixeretdrendeofwEbhimiong aglgal Yen direnpdf dselasaidnsieptiod o
depositing said oxide layer. 11 * M 4. The nmethod according to Claim1l
wherein sai d oxFEicaEPR Ofs 3R pBEPTRYCYY TiF B itthideRAESsCBIPHER IMEN about
6000 and 8000 Angstrons.. 5. The nethod according t ai m erein said
step of formng sai?f:r%ltrﬁ'gogae!tfflgpgé 6§F%lea'lsa% c.%@ggﬁ?r%%e?}l%syﬁ]?ﬁ?hg a :
phot oresi st mask ovesdyddig ;3 dnoxkdge ! BYPEr NAMI NG 1310 QRGRI Ng over said
trench; inplanting nitrogen atons into said oxide“layer not covered by
sai d phot or esi sefiB&didUEBYY ist®st@atdephnd Of £5] Sig MSlE taRdcanneal ing said

substrate whereby said | ayer of nitrogen-rich oxide is fornmed where said
nitrogen atons |ie fotming saildyexi dé hayeogen-rich oxide at the
| | ' surface of said.oxide léyer overlying said trench; and
planarizing said oxide laﬁer to said semiconductor
substrate wherein said nitrogen—rich oxide layer is
-planarized more sldﬁly than said oxide layer resulting
cin a portioh'of said oxide layer remaining overlying
éaid trench after said oxide layer overlying said
semiconducéor.substrate has been removed wherein said .
portion of said oxide layer remaining provides a smooth
;raﬁsition between said-sﬁallow trencﬁ isolatioﬁ and
said active areas completing_said formation of said .
shallow trench isoiation in said fabrication of said

integrated circuit device.

2. The methoa 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

before said step of depositing said oxide layer.

11
-
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6. The nethod according to Claim1l wherein said step of .formng said
nitrogen-rich oxide |ayer conprises: form ng amask overlying said oxide
| ayer having an opening over said trench; inplanting nitrogen atoms into
said oxide |layer not covered by said nmask at a tenperature hi gh enough
whereby said layer of nitrogen-rich oxide is formed in said oxide |ayer

not covered by sal dngaakin R thl SIRD S TRSK. A 2rl1d | 44dd lddlad 111

11111111111 7. e net accor aim1l wherein said nitrogén atons
are inplanted atiagedosageepdsDEdavasn w@heutthickndss andbdtveckB Afcwits/ cn? at
an energy of between 5 and 20 KeV and at a tilt angle of between about 3
and 7 degrees. 6@00Thadn8fh0drngsrafishg to Claim 1 wherein said

ni trogen-rich oxi de layer has a thickness of between. about 200 and 500
Angstrons. 9. The nethod accordlng to Caim1l mhereln sald step of

P S0 e e B0 s BB SETPARRE T P o, IR CRL R 90
forming sa;d nltrogen—rlch oxide layer comprises:
forming a photoresist mask overlying said oxide
layer having_ah_opening over said trench;
' ' implanting nitrogeh atoms into said oxide layer not
covered by said photoresisr maek;
removing'said photoresist mask; and .- ,;
annealing said sﬁbstrate whereby said layer of
nitrogen-rich exide is fqrmed where said nitrogen atoms

‘ lie within said oxide layer.

6. The method according to Claim 1 wherein said step of
.forming said'nitregen-rich oxide layer comprises:

forming a-mask overlying said oxide layer haying an
openlng over said trench'

t 1mplant1ng nitrogen atoms into said oxide layer not
covered by said mask at a temperature high enough
wherebycéeid layer of nitrogen-rich oxide ié formed in.
said oride-layer not covered by said mask; and

removing said mask.

12
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.pl anari zing said oxide | ayer conprises etch back.using a dry oxide etch.
11. The.nmethod according to Caiml1 further conprising fabricating

seni conduct of""devi ce structures in and on said sem conductor substrate
bet ween said shallow trench isolation. 12. A nethod of form ng shall ow
trench isolation in the fabrication of an integrated circuit device —

conprising: 137 Fhl kblichbll bBcstdidd 4d IdiinC1l wieSe&h CHAN® i ddcfeeh i nto

a sem conductor substrate; depositing an oxide |ayer overlying said
senmi conduct or satustsy @re amglentedngt saidbsagnolf betweanngbeuphbt®ridsi st

mask overlying said oxide |ayer having an opening over said trench;
i npl anting nit r%)"@fbriL & difs altﬁf“6/§§| 02 B xR LT BT %OPEtHEQEr%daIB@ 2%ii d

phot or esi st mas n ealln sald trate wh y y : |
nitrogen-rich olg?\g i‘a LapnehR %gﬁfeaté“éee& g BXFH% ?ayer over | yi ng
said trench; thereafler rermw ng sai d phot oresi st mask and planarizing
sai d oxide |ayer to said sem conductor substrate mhereln sald
nitrogen-rich.oxide | ayer is :

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
-planariiing said oxide layer comprises chemical

mechanical polishing (CMP).

10. The method according to Claim 1 wherein said step of
planarizing said oxide layer comprises etch back.using a

dry oxide etch.

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

isolation.:

12. A method of forming shallow trench isolation in the

fabrication of an integrated circuit device comprising:

13
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~planarized nore slowy than said oxide layer resulting in a portion

of -said:oxide |ayer remaining overlying said trench after said oxide |ayer
overlying said.- sem conductor substrate has been renoved wherein said
portion of said oxide |layer remaining provides a snoboth transition between
said shallow trench isolation and said active areas conpleting said -
formation-of said shakhongtdetdhdisdnddd @nsefigahduéedr i eaddtyatef; said
integrated circuit device. 13. The nethod according to Claim 12 wherein
said trench has a dépphsétinetararigsodayR300vandy8eDosa¥dstrons. 14
111111115 1111121 1111 ¢ 1~~1111111 14. The nethod according to Claim 12
further conpri siSFJEPBRRFRGT aSEPRETALE FREILLAEE FRYGrET#RFn said trench

before said step of ge ositin g i d_oxide | ayer. 1?..The net hod. accordi ng
Lo O ai m12 wherein SSPHLBY HPRPSRRSTS: AEEs UBALYS TRt RIHEE of
- between about 600Q e 2d 30802 ANGSLA OAF - ovit: sgl% +r@RERod. according to

Claim 12 wherein said nitiogen atons are Inplanted at a dosage of between
' implanting nitrogen atoms into said oxide layer not

co?ered by said photoresist mask and annealing said
substrate.Whereby'a layer of nitrogen—rich oxide is
formed .at the surface of said oxide layer overlying said
trench;
thereafter removing said photoresist mask; and
planarizing said oxide layer to said semiconductor
substraté'Qherein said nitrogen-rich oxide layer is
planarized more slbwly than said oxide layer resuiting
in a portioﬁ of ‘said oxide layer remaining overlying
said trench after said.oxidg layer'overlying said .~
semiconductor substrate has been removéd wherein said
. portion of said Sxide layer remaining prévides a smooth
transition between said shallow trench isolation and
said active'areas completing said formation of said

shallow trench isolation in said fabrication of said

integraféd circuit device.

13. The method according to Claim 12 wherein said trench

has a depth of betWeen about 2500 and 3000 Angstroms.

14




about 1 E 16 and 1 E 18 atons/cnR at an energy -of between 5 and 20 KeV and
at a tilt angle of between about 3 and 7 degrees. 17. The .nethod according
to Caim12 wherein said nitrogen-rich oxide |ayer has a thickness of.
between about 200 and 500 Angstroms. 18. The nethod according to Claim12
wherein said step of planarizing said oxide |ayer conprises chemical ™
mechani cal pol i 3L ngh¢ G} hod B cchrelingt todCaator ik nfuttthed alomptd swhegr ei n
said step of planarizing said oxide |ayer conprises etch back wusing a dry
oxi de etch. 15 fermingjaghenmal pridpiiper]iayver (whthinfaifetye@cBecor di ng

to Caim12 further conprisin fabyi cat.ing sem conduct devi ce structures
in and on sai dg§gﬂf80%8hét%?g%tfb€tieﬁ°§l é%?eéﬁlga?ﬁl€$$§ﬁ51 rench
i solation. 21. A method of form ng shallow trench isolation in the

fabrication of an integrated circuit device conprising.:.- etching a trench
into a sem condyet, ofrheUREEREH Caccording to Claim 12 wherein said oxide

layer is deposited to a thickness of between about 6000

and 8000 Angstroms.'

lé..The_method_accordiﬁg td Claim 12 wherein said
nifrogen'atoms are implanted at a dosége of between
about-llE 16 and 1 E_lS atbms)éhz at an energy of
between 5 ahd 20 ReV apd aﬁ'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 accordihg to Claim 12 wherein said step
of pianariiing said oxide layer comprises chemical
mechanical polishing (CMP).

19. The method according to Claim 12 wherein said stép
of planarizing said oxide layer comprises etch back

using a dry oxide etch.
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Wi thout. using a nitride blocking |layer; depositing an oxide |ayer
overlying said sem conductor substrate and filling said.trench; formng a
mask overlying said oxide |ayer.having an opening over said trench;

i npl anting nitrogen atons at a tilt angle of 3 to 7 degrees into said

oxi de | ayer not covered by said mask whereby a |ayer of nitrogen-rich-oxide

is formed at thg, S@ﬁ&%@t&td sRidbrthde chayehifVes | siAtheiRicdnb-e8¢hg
t hereafter removing sai d nask; and planarizing said oxide layer to said

sem conduct or. fabbstaaiﬁgv&&mxudmdm@mdrnabvogenstru&tubesM1d aydr ohs.

pl anari zed nore slowy than said oxide |layer resulting in a portion of
sai d oxi de | ayesaidnapniagndnetdyyisvpstsaite betvesn $23id shwld cvxitgenrchyer
~overlying said _sem conductor substrate has been renoved wherein said '
portion of saidXSRt88*PRyer renmining provides a snooth 16 1111, ~1~11111
111~~111 111111~~ 1 transition between said shallow trench isolation and

21. A method of forming shallow trench isolation in the
fabfication of an inteérated circuit device comp:ising;-“
efching a trench inﬁb a semiconductor substrate
withqut_using a nitride blocking layer;
| depositing:an oxide layer dverlying éaid
semiconductor substrate and filling said_trénch;
formigg a mask overlyin§ said oxide layer having an
opening over said-trench} .
implanting nitrogen atoms at a tilt angle of 3 to 7
degrees into said o#ide layer not covered bf'said
mask whereby a layer of'nitfggen-rich oxide is formed at
the surface of said oxide layer overlying said trench;
| thereafter removiﬁg said mask; and
planarizing said oxide layer to said semiconducth_
subsfrate'wﬂerein said nitrogen-rich oxide layer is
planarized more slowly than said oxide layer resulting
'in a pof%ibn of said oxide layer remaining overlyin§
said tfench after said oxide layer overlying said |
semiconductor substfate has been removed wherein said

portion of said oxide layer remaining provides a smooth
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said active areas conpleting said formation of said shallow trench
isolation in said fabrication of said integrated circuit device. 22. The
met hod according to C aim 21 wherein said trench- has a depth of between
about 2500 and 3000 Angstroms. 23. The nethod according to Caim21
further conprising formng a thermal oxide liner layer within said trench
bef or e-sai-d st eprafsilfejmsidetwpesaisdidxistiellayetreizh iHvd atgiomodndccor di ng
to Gaim2l1 wherein said oxide |layer is deposited to a thickness of -
bet ween about 68883 R BHETF- AT YSORPFELing, sFhe FRIMRId e &Fr 63§ to A aim
21 wherein said g‘Qtig[i.rogen atons_ are .inpl.anted a% a dosage of_ between about
- e

1 E 16 and 1 E $825{OWsFEHF St A EF g Rofal et REFCE- 1M o SRé¢  26. The
met hod accordingngg_g alan & Whereidased step of forming said
e

nitrogen-rich oxi ayer conprises: annealing said substrate whereby said
| ayer of nitrogen-rich oxide is forned where said nitrogen atons 17 [!11]uj
FEErer teerrt rrerr e 1l L Ns lie within-said oxide layer. 27. The
met hod accor di h@2t.oTBeanetiodtrreinrdisy dosCdpinf 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

before said step of depositing said'oxide laYer.

24. The method according to Claim 21 wherein said oxide
‘layer is deposited to a thickness of'between about 6000

and 800Q Angstroms.

25. The method according to Claim 21 wherein said
nitrogen atoms are implanted at a dosage of between

about 1 E 16 and 1 E 18 atoms/cm® at an enéfgy of

between 5 and 20 KeV.

26. The Method according to Claim 1 wherein said step of
forming said niﬁrogen-rich oxide layer comprises:
annealing said substrate whereby said layer of

nitrogen-rich'oxidé is formed where said nitrogen atoms

17
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formng said nitrogen-rich oxide |ayer conprises: inplanting nitrogen
atons i-mto said oxide |ayer not covered by said nmask at a tenperature high
enough _.rf’ whereby said | ayer of nitrogen-rich bxide is forned in said
oxi de | ayer not covered by said mask.. 28. The net hod according to claim?21
~ wherein-said nitrogen-rich oxide |ayer has a thickness of between about
200 and 500 AngsheogBch29. sdite dBidewod ageeqrding to Caim 21 wherein said
step of planarizing said oxide | ayer conprises chem cal nechanica
polishing (CW). 30. The nmethod according to Claim21 wherein said step of
pl anari zi ng sai d oxide | ayer conprises etch back wusing a dry oxide etch.
31. The Met hod &Fcofbengetiod ad¢garAEinatoh&Raédnpr vReYRAD feiid sdePngt

sem conduct or devi ce structures in-and'qg s%id sem conduct or substrate
chy oxige

“between sai d shd 8w Fr 8ALH PHERERN O, 11V PE1COMRTYSES 111 L

1111111111 S implanting nitrogen atoms into said oxide layer not
covered by said mask at a temperature high enough-
whereby Said layer of nitrogen-rich bxide is formed in

said oxide layer not covered by said mask.

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

about 200 and 500 Angstroms.

29. The method éccording to Claim 21 wﬁere;n'said step
of planarizing said oxide layer_comprises chemical

mechanical-polishing (CMP).

30. The method according to Claim 21 wherein said step
6f planarizing said oxide layer comprises etch back

using a dry oxide etch.

31. Thefmefhod according to Claim 21 further comprising
fabricating semiconductor device structures in and on

said SemiconduCtor substrate between said shallow trench

isolation.
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