I solation Structure Wth N trogen-Containing Liner And Methods O

Manuf acture [0001] This application clainms the benefit of U S. Provisional
Application No. 60/495,316 filed on August 15, 2003, entitled Isolation
Structure with Nitrogen-Containing Liner and Met hods of Manufacture, which
application is hereby incorporated herein by reference. CROSS- REFERENCE TO

oD APy ATt ol GG B e A WG A PR E £ COR B iagp! | 24 1o

pat ents and co- pendi ng, nl'y-assi gne :
t hese docunents is incor pgﬂﬁg@e Q%My’lmﬁaetmmce. Pat entor Serial No

Filing Date |ssue Date 10/423,513 April 25, 2003 6,020,621 January 28,
1998 February 1, 2000 TECHNI CAL FIELD [0003] The present invention relates
to the fIO0& of Teisiapplichiion oglaitiey tieebenaahiTINE PRRSHl bidatdONe |
formation of inproved isolation structures with nitrogen-containing

liners. X '
(60/495316 filed on August 15, 2003, entitled Isolation Structure with

Nitrogcn-éontaining Liner and Methods of Manufacture, ,whi_c’h application 1s hereby

incorporaa_‘.éd herein by reference.

CRQSS—REFERENCE TO RELATED APPLICATIONS

[0002] This application relates to the following patents - éud co-pending,
| commonly-assigned pétent applications. Each of these documents is incorporated herein

. by refereﬁce.

Patentor SerialNo Filing Date Tssue Date
10/423,513 April 25, 2003
6,02Q,621 - | January 28, 1998 ‘Febmary 1, 2000
~ TECHNICAL FIELD g

[0003}] - The present invention relates to the field of semiconductor devices, and more
specifically, to the formation of impi‘oved isolation structures with nitrogen-containing

liners.



1 BACKGROUND [0004] Shallow trench isolation (STI) is a common isolation
technol ogy for -insulating active areas in integrated circuits,

particularly integrated circuits- with sub quarter mcron di nmensions. An
exanpl e of one common shallow trench isolation structure is showmn in FIG
1, wherein a wafer 100 has a substrate 110 having'isolation trenches 112

for med t h&TRGRT@substrate 110 is typically sillicon. The isolation
trenches 112 are typically filled with a dielectric material, such-as a
silicon oxide or another oxide. The isolation trenches 112 i sol ate active

CFaeua1 5 of L ne. 1oy mo o CbAROSISTRY 1 08 AR Ml e B AR Db ettt ng

sidewal I s of the isolation trenches occur
steps. As a result of the oxidation and .the volune expansion that occurs

during thasdatingatarove, m@y{egnteogﬁga)rmh e ik may. b nduced jn the
adj acent active regions 116. The conpr esgsll @iﬁe%sm?eggaﬁ?cl LIGRIE, it o
vol une Zg)((yganm on in a confined space. [0006] To solve this problem

sever al ridatéremichay Gmeegenr KRS f Obf flgé'jl

isolation structures with nitride lin res @eéner ar“ﬁg"sg ’rsir)}]g‘g%s use
a nitride liner to prohibit or reduce further trench sidewal I oxidation in
order to smcmre 1s shown in FIG. 1, wherein a wafer 100 has a substrate 110 having isolation

trenches 112 formed therein. The substrate 110 .is typically silicon. The isolation

‘trenches 112 are typically ﬁlled with a dielectric material, such as a silicon oxide or

~ another oxide. The isolation trenches 112 isolate active regions 116 from each other.

,[0(.]05] Duﬁng fabrication, oxidation of the sidewalls of the isolation trenches mi;y _

occur during subsequcnﬁ p.rocessing. sfeps. As a result of the oxidation and the volume
 expansion that occurs during the oxidation, however, compressive stress may be induced
in the adjacent active regions 116. The compressive stress results becanse of volume

expansion in a confined space,

[0066] To solve this problem, several approaches have been proposed for the
formation of trench isolation structures with nitride liners. Géneraﬂy, these approaches
‘use a nitride liner to prohibit or reduce further trench sidewall oxidation in order to

| reduce the. stress introduced by the trench filling material. For éxample, U.S. Patent No.



reduce the stress introduced by the trench filling material. For exanple,
U S..Patent No. 5,447,884 issued to Fahey et al. describes a shallow
isolation trench with a thin nitride .liner; U S. Patent No. 6,461, 937
issued to Kimet al. describes nethods of forming trench isolation
structures containing a silicon nitride |ayer stress relief layer; US. .

Pat ent No. 5 §1728dl (4R 41 d to ,Hong.et al.,  describes nethods of form ng
trench isolation rlesglggntg%%%yt‘f{ aéﬁ)eé 5 ddiralion splationdeench yathsa tham gittifles,
Patent Nos. 6,461,937 and 6, 251, 746 describe nitride layers overlying a

il [ Al [ jcal ly. -th | t I ted
Ferpor at ur 6. CF 008 k1% STAL AT BRIt MiRch €7 s bte: oot PEProsE deteton of
the trench sidewalls and, thus, reduce the conpressive stress that

resul ts, niisdlaiy dihldek : by formed with an intrinsic stress in the
film In addition, ol ritlns B st PUGE Javiet Seess et ey He. |Paisat No.
defects or even cracks may be fornmed at weak regions in the active regions, -

o oposcd Lo ban - aet a6 1o of Aol SlBOd of PReBEae iolion tedons ng

the influence of the nitride liner on the active region. The use of an
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describe niuide layers overlying a silicon oxide layer that is typically thermally grown at

an elevated 'tcmperature. -

[0007] | While the nitride liners prohibit further oxidation of the trench sidewalls and,
thus,‘ reduce the compressive stress that results, nitride liners are usually formed with an
intxinsicrst:ess in the film. In addition, due to’the intrinsic stress in fhc nitride liner,
defects or even cracks may be fo@cd at wéak regions in the active rcgibns, such as at

sharp corners.

_[0008] Furﬂlermorg, approaches have been proposed to use an oxide liner beneath
the nitride line‘r,'t,hus reducing the influence of the nitride liner on the active region. The

use of an oxide liner, however, typicaliy involves a high thermal budget.

[0009] Therefore, thefe is & need for a method of forming isolaﬁon- trenches to

prohibit or reduce the effect of oxidation of the iSdlafion trench sidewalls.. :
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prohi bit or reduce the effect of oxidation of the isolation trench .
sidewal I s. -3 SUMVARY OF THE | NVENTI ON [ 0010] These and ot her problens are
general |y sol ved or circunvented, and technical advantages are generally:
achieved, b ref ered enbodi nents discl osed herein which provides an
isolaI$QNﬂ@¥R£éFﬁH§BHNYENHWaNbgen-containing liner and nethods of

manuf acture. [0010a] In a first aspect, there is provided a nethod of

forniquﬂﬂ i sglation structure, the method conprising: providing a
h

substr avilRgsa 20¢ e peblases e reenerally el vede RE CIFRAVIYSy 9ast one
round 0 : |yi LES 1ir - 0 -4 - ] e
of 't netatiQTEanARR o fehefhulbifb by BARRD UHBRIAG oL BB ilth SUTaGe

oot itbalftide OGNSR BBk Aecnloiife iddnd FERGHs §f hddupRepat eri al

~substanti y trenc renoving a first portion of the
first nitrogen-containing liner and the trench-filling material such that
a second portion of the first nitrogen-containing liner and trench-filling

] 1 o S Y ATl o B SRRt A S
conprising: providing a substrate having a trench fornmed therein and a
““pat't ecRBRTARSLPIPYding @substiatechayingtadransly fopmstt thepan the Feprdrhaving ot lspstiopg rounded
substrate adjacent to the trench; etching a portion of the atterned mask
© to -pulcbriserplying afistnivessd-cenisiviterliver ama dgrariaee efifbe ﬁlﬁ@ﬁ%‘ﬁ’,ﬁn thgdeenshs dommneg
subst raatieictll—rflillilg material over the first nitrogen-containing liner, the trench-filling material substantially
filling the trench; and removing a first portion of the first mitrogen-containing line; ‘ar-xd the tr-ench—filli'ng
.. material such- that a second portion of the first nitro'geﬁ-containing liner ‘and trench-filling material
remains within the trench.
[0010b] - In a second aspect, there is provided a method of forming an isolation structure, the

-.method comprising: providing a substrate having a french formed therein and a patterned mask thereon, -
the patierned mask overlies portions of the substrate adjacent to the trench; etching a portion of the

- patterned mask to pull-back the patterned mask from an edge of the trench; aﬂnealing the substrate in a
gaseous ambient to.form rounded corners: on the trench; forming a nitrogen-containing liner over the
trench and the patterned mask; filling the trench with a trench-filling material; exposing the nitrogen-

" containing liner over the patterned mask; removing a portion of the nitrogen-containing liner overlying
- the patterned mask; and removing the patterned mésk.

- [0010c} In a third aspect, there is provided a method of forming an isolaﬁon structure, the method
‘comprising: providing a ‘semiconductor substrate having a top surface and having a trench formed
therein, the trench having rounded corners in a top portion and having rounded comers in a bottdm
portion; forming l;iu'ogen-containing liner over the trench and the top surface; filling the trench with a

© - trench-filling material; planarizing the trench-filling material such that the nitrogen-containing liner

remains; and removing the nitrogen-containing liner overlying the top surface.

4



gaseous anmbient to. formrounded conmers on the trench; formng a
nitrogen-containing liner over the trench and the patterned mask; filling
the trench with a trench-filling material; exposing the nitrogen-
containing liner over the patterned mask; renoving a portion of the

ni trogen-containing liner overlying the patterned mask; and renoving the
patterne[ﬁwrr?sk. [0010¢c] In a third aspect, there is provided a nethod of

f orm ng % il dBrug pupodimen)disgloged henan.motisedationsengdr wishing: - provi di ng a

sem conductor substrate having a top surface and having a trench forned

t her ei n,subshetetis @RBAIAAVTROisERHBA @EnGOINE e with 3 1iBB QLS 120 ::an a@%ﬁi ng
rounded corners in a bottom portion; formng nitrogen-conta™ing TTner
over the trench and the top surface; filling the trench with a -

tr ench- bid Filledwithed @elodtic rhA@RA! | P WinbBn L5fRRRE! nhlohR0 cAhES (s fHCN that
the nitrogen-containing liner  remains; an renn§ing [ he ' : :
ni trogen-containing |liner overlying the top surface. - -4 [0011 ] In one
enbodi neloke piosialinseieh ﬁera&'i%ar@z[‘adj%&h@{oic}ﬁ@isb 686 el hin @ substrate is

provi ded. The isolation trench iS lined wth a nitrogen-containing material .
and filled wwth a dielectric material. The nitrogen-containing materi al
contacts or is.in close proximty with the active area adjacent to the
isolation trench. [0012] In another enbodi nent disclosed herein the corners

- of the jostdjal BOther @AGIHIAER disLI8A rein the comers of the isolation trench are rounded.

In yet.another embodiment disclosed herein, an active

device, such as a fransistor, is formed near the isolation trench. The active device may

- becovered with an inter-layer dielectric and metal hncs

[0013]. Disclosed herein are several methods of fabricating the isolation trenches. For eXarhple

bl

in one embodiment there is provided a trench is

formed in a enhotrate A nifr - - . R . .
4 SUDsimic. A mifrogen-copfaming Iiner ig deposited upon the substrate, and a

filler material 1s deposited on themitroéén—containing liner. The portions of the
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I n yet-anot her enbodi nent disclosed herein, an active device, ,such as a
transistor, is fornmed near the isolation trench. The active device may
becovered with an inter-layer dielectric and netal |ines. [0013]. D sclosed
herein are several methods of fabricating the isolation trenches. For '
exanpl e, i&rone enbodi ment there is provided a trench is fornmed in a

subst r at e. "ARFEFOYRRINEIHIERNei cvgtairiedén of sealeipostichds AR NS LI @Le, and
a filler material is deposited on the - nitrogen-containing liner. The
portions o ni trogen-containing |iner not contained in or near the
trench is ?g%%tﬁléggﬁ‘tﬁ%ﬁg Ceptaipp@in the idodatiomatench ak alsbatmaved. Mter@Bt ai ned
in the isolation trench are also renoved. Thereafter, an active device,
such as 'aaﬁﬁc?jﬁgi st.or, Erﬁa% be formed adjacent to the isolation trench.
[0014] In AnotBEACHER ISBER 252 traRsisior.apast be formpphdjectnt to thiRoBubS imhe to form
the trench in the substrate. The mask is renpoved after the trench is

f or med. A[(réiﬂié]ogen-contai ning liner is applied, a nd a filler material is
deposi ted he nintanogeNmeDBE 3 R ' |l.EF. DESCRI PTI ON OF THE
DRAW NGS [ 0015] For a nore co%%?gggkgggé?%%&qﬁﬁoﬁu th ‘?{Qpﬁpé@ogli’ﬁmn‘?ﬁ'

i nvention, and the ' S

in the substrate. The mask is removed after the trench is formed. A nitrogen-containing

liner is applied, and a filler material is deposited on the nitrogen-containing liner.



advant ages thereof, reference is now made to the follow ng descriptions
taken in conjunction with the acconpanying drawi ngs, in which: [0016] FIG
1 is a cross-section view of a wafer illustrating isolation trenches;
[0017] FIGS. 2a-2m are cross-section views of a wafer illustrating a
process of formng isolation trenches in accordance with an enbodi nent of
t he pr esBREFDEAIRIPEION (JFOCIBDRAVEBIGS8a- 3g are cross-section views of a
wafer illustrating a process of farmng isolation'trenches in accordance
with an enbodi nent of the present invention; and [0019] FIGS. 4a-4d are

cross-sd8@i5on vFems ofore complete inhletsthiiding NG ehePpREQRSin9bntichOrAMdNehel SOl at i on
trenches in accordance with an enbodi nent of the present invention. -6
DETAI LED DESCRI PTI ON OF | LLUSTRATNE EMBODI MENTS [ 0020] The maki ng and usi ng

of the presiaged yhoeddf ecferedceeibadivmants tar ge diclewase deschiptisiat aiidenbgl ow. |1t
should be. appreciated, however, that the present 1nvention provides many
applicable inventive concepts that can be ermbodied in a wide variety of
speci f i eonjgentior it theliveompayiry drawimgedh miidhs di scussed are nerely
illustrative of specific ways to nmake and use the invention, and do not
limt the scope of the invention,

- [0016] - FIG. 1is a cross-section view of a wafer illustrating isolation trenches;

[0017] FIGS. 24-2m are cross-section views of a wafer illustrating a process of

forming isolation trenches in accordance with an embodiment of the present invention;

[0018] FIGS. 3a-3g are cross-section views of a wafer lustrating a process of
forming isolation trenches in accordance with an embodiment of the present invention;
and

[0019] FIGS. 4a-4d are cross-section views'of a wafer illustrating a process of

) forming isolation trenches in accordance with an embodiment of the present invention.



[0021] FIGS. 2a- 2millustrate cross-section views of a wafer during
various steps of a first nethod enbodi mnent of the present invention. The
process begins in FIG 2a, wherein a wafer 200 having a substrate 210 has
been prepared by applying a hard mask 212 thereto. The substrate 210 maybe
silicon or_glass, but preferably silicon. [0022] The hard mask 212

pr ef er abl yDEGHBELERdSESIRBIION ORN U TATENE BVBODT ¢ayer 216.
Preferably the oxide |ayer 214 conprises a silicon dioxide |ayer forned by

t hermal oxjdation or by chem cal vapor deposition (CVD) techniques using is

t et r a- et hyl09%P} ho-Ehe inclite a6 TESRY oftid PRSK BN pRFerRIICG W RiRhents! 18 [k-hﬁsrs%:ge
| ayer 216 is preferably a silicon nitride (gi 3N4) ‘| ayer ormeéi on top of
t he oxide ] ayer. 214.. The Si3N4 |ayer may be formed using CVD techni ques

using sil c&bibelatro Fi shoald ter arpuecianed, hoove oS, taRthalsROSE tiR ne]?EB ures
rangi ng from about 550 to about 900 Cel sius ZC). -7'511[30023[1 %m%oa tgfrdged mask

218, such as a photoresist nmask, is then formed on the hard mask 212. The
pat t er ned- HaBkaEpligaliaynsetive phvobms dmi sin betegibodled il Qewﬂétvtaﬁétg‘%@ -SE@‘.?HC 218
defines the areas of the hard mask 212 that are to be renobved, preferably
via an etchi n(f:j Eroces_s. The etching process may be a wet or dry,
ani sot r opi O6EE; $Be sRssifis, erehadiments disessed dotmaelgfiusatlive bSspRAfiARISOtS 0PI C
dry etch process. , ‘ ‘ :

.make and u;e'the invention, and do not limit the scope of the invention.

[06021] FIGS. 2a- 2m illustrate cross-section views of a wafer during various steps of
a first method embodiment of the present invention. The process begins in FIG. 24,
wherein a wafer 200 having a substrate 210 has been prepared by applying a hard mask

212 thereto. The substrate 210 may be silicon or glass, but preferably silicon.

[0022] ."Jl.’he hard mask 212 preferably comiarises an oxide layer 214 and a nitride
layer 216. Preferably the oxide layer 214 comprises a silicon dioxide layer formed by
t'herm'al oxidﬁtion or by‘ chemical vapor dcﬁosition (CVD) techm'qhues' using is
tetra-ethyl-ortho-silicate '(TEOS) and oxygen as p.rec'ursor. ’fhe nitride layer 216 is
preferably a silicon nitride (SisNg) layer fom%cd' on top of the oxide layer 214. The SisN,
layer may be formed using CVD techniques using silane and ammonia as precursor

gases, and deposition temperatures ranging from about 550° to about 900° Celsius (C).

.



[0024] FIG 2b is a cross view of the wafer 200 illustrated in FIG 2a
after the patterned mask 218 (FIG 2a) has been renoved and the exposed
areas of the hard mask 212 have been etched away. The resulting wafer 200
exposes areas 219 of the substrate 'that are to be trenched in subsequent
processi%é{OOZS] FIG 2c is a cross view of the wafer 200 illustrated in
FIG 2b Hi%8F i shbattermd mask 208 hash 220pianesifeeRl ik abadmhih bhgeSiihst rat e

210. The patterned hard mask 212 is wused to etch trenches In the substrate
210. The depth of the isolation trenches 220 is preferably about 2000 to
~about 60863421 2puthermagiernbdmarir 21 8anay b6 s pastobesi mAGrA0T The PQ@&E&&]&I&Q{_ _
application. [0026]° FIG 2d is a cross view of the wafer 200 illustrated in
FIG 2c after.a pull-back process has been perfornmed. The pull-back

process +< dpfiaes the asas lof sheploart inoask (f12 hixeardas BeMBmbvel Hreferdiy vidig S O2and
Si 3N4 | ayers, such that the hard mask 212 retreats -8 fromthe edge of the
i solation trench 220. Preferably, the anmpbunt of pull-back fromthe edge of

t he i sol AthiRmpropeshc Ahe 2ohing privesstmaPbé @ webondry, hilfotric HCisAREHc Hicl €SS
depending upon the integrated circuit design. The pull-back process may be
performed by a wet etch process using phosphoric acid at a tenperature in
t he rand&o%Fs. be@raferaligds Meinisotrspic dry etch process. : -

[0024]  FIG. 2b is a cross view of the ‘wafer 200 illustrated in FIG. 24 after the
patterned lmask 218 (FIG. 24) has been removed and the exposed areas of the hard mask
212 have been etched_ away. The resulting wafer 200 exposes areas 219 of the substrate

‘that are to be trenched in subsequent processing.

[0025] | FIG. 2¢ is a cross view. of the wafer 200 illustrated in FIG. 2 after isolation
‘ trenci'les 220 have been created in the substrate 210. The patierned hard mé.sk 212 is
used to etch trenches in the substrate 210. The depth of the isolation trenches 220 is
preferably about 2000 to. about 600().}'&, but may be more or less .as desired for a

particular application.

[0026] FIG. 2d is a cross view of the wafer 200 illustrated in FIG. 2& after a
pull-back grocess has been performed. The pull-back process is used to etch a portion of

the hard miask 212, i.e., the S5i10,.and ‘Si3N4 layers, such that the hard mask 212 retreats

-8-



using an etch tine of about 30 to 2,000 seconds to etch the Si2N3 |ayer,
i.e., nitride layer 216, followed by anot her wet etch process in dilute
hydrofluoric acid at a tenmperature in. } the range of about 10 to 40

Cel sius-using an.etch time of about 2 to 200 seconds to etch the silicon
dioxide, i.e., oxide layer 214. [0027] Alternatively, t he puII-baCk process

may be a dfrymﬂha%ﬂﬁe @fttﬁ@ iR AOR B nMSITY P;ekéf%(l}r,{}ﬁ% ﬁ%§g§§t&f P ﬁ]&ﬁ)ﬁcgieft tté@h at a

silicon nitride, followed by a wet etch in
tenperature in the range of 10 to 40 Cel sius using an etch time of betmeen

[0026] A coner Tound. ma el 220 &t (o 1?’ng meg1 ag ﬂ'caa&ég&il r!incFI G

[ 0028] A coner roundi ng process is then per
2e. The corner rounding process is preferably an anneallng process using a

t enper at ureponf the helepaed R0t desidN0and D%Ek ﬁgcic:%és“rﬁ n§ 8?1‘& g ehao a Wﬁ{ I con

atom m gration. The annealing proces may e oy a taining a
gas such as hydr ogen, nitrogen, helium neon, argon, xenon, conbl nati ons

t hereof ; autclt pckdskBing ihespHoRe akidng t&ﬁpéﬁt’ﬁ}e in tg?-ezﬁﬁg% lo'f' P 18 186 eéé?lﬂ{lf ei n

the range of about 1 to about 1000 Ton. Mst pre however
anneal i ng anbient i's a hydrogen-contai ni ng anbi ent W|th a pressure of

using an etch time of about 30 to 2,000 seconds to etch the SiyNj layer, i.e., nitride layer
216, followed by another wet etch process in dilute hydrofluoric acid at a temperature in.
- the range of about 10° to 40° Celsius using an etch time of about 2 to 200 seconds to etch

the silicon dioxide, i.e., oxide layer 214,

[0027] Altematively,‘ the pull-back process may be a dry plasma etch process using
fluorine chemistry to etch the silicon nitride, followed by a wet etch in dilute hydrofluoric
acid at a temperature in the range of 10° to 40° Celsiusr using an etch time of between 2

seconds to 200 seconds to etch the Si0O,, i.e., the oxide layer 214.

[0028]_ A corner rbund_ing procés; is then performed as illustrated in FIG. 2e. The
- corner rqupdiﬁg. process is preferably an | annealing process using a temperature.of
betWeen 700° to 1000° degrees Cels;us to‘- facilitate silicon atom migration. The |
annealing process mayeméloy an aﬁlbient cbntaim‘ﬁg a gas such és -hydrog'en, nitfogen,

“helium, neon, argon, xenon, combinations thereof; or the like. The annealing ambient -



bet ween about 10 and about 1000 Ton and a tenperature of between about 700
and about 950 C. In general, a higher tenperature and. a | ower pressure
will facilitate nore silicon mgration to formrounded coners. After the
corner rounding process is conplete, the radius of the rounded corner
(reference "R" of FIG 2e) is preferably in the range of about 5 nmto
about 50mamhaf@ J:ssﬁ:%th@i‘arﬁ@%fzﬂ) r ron Vi of the wafer
200 illustrated ﬁ 2e after aoﬁt{?rtgg%%ﬁ%zgﬁaltﬁl{%hgwo}éﬁg feﬁtg

fornmed. Preferably, the nitrogen-containing liner 222 is formed by CvD

t echni quesveveroulie andaisesinbiBnd R, & &rooen—&ﬁteﬂ ?15 %nen(E%Eha' nﬂrn uI !%r 222
can be a single silicom nitride |aye a si oxXynt tri i OXNy | ayer
or a nitrogen-doped silicon oxide rraterl al , vvhere the atom c percentage of
ni t r ogerbetweshhubond 10 @ﬂﬁﬂbc@@']b@@ MoRGarddl D& 155?% ' f GPout S
percent to about 60 percent:. IS undigrgtloo m@ﬁo&%&%&% %t%g?%%@haen% '
materials with an- oxygen dlffu5|on rate | ower than that of silicon oxide

may be udedt. 950030k Gl RhegEBPRmpRnl: R o der ekl RGN SOQ1 21 1 N0

liner 222 is prefera T'he range of agout nm an
although it is understood that thicknesses 10 thinner than or thi cker t han

the rangdicepemighitiof wRprRerdS8sH PRk tARgen:-coRha! Phuding process is

complete, the radius of the rounded corner (reference “R” of FIG. 2e) is preferably in the

-~

range of about 5 nm to about 50 nm.

[0029] FIGS. 2f and 2g are cross-section views of the wafer 200 i]lu;trated in
FIG. 2e¢ after a njtrogen-;ontaiﬁing liner 222 is formed.  Preferably, the
nitrogen-containing liner 222 is formed by CVD techniques known and used in the art.
The nitrogen-containing liner 222 can be a éingle silicon nitridg layer or a silicon
OXynitride S10;N, layér or a nitrogen—doped silicon éxide material, where the atonﬁc
percentage of nitrogen in the nitrogen-containing liner may be in the range of about 5
pf:rccnt 1o abm;t 60 percent.- It is updcrstéod, .howéver, that othef A‘materials with an

oxygen diffusion rate lower than that of silicbn oxide may be used.

{0030]  The thickness Ty (FIG 2g) of the nitrogen-containing liner 222 is preferably

in the range of about 0.5 nm and about 20 nm, although it is understood that thicknesses

-10-



| i ner 222 preferably has an intrinsic stress of between about -1

gi ga-pascals (GPa) to about +2 GPa, where negative stress indicates
conpressive stress and positive stress indicates tensile stress. The
nitrogen-containing liner 222 is preferably a high tensile stress
conforrmal nitride liner. [0031] In accordance with one enbodi nent of the

present i nygntl the. influence of the intrinsic stress in the
ni t r ogen-cont all- (ri:llpaﬁlgor nﬁlﬁk?f %%B’Grfa{lg?es&eﬂﬂeédﬁaﬂ Be tpe The miegerenianingegi on

can be maxini zed by having a nitrogen-containing liner that directly ‘
contacts the _ idewal | s. .The nitrqgen-containing |liner 222

addi tional Ty rpjrzgﬁ%@fsa%mﬁ%%ﬂr it sifess, L et gte thohch gigackasealy (GRRitag
subsequent process steps. Because the nitrogen-containing |liner 222 exerts
a significgpty sbr he silicon lattice in the active region, it is

i mport ant t hat thgpéi‘{aﬁecr%r{mg%[v? isgrgssc EFSCHPTRSAe Fiss b Positye stress
potentially crack or generate dislocations or defects. Sharp corners are
an exanpl engtasyed, regi,ons where stress bhe cqoncentrated and where
defects may be genglr\f%?%e s Ieﬁ]ei @ﬁo,f e?oélfad?lé‘gail‘&?%?éﬂpf gbly subigB densgle ner s
in the upper- and bottom portions of the trench are fornmed prior to the

formati on spbsstdd@rddnhl RESR- taining liner 222. -11 [0032] FIG 2his a
cross-sectional vi ew% k%fehggvafer 200 illustrated in FIG 2f

’[0031-] In accordance with oné embodiment of the present invention, the influence of
the intljnsic stress in the nitrogemcoqtaimng liner 222 on the silicon lattice in the active
region can bé maximized by haﬁng a nifrogen-containing liner that directly contacts the
trench sidewalls. | The nitrogc;:n-containing liner .222 additionally prevents further
oxidation of the trench sidewall during subsequent process steps. Because thé
nitrogen-containing liner 222 exerts é significant stress on the silicon lattice in the active
region, it is important that the silicon lattice contains no weak regionslthat potentially
c;ack or generate dislocations or dcfeg:i:s. * Sharp corners are.an example of such weak
regiong where ‘stress may be concentrated ‘and where defécts may be generated. It is
therefore preffm"ed that rounded c_qrﬁei‘s in the upper and bottom portions of the tren_qh

are forrqed prior to the formation of the nitrogen-containing liner 222.
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after atrench-filling material 224 has been deposited to fill the trench.

The trench-filling material 224 is a dielectric material, preferably
silicon oxide. It is understood that the trench-filling material may in
fact be a conbination of trench-filling materials, such as a conbination

of CVD silicon oxide and CVD poly-silicon. After deposition, the _

anneal at 5 Cemperators o Bob-carhi e of ek e Hr R g e ep T n

argon anbient at 1000 C. [0033] A planarization step I's performed to

pl anar i z&ftdrheresth- ﬁmeﬁfcnhl@tlﬂaﬁ%%ﬁtehbél eh@gﬁﬂ?ﬁ b C@C{%{gl‘ ngen the
519 ]élf@ The

nitrogen-containing lNiner 222 or on the silicon
pl anari zation step may be acconplished, for. exanple using a chentcal

mechani cabterisll 228 RGT{IMR) mRASE Sierd LReArLs i Q0341 FIG
2i is a cross-sectional view of ?ﬁee rwa\fm ?é%géﬂf n#gﬁ &E% 3‘? fb&t[ﬂ?
silicon nitride |ayer 216 and the nitrogen-containing |iner 222 on the

i 'f con itk Filingl el b Biehd € EBYSHaiING: ALELLORRT: SORLAINLAG Liner 222

on the silicon nitride I ayer 216 an e silrconni
renoved, for exanple, by using an etch in hot phosphoric acid fol | oned by

an et ch dombdiatiot exthg¥DOEHiEGH i0gidRCH [ k_ar.e
cross-section views of tihle vvaogle(? %%ioéﬁ g(??éih glll Alf.l[%b&fgm%on the

trench-filling material can be densified by either a pyrogenic oxidation anneal at a

temperature of 800° Celsius or conventional annealing step in argon ambient at 1000° C.

[00331 A plana.'r_ization step is performed to planarize the surface of the
trench-filling material, stopping on the nitrogen-containing liner 222 or on the silicon -
nitride layer 216. The planarization step may be accomp]ished, for example, using a

~ chemical mechanical polishing (CMP) process known.and used in the art.

(00347 FIG 21 18 a cross-sectional Vif.:W of th.c wafér 200 from FIG. 2k after the
silicon nitride layer 216 and the nitrogen-containing liner 222 on the silicon nitride léycr
216 are removed. Thc-nitrgcn-containing 'lincr' 222 dn the silicon nitride léyer 216 and
.the silicon nitride layer 216 can be removed, for exampie, by using an etch in hot

| phospheric acid followed by an etch in dilute hydrofivoric acid.



after the silicon dioxide |ayer 214 has been renoved. Preferably, the
silicon dioxide |layer 214 is renoved by dilute hydrofluoric acid.

Transi stors may then be formed in the active regions. [0036] For exanpl e,
FI GS. 21-2m show a cross-section of the wafer with a tra nsistor fornmed

t hereon. The transistor conprises of agate electrode 226, a gate dielectric
232. After the formation of

228, | 30 d drai i 2 .
t he t?angggﬂg% , rgn e“?'nﬁél?q F@@r}afl%aﬁ'é%é@ﬂ&?%S?q?mwaégﬂ%gu%@twe{ﬂé‘ﬁﬁ #d over

the transistor. The ILD |layer 234 typically has a planarized. surface and

b i gedinl  SiiLi; ide. The IL. DI 234 nay be forned b
Qopost 11 ot etk aactighif yg elfnes Bfen mtred” Thuiishly. B8 Wovmaiondi ¢ he

pl anari zed surface of the ILD |layer 234. The netal |ines are conprised of

hi gh cond 91 : m num copper, and tupgsten. .[0037]
Cont act pﬁgg,ﬁlﬁ%tﬂgﬁ?@f%t& kﬁf,d&?tiu;ﬁr CyRolSt o@faggﬂmﬁé{l%%ﬁﬂ E‘ﬁ‘?"@&éﬂfg e of
the source region 230, the drain region 232 and the.gate el ectrode 226 and
t he. net al ad;twg%égg& For exanple, a tungsten plug can be formed by
depositing tungsten and etching back or planarizing by a CAP process. -13
[0038] FIGS. 3a- 3g illustrate cross-section views of a wafer during

vari ous SEO%BE of : :
‘ ‘ ] For example, FIGS. 2/-2m show a cross-section of the wafer with a transistor

fornf:d thereon. The_ transistor comprises of a-gate electrode 226, a gate-dieléctric 228, a

| §ource region 230, and a drain régioh 232. After the formation pf the transistor, an
igter—layer dieleétric (ILD) 234 may be deposited ovef the transistor. The ILD layer 234
typically has a planarized surface and may be comprised of silicon oxide. The ILD Jayer

| 234 may be formedAby deposition techniques such as CVD. Metal lines 236 may .be
- formed on the planari.zed surface of the ILD layer 23;1. The metal lines are comprised of

high conductivity metals such as aluminum, copper, and fungsten.

[0037] Contact plugs, not shown, :are. typically provided between at least one of the
- source region 230, the drain i'égion 232 and the gate electrbde 226 and the metal line 236.

For example, a tungsten plug can be formed by depositing tungsten and etching back or

planarizing by a CMP process.
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a second net hod enbodi nent of the present invention. The process begins in
FIG 3a, wherein a wafer 300 having a substrate 310 -has been prepared by

applying and patterning a nmask 312 thereto. The substrate 310 may be, for
exanple, silicon or glass, but preferably silicon. The nmask 312 can be -

conprised of a common nmask material such as silicon dioxide, silicon

nitride il itride on a silicon dioxide stack, or photoresist,  but
pref er a&?@giomfﬁ&gabéﬁ)&ﬁf‘t@é‘i gpss-jegpauyieps of aatffrdlupng vaddssePsiobn vi ew of

wafer 300 illustrated in FIG 3a after trenches 314 are etched in the
silicon r at referabl y using a plasma etching technique.

Pref er a%?ﬂ%ﬁg ﬁ@et@@p%ﬂg%fmﬁnggklmﬂéﬁﬁ%%nﬁggn%urlrhezﬂ'lg’eesﬁ Segoo; &G-[m40] FI G
3c is across-section view of wafer 300 illustrated in FIG 3b after the

k 31 dt t h ti [ . Th k 312 b
emoved e R, ERAGE g OB 1D e Pofierepied bLaBTas e pBWENBY an ot ch

in dilute hydrofluoric acid. [0041] FIG 3d is a cross-section view of

waf er 3 ol st pated in Fl c.after oi ner-roundi ng process has been

per f or rrggr.‘dsgejélé‘u{s B O‘grjglgts_ &t’é?feeé?@fm@i %F:cg% FramplRy silicpr @xFlase bt si | i con

mgration can be further facilitated. The corner-rounding process is
preferably silicon. The mask 312 can be comprised of a common mask material such as

silicon dioxide, silicon nitride, 4 silicon nitride on a silicon dioxide stack, or photoresist,

but preferably comprises photoresist.

{0G39] FIG. 3b is a cross-section view of wafer 300 iltustrated in FIG. 3a after
- frenches 314 are etched in the silicon substrate, preferably using 4 plasma etching

technique. Preferably, the depth of the trenches is about 2000 to 6000 4.

_ [00407 FIG. 3c is a-cross-section view of wafer 300 illustrated in FIG: 35 after the

~mask 312 has been removed to expose the active regions. The mask 312 can be

R

-Temoved, for example, by an etch in hot phosphoric acid followed by an etch in dilute

hydrofluoric acid.

[0041] - FIG. 34 is a cross-section view of wafer 300 illustrated in FIG. 3¢ after a

nracess hac heen

-14-



descri bed above with reference to FIG 2e. [0042] FIG 3e is a
cross-section view of wafer 300 illustrated in FIG 3d after, a
nitrogen-containing liner 316 and a trench-filling nmethod 318 is appli ed.
The nitrogen-containing liner 316 can be a single silicon nitride |ayer or
a silicon oxynitride SiOON), |ayer or a nitrogen-doped silicon oxide-
material, preferahly where the atonic ercentage of nitrogen in the

ni t r ogen- c‘%?ﬂoéﬁdnis O i AigFatipe cpi behiarthemgeilitfiecabdbie cbriperaeding procabast 60
percent. The nitrogen-containing liner 316 may be forned, for.exanple, by
CVD, therr é q§#g$tion,of silicon followed by nitridation, or by the
nitridati on ot Peravitbrrfsrencerie Fid dgess of introduci ng nitrogen atons by
exposing a surface to a nitrogen-containing anbient, such as a

ni trogen-containing plasma. [0043] FIG 3f is a cross-section view of wafer

300 111 usti0@4id i FIBL Ge B8 cdshabotion ML Y:YrEl 560 i ALATRTIGAL) QRPL OCESS,

whi ch stops on the portion of the nitrogen-contalning [inér over 6f/r?‘lg t he
active region. The highly selective planarization process can be a CW

process emplragrhrgnaihgiriiitr CHPIhe! AGrGHohTAEAL TAKHSS (. 4 bibe, SHRIPI e
The portion of the nitrogen-containing |iner overlying the a? Ive region is
then -15renoved by an etch process. The etch process, for exanple, can be

a wet et chifrogen-containing liner 316 can be a single silicon nitride layer or a'silicon oxynitride
SiO:N, layer or a nitrogen-doped silicon oxide material, preferably where the atomic -

| percentage of nitrogen in the nitrogen-containing liner is in the .range of about 5 percent

to about 60 percent. The nitrogen-containing liner 316 may b_e formed, for example, by

| CVD, thermal oxidation of silicog followed by nitri;lation, or by -the nitridation.

Nitridation is the process of introducing nitfogen atoms by _exposing a surface to a

nitrogen-containing ambient, such as a nitrogen-containing plasma.
1

[0043] FIG. 3f is a cross-section view of wgfer .300 illustrated in FIG. 3e after a
highly' selective planarization process, which stops on the portion of the

_ nitrogen-cﬁntaining liner overlying the active region.. The highly selective -plﬁnariiation
‘process can be a CMP procé§s employing a slﬁrry coi:npris%ug of cerium oxide CeOj, for

example. Thq portion of the nitrogen-containing liner overlying the active region is then

-15-



phosphoric acid or a plasma etching process. [0044] FIG 3g is a
cross-section view of wafer 300 illustrated in FIG 3f after a transistor
has been formed in the active regions. The transistor conprises a gate

el ectrode 320, a gate dielectric 322, . a source 324, and a drain 326. After
the formation of the transistor, an inter-layer dielectric (ILD) 328 may

be deposid ' r.the transistors., . The ILD |ayer 328 typically has a

pl anari zed sﬁ‘?:‘ﬁgcaen %ﬁ% Pﬁ‘ﬁ?ﬁssbetfg% | ROEESHT (08| 9Xppple. caRilited WHE. D | ayer
328 may be forned by deposition techniques such as Cv/D. Metal |ines, such
as metal 5}d 330., ;may. be formed on theplanarized surface of the ILD |ayer
328: Thepngpgcfréﬁ‘?ﬁ!é)gai)}aém&?ﬁé‘ﬁg?é%eﬁf hi gh conductivity nmetals such as

al um num. copper, and tungsten. [0045] FIGS. 4a- 4d illustrate

cross-section views of a wafer-during various steps of a third method

enbodi mel4dk ¢ HEGPBe deatcrasswenioh Otew B SvakirOSBSBlubeME M $n FIGFbCanidan
wherein a wafer 400 having a substrate 410 in which trenches "412 have been

formed. One process that may be used to formthe trenches 412 is described

above wi Fasisior diaerieen formedl BSthe3active . refoss. S Ubist mhgstﬁmo@ﬁs&easgaké con or
gl ass, but preferably silicon. Furthernore, the coners of the.trenches 412

may or may not be rounded as described * -16
eléttrode 320, a gate djelectric 322, a source 324, and a drain 326. After the formation

of the transistor, an inter-layer-dielecﬁc (ILD) 328 may be deposited over the transis;tors.
The ILD layer ;;?128 typically has 2 planarized surface and may be comprised of silicon
oxide. The ILD layef 328 may be formed by deposition techniques such as CVD.
Metal lines, such as metal line 330, may be formed on the planarized surface of the ILD
.layer 328. The metal ijncs are comprised of high conductivity metals such as aluminum,

copper, and tungsten.

[0045] - FIGS. 4a- 44 illustrate cross-section views of a wafer during various steps of
a third method embodiment of the present invention. The process begins in FIG. 44,
wherein a wafer 400 having a substrate 410 in which trenches 412 have been formed.

T

One process that may be used to form the trenches 412 is described above .with reference

to FIGS. 3a-3c. The substrate 410 may -be silicon or glass, but preferably silicon.

Furthermore, the corners of the trenches 412 may or mé_y not be rounded as described

-16-



above in reference to FIG 3d. If rounded corners are not present in the
starting material, however, they are preferably rounded. If rounded
corners are present in the starting material, they are preferably further
rounded. [0046] Referring nowto FIG 4a, a cross-section viewis shown of
waf er 400 after a silicon dioxide liner 414, a nitrogen-containing |iner

416, and azbdnghaitjelld rial 8 has been deposited on the substrate
410.. The silicon dﬂlegé(e: tﬁ?ﬁ%r@?ﬂnﬁfoﬁlgm FOPNHICCRGR Rssiprgng maieginhg wet
or dry oxidation at a tenperature in the range of 500 to 1000 C. The

ni t rogen- chsWéteni gy lakdn [ n formed.thereon. The . .

ni t r ogen- cont ai ni ngyl i ng{efcﬁogy rl{%%/&d%g f%fﬂ%ﬂ#dfcgfne&wrgﬁe%ﬂrn EyDiatingy
nitridation. In the case where the nitridation process is performed, it

i nt r oducesmaickin 4Rf 'é‘lﬁ@feﬂggy@ﬂlgﬁ%ﬂn?e%xi de liner layer. After the -
ntal ni'ng

formati on of the nitrogen-c I'her 416, a trench-filling materi al
418 is deposited. [0047] FIG 4b is a cross-section view of wafer 400

il ustratg& i@] FI %\ 4a_after a highly selective planarization process has
been perf 088l o Refeming ngwrtpildasdofa erhes-sedidm dewe s stomtneofnvafer 400ndeer 416 and
the trench-filling material 418. The highly selective planarization -
process st%&s on t E'ewf‘g‘ort ion of the nitrogen-containing liner 416 overlying

the active S Paxidslisent haynigegenceaniainisk diver #iGtandr pemheSKing amtbriala OMP
process - '
418 has been deposited on the substrate 410. The silicon dioxide liner 414 may be
formed, for example, using wet or dry oxidation at a temperature in the range of 500° to
1000° C.  The nitrogen-containing lirer 416 is then formed thercon. The
nitrogen-containing liner 416 may be formed, for example, by CVD or by nitridation. In
the case where the nitridation process is performed, it introduces nitrogen into the silicon

oxide liner layer. After the formation of the nitrogen-containing liner 416, a-

trench-filling material 418 is deposited.

| [0047] FIG. 4b is a cross-section view of wafer 400 illustrated in FIG. 4a after a
highly selective p_]énﬁﬁzation process has been performed to remove portions of the
nitrogen-containing liner 416 and the trench-filling material 418. The highly selective

planarization proc'esé stops on the portion of the nitrogeﬁ-containing Iiﬁcr 416 overlying

the active region. The highly selective planarization process can be a CMP process
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-17 enploying a slurry conprising of ceriumoxide (CeQ2), for exanple. The
portion of the nitrogen-containing liner 416 overlying the active region
is then renmoved by an etch process. The etch process, for exanple, can be
a wet etch in phosphoric acid or a plasma etching process. [0048] FIG 4c
is a cross-sectjon view of wafer 400 iIIustrated in FIG 4b after a

portion «$idicon di.oxide |iner as been renoyed. The silicon
di oxi de %ﬁéﬂﬁﬂ%jiu@&?&ppﬁ& Pﬁ%euéf& PRI ? iﬁb zﬂ ri%g%on P?)Fheexanpl e,
by a wet etch in dilute hydrofluorlc aci d. [0049] FIG 4d is a
Cross- seg g lllyustrated in £l 4c aft a transistor
has been %rgéf‘éﬁeﬁh ]? ?fc |v e g’d]igotﬁg ac%rqo}%glfg%%lrexg%\wge%%% e¥hgat e
el ectrode 420 a gate dielectric 422 a source 424, and a drain 426. After

t he for [ istor nt er er dielectric (ILD) 428 may
be dlepo te over {cﬁg)rqc?sgn@f St et Bt?tglijl@rphﬁiélof‘ﬁ"fﬁF‘éﬂl(ﬁ?l[%é? a .

pl anari zed surface and may be conpri sed of silicon oxide. The ILD | ayer
428 may ﬁugugy ; by deposition-techniques such as CvD. Metal lines, such

as netal ,’ may be formed on the planarized surface of the I'LD
| ayer 428. The rret al lines are corrprl sed of hi gh conductivity nmetals such
as al um nu

[00 FIG 4¢ is a cross-section view of Wafer 400 Jllustrated in FIG. 4b after a

portion of the silicon dioxide liner 414 has been removed. The silicon dioxide liner 414
~ covering the active region may be removed, for example, by a wet etch in dilute,

hydrofluoric acid.

[0049]  FIG. 4d is a cross-section view of wafer 400 illustrated in FIG. 4c after a
transistor has been formed in the active regions. The transistor comprises a gate
electrode 420, a gate dielectric 422; a source 424, and a drain 426. After the formation

of the transistor, an inter-layer dielectric (ILD) 428 may be deposited over the-transistors.

M

The ILD l.ayer 428 ‘typically ha§ a planarized _surfz.me and may be-com;;rised of silicon
?xide. The ILD Vl.a'ycr 428 may be formed by -cicpositioﬁ techniques sucfn as CVD.
Metai lines,.such as-metal line 430, may be formed on the planarized surfac:t;, of the ILD
layer 428. The mgtal lines are comprised of high cond‘uctivitylmctals :;uc':'h as alummum

- copper, and tungsten. -
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copper, and tungsten: -18 [0050] Although particul ar enbodi nents of the
i nvention have been described in detail, it is understood that the
invention is not limted correspondingly in scope, but includes all
changes, nodifications, and equivalents comng within the spirit and terns
of the clains appended hereto.. For example, while a shallow trench

i sol ation [hﬁS. |1 ustg}gtg{?, it is understood that this invention may be
ext ended tlo dther ‘MEBPER Paticdler grbodigentsnicihe dneentiprpiavy dren tescobied: e
shal l ow trench isolation structure. Accordingly, the specification and
figures arg. t0.be regarded in an illustrative rather than a. restrictive
sense. -.1§§EaE_IAFI\}E eSO that Jae SRVERESHinBOtlimited carrsspandinglyidn seape, bite

nmet hod conprising: providing a substrate having a trench formed therein,
the trenc [ | east...one rounded corner; applying a first

ni t r ogen- E%an‘?&aé:s %? § ggqgfe"?‘l Sodgficarops, ﬁng E‘i‘?“é?gféltwomjﬁé w5 ths the spisit arditernasef
trench; formng a trench-filling material over the first

nitrogen @Mlﬁhﬁ'aﬂgex{d'eﬁ' Blreto h For example, while a shallow trench isolation is illustrated,

it is understood that this invention may be extended to other isolation structures which are
improvements of the shallow trench isolation structure. Accordingly, the specification

and ﬁgures are to be regarded in an illustrative rather than a restrictive sense.
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trench-filling material substantially filling the trench; and renoving a
first portion of the first nitrogen-containing |iner and the trench-
filling material such that a second portion of the first

ni trogen-containing liner and trendAIM$ing material remains within the
trench. 2. The nethod of cl-aim 1, wherein the step of providing a substrate
I ncl udes: applying a mask | ayer to the substrate; patterning the nmask

| ayer such that the patterned mask | ayer defines the trench; etching the

removi g1 Ko maditrayRet fhfigid By Eehi Il 42903 ésﬁn&t e mask | ayer

renovi ng the mas

conprises a silicon n|tr|de e nmet claim further

conpri si ng r ounHiONHReLSHOSHE §V18$afl>é’é‘:hcfr‘ogﬁ‘é41 CEHR, ﬁﬁ&mgﬁé%e@ﬁfbstrate

-20 5. The method of claim4, wherein the rounding the coners of the trench
one rounded corner;

applying a first nitrogen-containing liner on a top surface of the substrate and

the trench;

forming a trench-filling material over the first nitrogen-containing liner, the
trench-filling material substantially filling the trench; and

removing a first portion of the first nitrogen-containing liner and the trench-
filling material such that a second portion of the first nitrogen-containing liner and

- trench-filling material remains within the trench.

2. The method of claim 1, wherein the step of providing a substrate includes:
applying a mask layer to the substrate;

patterning the mask layer such that the patterned mask layer defines the

trench;

- etching the mask layer and the substrate to form the trench in the substrate;

and

removing the mask layer.

3. . Themethod of claim 2, wherein the mask layer comprises a silicon nitride

mask layer.

4. The method of claim 2, further comprising rounding the corners of the trench

after etching the substrate.
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conprises rounding the corners by annealing the substrate in a gaseous
anbient. 6. The nethod of claim4, wherein the rounding the corners of the
trench conprises rounding the conmers by annealing the substrate in a
gaseous anbi ent conprising hydrogen, nitrogen, helium neon, argon, Xxenon,
or a conbination thereof. 7. The nethod of claim4, wherein the rounding
£ anneal i ng the

the cor nelgs Of.ﬁ@&e&ﬁoﬁ%ﬁ‘%ﬁrﬁgﬁ%&%ﬁﬁmé 90%?#%%& Q(?m r(s), ';)?ﬁqrestr nélljl
substrate I n a gaseous anbi ent, erein ahneal'ing I's péerforned at a
es Cel sius. 8. .The nethod of

tenperature of. about.. 700 to about 950 degr

cl ai m 4, FHBPEYH r?‘Wéh"rg}gﬁﬁ‘?rﬁﬁrS?’HémE Iﬁﬁﬂ? Stb‘gStfar‘i"ellltq'%ﬂﬁE‘?PS 3R ses roundi ng
the corners by annealing the substrate in a gaseous anbient, wherein the
annealing is perforned at a pressure of about 1 Torr to about 1000 Torr.

9. The nethod of claim4, wherein the rounding the corners of the trench
conpr i sesbcr eafhagethod nd eldine d; whersinhthy roupdimgrhelearsero bf thertsentiur e of about 5
nmto about 50 nm 10. The method of claim1l1, wherein the first

ni trogen- eﬁﬂﬁr@ée@fdtﬂdMFQEé cSTRER bl Bl Sk thelilbstrae MUsfleoushmbldig et hod of
claim1l1, wherein the first nitrogen-containing |iner conprises

comprising hydrogen, nitrogen, helium, neon, argon, xenon, or a combination thereof.

7. The method of claim 4, wherein the rounding the comers of the trench
- . comprises rounding the corners by annealing the substrate in a gaseous ambient,
wherein the annealing is performed at a temperature of about 700 to about 950

degrees Celsius.

8. The method of claim 4, wherein the rounding the corners of the trench
“comprises rounding the corners by annealing the substrate in a gaseous ambient,

~ - wherein the annealing is performed at a pressure of about 1 Torr to about 1000 Torr.

9. The method of claim 4, wherein the rounding the corners of the trench
cofnprises creating rounded corners having a radius of curvature of about 5 nm to

about 50 nm.

10.  The method of claim 1, wherein the first nitrogen-containing liner comprises

Si.sub.3 N.sub.4.

11.  The method of claim 1, wherein the first nitrogen-containing liner comprises

silicon oxynitride.
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silicon oxynitride. -21 12. The nethod of claim1, wherein the first
nitrogen-containing liner has a nitrogen content about 5 of about 60
percent. 13. The method of claim1l, wherein the first nitrogen-containing
liner has a thickness in the range of about 5 to about 200 angstrons. 14.
The met hod of claim 1, wherein the trench-filling material is a dielectric.
15. The nethod of claim 14, wherein the trench-filling material conprises
silicon dRi deThe&ettiidefickimddwbérenl the first pitwigen-ebntatrieg imarbas mg i S
perfornmed at least in part by planarizing the trench-filling material. 17.

The met hoditefges baitont bbout\seaBbit doRrg@hanari zing step is a chemi cal
mechani cal polishing step. 18. The nethod of claim1l, further conprising

formng transistors in close proximty to the trench. 19. The nethod of
claim?1, further corrprisi ng: forming transistors on the substrate in close

proximty,50 tli"ﬁe}rlre fcfj qus eregl e ﬁ'rs'i]}u ogler?—%onta%mg nerliql ¢, over the

thickness in the range of about 5 to about 200 angstroms.
14. - The method of claim 1, wherein the trench-filling material is a dielectric.

~ 15. . The method of claim 14, wherein the trench-filling material comprises silicon

oxide,

16.  The method of claim 1, wherein the removing is performed at least in part by

planarizing the trench-filling material.

17.  The method of claim 16, wherein the planarizing step is a chemical

mechanical polishing step.

18.  The method of claim 1, further comprising forming transistors in close

proximity to the trench.

19.  The method of claim- 1, further comprising: forming transistors on the
substrate in close proximity to the trench; depositing an inter-layer dielectric over the

transistors; and depositing a metal line on the inter-layer dielectric.

-22-



transistors; and depositing a netal line on the inter-layer dielectric. -22
20. The nethod of claim 19, wherein the inter-layer dielectric conprises
silicon oxide. 21. The nmethod of claim19, wherein the metal |ine
conprises alum num copper, tungsten, or a conbination thereof. 22. A

met hod of formng an isolation structure, the nethod conprising: providing
a substrate having a trench forned therein and a patterned mask thereon,
the patterdfed rsrneled of daimpld wherein bt intpielagerstielecttio comprsssisilicon t he
trench; etching a portion of the patterned nask to pull-back the patterned
mask fromoxate. edge of the trench; annealing the substrate in a gaseous
anbient to formrounded corners on the trench; formng a
nitrogen-containing liner over the trench and the patterned mask; filling
the trench with a trench-filling material; exposing the nitrogen-containing

l'iner ovenit .he_’[ﬁlétxﬁeﬁlﬁ(ﬂie& JBakK9 Cvﬁg?%}ﬂt tﬁg niaete{i) ?ﬁéu% iﬁ(grgpﬁéestaﬂl?ninum, copper,

nitrogen-containing [iner overfying thé pa

tungsten, or a combination thereof.

22. - A method of forming an isolation structure, the method comprising:
providing a substrate having a trench formed therein and a patterned mask
thereon, the patterned mask overlies portions of the substrate adjacent to the trench;
etching a portion of the patterned mask to pull-back the patterned mask from
an edge of the trench;
5 “annealing the substrate in a gaseous ambient to form rounded corners on the
trench;
forming a nitrogen-containing liner over the trench and the patterned mask;
filling the trench with a trench-filling material;
exposing the nitrogen-containing liner over the patterned mask;
removing a portion of the nitrogen-containing liner overlying the patterned
mask; and

removing the patterned mask.

23.  The method of claim 22, further comprising forming transistors on the

substrate in close proximity to the trench.
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mask; and renoving the patterned mask. 23. The nethod of claim 22, further
conprising formng transistors on the substrate in close proximty to the
trench. -23 24. The nmethod of claim 22, further conprising: formng

transi stor 24i n dhe egitod oftlaih @2 sfulBércetprisfigacent to the trench; formng
an inter-layer dielectric over the transistors; and form ng a netal line

over the inter- fcﬁfﬁﬁ{gt?éxﬁisﬁﬁéfni&regi%ﬁpf@%%uﬂﬁa%j&%%ﬁb%éﬁr&{kh wherein the

inter-layer dielectric conprises silicon oxide: e nethod of claim

conbinat | on t norane R SRRECERE B RURSSRORE . I NE Ll erned mask

conbi nati on thereof. W (Lhe pal .
conprises a siljcon nitrjde |ayer overlyi a silicon dioxide |ayer. 28.
The nethod of c‘%@ﬂﬁ???dﬁL@Fép’¥§Wém?BEW%ég%EHPﬁers have a radius of
curvature of about 5 to about 50 nm

25.  The method of claim 24, wherein the inter-layer dielectric comprises silicon

oxide.

26.  The method of claim 24, wherein the metal line comprises aluminum, copper,

tungsten, or a combination thereof.

27. . The method of claim 22, wherein the patterned mask comprises a silicon

- nitride layer overlying a silicon dioxide layer.

- 28.  The method of claim 22, wherein the rounded corners have a radius of

curvature of about 5 to about 50 nm.

29.  The method of claim 22, wherein the annealing step is performed at a

temperature of about 700 to about 950 degrees Celsius.

30.  The method of claim 22, wherein the gaseous ambient comprises hydrogen,

nitrogen, helium, neon, argon, xenon, or a combination thereof.

31. The method of claim 22, wherein the annealing is performed at a pressure of

about 1 to 1000 Torr.



29. The nethod of claim 22, wherein the annealing step is perforned at a
tenperature of about 700 to about 950 degrees Celsius. 30. The nethod of
claim 22, wherein the gaseous anbi ent conprises hydrogen, nitrogen,
hel i um neon, argon, xenon, or a conbination thereof. 31. The nethod of
claim 22, wherein the annealing is perforned at a pressure of about 1 to
1000 Torr. -24 32. The nethod of claim 22, wherein the nitrogen-contai ning
| iner conprises silicon nitride or silicon oxynitride. 33. The nethod of
cl ai m 22, 3dher Ehamethed oif tlang 82 wikttiaithe Nigogémedntiiatgdinet tomgees content  of
about 5 to 60 percent. 34. The nmethod of claim22, wherein the

ni t r ogen- i@edehifideGbrlsiliebh okdiret hi ckness of about 5 to 200 angstroms. 35.

The net hod of claim 22, wherein the trench-filling material is a
dielectric. 36. The method of claim 22, wherein the trench-filling
material conprises silicon oxi de 37. The nethod of claim 22, further

conprisin Iafﬁrlz n ennvVv orti.on of
al $ P e meghoccl’ 0% cc:)lal , W erel the nifrogen-containing liner has a nitrogen

content of about 5 to 60 percent.

34. . The method of claim 22, wherein the nitrogen-containing liner has a thickness

of about 5 to 200 angstroms.
35, The method of claim 22, wherein the trench-filling material is a dielectric.

36.  The method of claim 22, wherein the trench-filling material comprises silicon

oxide.

37.  The method of claim 22, further comprising planarizing to remove a portion of

the trench-filling material.
38.  The method of claim 22, further comprising planarizing to remove a portion of

the trench-filling material, wherein the planarizing is performed by chemical

mechanical polishing.
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the trench-filling material. 38. The nethod of claim 22, further conprising
pl anarizing to renove a portion of the trench-filling material, wherein -
the planarizing is performed by chem cal nmechanical polishing. -25 39. A
method of form ng an isolation structure, the nmethod conprising: providing
a sem conduct or3%ubsh methedied Wemmingan isplation staucsurgrilie methadgomprismgeh f or ned
therein, the trench having rounded corners in a top portion and havi ng
rounded cor ner rovidmghctimonfertds sobstratoliaving toiptsacfgeranddaimig thghchi ner over
the trench and the top surface; filling the trench with a trench-filling

material ; foinsddathbrein) thelth@ch haRtdrdublidd REndPRtES Ip!poftitileddBlinkhe o
nit rogen- cont al ni ng i ner renal ns, and renovi ng the nit rogen- cont al ni ng

l'iner Oyerrb%d%&cﬁ&%rstiﬂgbﬁHBﬁxrap%?tion?o- The nethod of claim39, further
conprising formng transistors in'a region of the sem conductor substrate

?gjr ﬁf ﬁgt aﬁ]oi ;Pg?éxﬁlggc f()éé]é—r:%tgili;{}]% lmn?:lt‘ Qgeg tlglg trgnlcﬁlami ﬁ% to{: glrugfzpc%;r conpri sing:

filling the trench with a trench-filling material;
planarizing the trench-filling material such that the nitrogen-containing liner
remains; and

removing the nitrogen-containing liner overlying the top surface.

- 40.  The method of claim 39, further comprising forming transistors in a region of

- the semiconductor substrate adjacent to the trench.

-~ 41. . The method of claim 40, further comprising: forming an inter-layer dielectric

- -over the transistors; and forming a metal line on the inter-layer dielectric.

-42.  The method of claim 41, wherein the inter-layer dielectric comprises silicon

oxide.

43, The method of claim 41, wherein the metal line comprises aluminum, copper,

tungsten, or a combination thereof.

44.  The method of claim 39, wherein the rounded comers have a radius of

curvature in the range of about 5 to about 50 nm.
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over the transistors; and formng a netal line on the inter-Iayer
dielectric. 42. The nethod of claim4l, wherein the inter-layer dielectric
conprises silicon oxide. 43. The nethod of claim4l, wherein the netal
| i ne conpebses Takurthudmf claop 38y whertmnhs prenidingy tha semitbhdiatireubdtiaey eof . 44,
The nethod of claim 39, wherein the rounded corners have a radius of
curvat ur ejndludere range of about 5 to about 50 nm -26 45. The net hod of
claim 39, wherein the providing the senm conductor substrate includes: ]
form ng a patt ShbsiLate; formng a trenc
in a portion o ?ﬁgg m&ﬂ(;r%\réli wk%@eﬁtﬁ%&%ﬁ@?xﬂﬁl covered by the patterned
mask; renovi ng.the ed mask nd annea m cond
substrate in gfdggrﬁ%é ?@HPH’tOBQIfg}erﬁ%@n ggﬁﬂ%amggpﬂteqogereg Y The net hod
of claim45, wherein the annealing the sem conductor substrate is

e patterned mask;

removing the patterned mask; and

. annealing the semiconductor substrate in a gaseous ambient to form the

rounded corners.

46.  The method of claim 45, wherein the annealing the semiconductor substrate is

performed at a temperature in the range of about 700 to about 950 degrees Celsius.

47.  The method of claim 45, wherein the gaseous ambient comprises hydrogen,

niirogen, helium, neon, argon, xenon, or a combination thereof.

48. - The method of claim 45, wherein the annealing the semiconductor substrate is

-performed at a pressure in the range of about 1 Torr to about 1000 Torr.

49. . The method of claim 39, further comprising forming a silicon dioxide liner

prior to forming the nitrogen-containing liner.

50. The method of claim 39, wherein the nitrogen-containing liner comprises

silicon nitride or silicon oxynitride.

51.  The method of claim 39, wherein the nitrogen-containing liner has a nitrogen

~ content of about 5 to about 60 percent.
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performed at a tenperature in the range of about 700 to about 950 degrees
Cel sius. 47. The nethod of claim45, wherein the gaseous anbi ent conprises
hydrogen, nitrogen, helium neon, argon, xenon, or a conbination thereof.
48. The net hod of claim45, wherein the annealing the sem conductor
substrate is performed at a pressure in the range of about 1 Torr to about
1000 Ton. 49. The nethod of claim 39, further conprising formng a silicon
dioxide liner prior to formng the nitrogen-containing liner. 50. The

met hod of claim 39, wherein the nitrogen-containing |liner conprises

silicon nitride or silicon oxynitride. 51. The nethod. of claim 39, wherein
the nit rog{gn-céﬁ’(eépﬂh?ijgoﬁqlﬁ@r 99 adersimihe nitnesn-cewigingrg lingr hapathickmeso about
60 percent. -27 52. The method of claim 39, wherein the nitrogen-containing
| i ner has iathetangerdsbouti Totaheutr2@fgegsforsbout 5 to about 200 angstroms. 53.
The nethod of claim39, wherein the trench-filling material is a
dielectric. 54. The nethod of claim53, wherein the trench-filling

mat erial conprises silicon

53.  Themethod of claim 39, wherein the trench-filling material is a dielectric.

54.  The method of claim 53, wherein the trench-filling material comprises silicon

oxide.

:55.  The method of claim 39, wherein the planarizing the trench-filling material is

performed by a chemical mechanical polishing process.

- 56.  The method of claim 55, wherein the chemical mechanical polishing process

employs a slurry comprising of cerium oxide.
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oxi de. 55." The net hod of claim 39, wherein the planarizing the :
trench-filling material is performed by a chem cal nechanical polishing
process. 56. The nmethod of claim55, wherein the chem cal nechani cal

pol i shing process enpl ‘oys a slurry conprising of ceriumoxide. -28

| sol ation Structure ro ng Liner And Methods O

Manuf act ur e ABSTRACT ébrl%éu&(:&@émﬁrmge@n ateming duimeron trench

i ncludes a substrate and aAhdenidthbas M ASHBIdture The trench is lined with
a nitrogen-containing liner and filled with a dielectric material. The

nitrogen-containing liner preferably contacts the active region of a
device, such as a transistor, |ocated adjacent to the trench. (FIG 2a)
-29 ' ‘ '

ABSTRACT OF THE DISCLOSURE
A semjcoqductor isolation trench includes a substrate and a trench formed therein.
‘The trench is lined with a nitrogen-containing liner and filled with 2 dielectric material.

The nitrogen-containing liner preferably contacts the active region of a device, such as a |

transistor, Jocated adjacent to the trench. -

(FIG. 2a)
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