| 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
RELATED APPLI CATI ONS [ 0002] This application relates to the foll ow ng
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to the field of sem conductor devices, and nore specifically, to the
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, 60/495,316 filed on August 15, 2003, entitled Isolation Structure with
Nitrogen-Containmg Liner and Methods of Manufacture, which application is hereby

incorporated herein by reference.

CROSS-REFERENCE TO RELATED APPLICATIONS
[0002] This application relates to the following patents and co-pending,
commonly-assigned patent applications. Each of these documents is incorporated herein

. by reference.

Patent or Serial No Filing Date Issue Date
10/423,513 April 25, 2003 .
6,020,621 ' January 28, 1998 February 1, 2000
- TECHNICAL FIELD
[0003] The present invention relates to the field of semiconductor devices, and more

specifically, to the formation of improved isolation structures with mitrogen-containing

liners.



i ners. BACKGROUND [0004] Shallow trench isolation (STlI) is a comon
isolation technology for insulating active areas in integrated circuits,
particularly integrated circuits, with sub-quarter mcron dinmensions. An
exanpl e of one common shallow trench isolation structure is shown in FIG
1, wherein a wafer 100 has a substrate 110 having isolation trenches 112
formed therein. The substrate 11.0 is typically Silicon. The isolation
trenchesphldc@seytypically filled with a dielectric material, such as a
silicon oxide or another oxide. The isolation trenches 112 isolate active
regions 116 fromeach other. [00055] During fabrication, oxidation of the
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several approaches have been proposed for the formation of trench isol ation

struct ur esh-akBr Miidréd B8ndnkiBRE. S AnBARIA bY ond BERLARRLIRAS B8Rch isolation
structure is shown in FIG. 1, wherein a wafer 100 has a snbstrate 110 having isolation
trenches 112 formed therein. The substrate 110 is typically silicon. The isolation
trenches 112 are typically ﬁlledr with a diclecnjc material, sucﬁ as a silicon oxide or

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

[0005] During fabrication, oxidation of the sidewalls of the isolation trenches may
occur during subsequent processing‘ steps. 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 because of volume

expansion in a confined space.

[0006] To solve this problem, several approaches have been proposed for the
formation of trench isolation structures with nitride liners. Generally, 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 example, U.S. Patent No.



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 exanple, U S. Patent No. 5,447,884 issued to Fahey et al. describes a
shallow i solation trench with a thin nitride liner; U S. Patent No.

6, 461,937 issued to Kimet al. describes nethods of formng trench
i solation structures containing a silicon nitride |layer stress relief

| ayer; U. t ) 251, 746 issued tQ Hang et al ., describes net Hods
of 1 of i ng> 44 BRSPS QB P Oretogh A WPt dSQe e diRaEhgn § BBy or o
and U.S. Patent Nos. 6,461,937 and 6,251,746 describe nitride |ayers
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oxi dation of the trench sidewalls and, thus, reduce the conpressive stress
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defects or even cracks nay be fornmed at weak regions in the active regions,

such as atg98 : rs. J 0008 (e o] roaches .hgve been
pr oposed t%’ UQZM; ﬁg%{e;gintgeﬁ I}bn%ra(z.b]gﬁ%g@%shﬁe%dse bf %%%mga\trenc iSGifon Tegions
with stress-reducing nitride layers; and U.S. Patent Nos. 6,461,937 and 6,251,746

describe nitride layers overlying a silicon oxide layer that is typically thermally grown at

an elevated temperature. -

10007] 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
intrinsic stress in the film. In addition, due to the intrinsic stress in fhe nitride liner,
defects or even cracks may be formed at weak regions in the active regions, such as at

sharp corners,

{0008] Furthermore, approaches have been proposed to use an oxide liner beneath
the nitride liner, thus reducing the influence of the nitride liner on the active region. The

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

[0009] Therefore, there is a need for a method of forming isolation trenches to

prohibit or reduce the effect of oxidation of the isolation trench sidewalls. .



the nitride liner, thus reducing the influence of the nitride liner on the
active region. The wuse of an oxide liner, however, typically involves a

hi gh thermal budget. [00091 Therefore, there is a need for a method of
formng isolation trenches to prohibit or reduce the effect of oxidation of
the isolation trench sidewalls. -3 SUVWARY OF THE | NVENTI ON [ 0010] These
and other problens are generally solved or circunvented, and technical

advant agmﬁ%%@%mﬁ@%ed, by preferred enbodi ments of the present

i nvention Ich provides an-1solation structure with nitrogen-containing
liner and nethods of manufacture. [0011] In one enbodi nent of the present

i nventi gggrpen | ti Ithin a_substrate.is provided . Th
i sol ati gn tot?encﬁﬁ%% F@g@fe&%bfa@hﬁi %le% og%rhe?%@ntg 'th:‘lq nod . Y ecIa'nEHl%fi |1 ed
with a dielectric material. The nitrogen-containing nmaterial contacts or is

[ clo =« I RVIRTY I o I I r | i-splation trench.
[0012] 1o Eiea btk o sbihfalf bonkhel, BF pAAECBpO bR o o Bholllot " The
isolation trench are rounded. In yet another enbodi nment of the present

I nventi Gfven@idh ARl Provides an isolation structure with nitrogen-containing liner and

methods of manufacture.

[0011] In one embodiment of the present invention, an isolation trench within a
substrate is provided. The isolation trench is lined with a nitrogen-containing material
and filled with a dielectric material. The nitrogen-containing material contacts or is in

close prox.iirﬁty with the active area adjacent to the isolatior trench.

[0012] In another embodiment of the present invention the comers of the isolation
trench are rounded. In yet another embodiment of the present invention, an active
device, such as a transistor, is formed near the isolation trench. The active device may

be covered with an inter-layer dielectric and metal lines.

[0013] The prescn_t' invention also provides several methods of fabricating the

1isolation trenches. For example, in one embodiment of the present invention a trench is

filler material is deposited on the nitrogen-containing liner. The portions of the
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device, such as a transistor, is fornmed near the isolation trench. The
active device may be covered with an inter-layer dielectric and netal
| ines. [0013] The present invention also provides several nethods of
fabricating the. isolation trenches. For exanple, in one enbodinent of the
present invention a trench is fornmed in a substrate. A nitrogen-containing
liner is deposited upon the substrate and filler material is deposited on
t he ni tr ogiengenedmainingdinki MR contdined P61 he@n theQferkh @ rediotdd I PEEBnCEMAh&I Ni Ng
i ner not.contained in or near the trench is renoved. Portions of the .
filler material that are not contained in the isolation trench are al so
renoved. fihemattiathat asmatcoitsieedimvhe &plasion lreach A hisansi@ilor  Tharyfide for med
adj acent to the isolation trench. [0014] In another nethod, a 'mask |ayer .
is applied to the substrate to formthe trench in the substrate. The mask
i s renoveth #tivedevine steheascitransisfoormagtbe farmed adjgent toaind molaiingtrenck.ner i s
applied, and a filler material is deposited on the nitrogen-contai ning
| i ner. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0015] For a nore conplete
under st ang of i i . . r.eof
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reference i's now nma g d rrptions

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.



conjunction wth the acconpanying drawings, in which: [0016] FIG | 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
i solation trenches in accordance with an enbodi nent of the present
invention; [0018] FIGS. 3a-3g are cross-section views of a wafer
illustrating a process of formng isolation trenches in accordance with an

enbodi neRtEFeiESATEPPIeS SR TIA YRUWasGsand  [0019] FIGS. 4a-4d are
cross-section views of a wafer i1llustrating a process of formng isolation

trenches in accordance with an enbodi nent of the present invention.

DETAI L Eigo {35 SCREGT laObh o cbﬂn?ié@ﬂﬁﬁ-&rﬁﬁmﬁh@@' WMeNpRsEf020¢ntibae axakibieg and

using of the presently preferred enbodinents are discussed in detail
bel ow. It should be. appreciated, however, that the present invention

provi degivadi@By Beebf Gafelfcd MYV @Y Yighds ORC Rt Hlfohaty @aitribioniddhed in a w de
variety of specific contexts. The specific enbodi nents di scussed are nerely

illustrative of specific ways to make and use the invention, and do not

limt thejuaerpeyiaf tht BeobpyeMd @Rwild0d i GS. 2a- 2millustrate
cross-section views of a wafer during various steps of

[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

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

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

[0619] 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.



a first nethod enbodi mrent 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 nmask 212 thereto. The substrate 210 nay be silicon or

gl ass, but preferably silicon. [0022] The hard nmask 212 preferably
conprises an oxide layer 214 and a nitride |ayer 216. Preferably the oxide
| ayer 214 conpri'ses a silicon dioxide |ayer fornmed by thermal oxidation or

by chemi c@IETAIDPBD DESOBIPTION (FCNDIUS ECATINVEESBOH IVENTES o
tetra-ethyl-ortho-silicate (TEOCS) and oxygen as precursor. The nitride -

| ayer 216 is preferably a silicon nitride (Si3N4) |ayer forned on top of
the oxi def0@Per 2THe nmbhing 3hdNing o8 YRI pregeytlh rdferdibdn ieslireh: VP diseedind ques
usi ng silane and anmoni a as precursor gases, and deposition tenperatures
rangi ng from about 550 to about 900 Celsius (C). [0023] A patterned mask
218, suchimsdetail pelmvorlestiosid baappredisted, iexwelver, nied thaplebeant havedtiompokiddd 2. The
patterned nmask 218 nay. be a photoresist material. The patterned mask. 218
defines the areas of the hard mask 212 that are to be renoved, preferably
via an etghyngpprabieiesentiVheorteptsi thg qan deemsbadind ihen widaetariery afrspecific

ani sotropic or isotropic, etch process, but preferably is an anisotropic
dry etch process. [0024] FIG 2b is a cross view of the wafer 200

i |1 ustr at eentexts FII@ speeifiafmbodimzets discussed are merely illustrative of specific ways to

make and use the invention, and do not limit the scope of the invention.

0021} 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. 2a,
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] The hard mask 212 preferably cominrises an oxide layer 214 and a nitride
layer 216. Preferably the oxide layer 214 comprises a silicon dioxide layer formed by
thermal oxidation or by chemical vapor deposition (CVD) techm'qﬁes_ using 18
tetra-ethyl-ortho-silicate (TEQS) and oxygen as p.recursor. The nitride layer 216 is
preferably a silicon nitride (SisNy) layer formedl on top of the oxide layer 214. The SisN,
layer may be formed using CVD tecimiques using silane and ammonia as precursor

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



patterned mask 218 (FIG 2a) has been renobved 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.
[00251 FIG 2c is a cross view of the wafer 200 illustrated in FIG 2b
after isolation trenches 220 have been created in the substrate 210. The
patterned hard mask 212 is used to etch trenches in the substrate 210. The
dept h of 0028k i sAlpatdrdt hask e BemicR 29a BotoREef BidDIsthébRhe@ 80 thel iar@bout 6000
A, but may be nore or less as desired for a particular application. [00261
FIG 2d is a cross view of the wafer 200 illustrated in FIG 2c after a

pul | - bactesh2Bt e¥be paeriedennspet§ araydd.a phdvereist mdwaik hegassmes niasied to etch
a portion of the hard nask 212, i.e., the SiQand Si 3 | ayers, such that
the hard mask 212 retreats -8 fromthe edge of the isolation trench 220.

Pr ef er aBlLy defirtve themraat ofothe fhatd mbelcR13 thamatehe beectgeoved, proeeritdphvid-ion trench
220 is about 10 to 50 nm but may be nore or | ess depending upon the
integrated circuit design. The pull-back process nay be perforned by a wet

et ch prockig pusksg Pleaseiivg procas nthydte awtierpey, ahisogopio of eropipgecwf 100 to

. 180 Cel si us :

process, but preferably is an anisotropic dry etch process.

[0024]  FIG. 2b is a cross view of the wafer 200 illustrated in FIG. 24 after the
patierned mask 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. 2b after isolation
trenches 220 have been created in the substrate 210. The patterned hard mask 212 is
used to etch trenches in the subgtrate 210. The depth of ‘the isolation trenches 220 is
preferably about 2000 to about 6000 A, 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. 2c after a
pull-back process has been performed. The pull-back process is used to etch a portion of

the hard mask 212, i.e., the Si0O,.and SisN, 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 tenperature in the range of about 10 to 40 Cel sius
using an etch tine of about 2 to 200 seconds to etch the silicon dioxide,
i.e., oxide layer 214. [0027] Alternatively, the pull-back process may be a
dry plasma etch process using fluorine chemstry to etch the silicon
nitride, Tl geedbyf theWeiat®hGienti 2. PreeyN! okl uRiuhCof L@mttsiclafrogl the
tenperature in the range of 10 to 40 Cel sius using an etch tine of between
2 seconds to 200 seconds to etch the. Si 02, i.e., the oxide |ayer 214.

[0028] A edg:nef the totdioN GreiEOIIDSS ab@tubwsmﬁﬁ Bitea; BSmbiel od $dsk aérrbding FI G

2e, The coner
t enper at ure of

roundi ng process is preferably an annealing process using a
between 700 to 1000 degrees Celsius to facilitate silicon

at om mi gr apbmithe firgrated ciealid dgigar dliessullvbyckepptly nay rnfErhbhedontalati ng a
gas such as hydrogen, nitrogen, helium neon, argon, xenon, conbi nations
t hereof, or the like. The annealing anmbient -9 may have a pressure in the
range of afmbyirodess osiapphdsphfiDacidatra teiipstatyne éf dreabrhge, of HWOWeVERO, Celsis
anneal i ng anbient is a hydrogen-containing anbient with a pressure of

using an etch time of about 30 to 2,000 seconds to etch the Si;Nj 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] Alternatively, 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° Celsius using an etch time of between 2

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

[0028] A corner rounding process is then performed as illustrated in FIG. 2e. The
corner rounding process is preferably an annealing process using a temperature of
between 700° to 1000° degrees Celsius to facilitate silicon atom migration. The

annealing process may employ an ambient cbntaining a gas such as hydrogen, nitrogen,

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



bet ween about 10 and about 1000 Torr and a tenperature of between about 700
and about 950 C. In general, a higher tenperature and a | ower pressure
will facilitate nmore silicon mgration to formrounded corners. 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 50 nm [0029] FIGS. 2f and 2g are cross-section views of the wafer
200 il | mayriaved prassufkel i@ the @ardkt & akdunilt Hogeit ¢ dbRi NBIdsi ?@aferata% is
fornmed. Preferably, the nitrogen-containing liner 222 is tormed by CVD

t echni ques known and used in the art. The nitrogen-containing |iner 222
can be howéwgltee shhdation ambieni dea hgy@ge@tomaising i @ient Oxytniat freckarsSHQ NY | ayer

or a nitrogen-doped silicon oxide naterial, where the atom c percentage of:

nitrogen in the nitrogen-containing liner may be in the range of about 5
per cent betyeetbahant 60 apémbantl000 tTdms anthdecmpaadie dfovewesn atbdi@t7/00t het
materials with an oxygen diffusion rate I ower than that of silicon oxide
may be used. [0030] The thickness TN (FIG 2g) of the nitrogen-containing
liner 22ut $5@rCef éx ghieyal, ailigtieh eempegereahd alowtr @eGurnydnficibosnogd nm
although it is understood that thicknesses -10

silicon migration to form rounded corners. After the corner rounding process 1is

complete, the radius of the rounded corner (reference “R” of FIG. 2¢) 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 illustrated in
FIG. 2e after a nitrogen—contaiﬁing 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 nitride layer or a silicon
oxynitride SiON, layer or a nitrogen-dopcd silicon oxide material, where the atomic
percentage of nitrogen in the nitrogen-containing liner may be in the range of about 5
percent to abopt 60 percent.- It 1s upderstéod, however, that other materials with an

oxygen diffusion rate lower than that of silicon 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
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thi nner than or thicker than the range specified may be used. The
nitrogen-containing |iner 222 preferably has an intrinsic stress of

bet ween about -1 giga-pascals (GPa) to about +2 GPa, where negative stress
i ndi cates conpressive stress and positive stress indicates tensile stress.
The nitrogen-containing liner 222 is preferably a high tensile stress
conformal nitride liner. [0031] In accordance with one enbodi ment of the
present i g ' ' 0Sk.GCi S 0 .
nitrogen-co%?ﬁﬁg?%%g?ﬁﬁtﬁﬁ%ggm%ﬁmgiépéﬂ f%@%yPgtS%%eﬁﬁﬁﬁﬁﬁggéé?ﬁ%%ngegion
can be maxi m zed by having a nitrogen-containing liner that directly -

cont act s tih& 217 er€haisi i Sy o it - b Ni | i

additional ly pregent;§¥S@%ﬁ%#ﬁngi?ggg$dﬁpggafﬁgg%$%n%ﬁg%l%gﬁgﬁﬁgﬁﬂﬁPng
subsequent process steps. Because the nitrogen-containing |iner 222 exerts
a signifieboit & OPAS whbre! @avd bERD ihA@EAES GomPrebdife &Fdst URd JoSHVOMredst 1S
inportant that the silicon lattice contains no weak regions that
potentially crack or generate dislocations or defects. Sharp corners are
an exanpl éndidatesuehsileeidess. I T QltfogdhesRaSidLhserBY BHrIOREEN haheghard where
defects may be generated. It is therefore preferred that rounded corners in
t he upper and bottom portions of the trench are fornmed prior to the

f or mat i onsiodss coefonhdlmixgieatigent ai ni ng |iner 222.

[0031] In accordance with one embodiment of the present invention, the influence of
the intﬁnsic stress in the nitrogen-containing liner 222 on the siticon lattice in the active
region can bé maximized by having a nifrogen—containing liner that directly contacts the
trench sidewalls. The nitrogen-containing liner 222 additionally prevents furthcr
oxidation of the trench sidewall during subsequent process steps. Because the
nitrogen-containing liner 222 exerts a significant stress on the silicon lattice in the active
region, it is important that the silicon lattice contains no weak regions that potentially
crack or generate dislocations or defects. Sharp corners are an example of such weak
regions where stress may be concentrated and where defécts may be generated. It is
therefore prefe&ed that rounded corners in the upper and bottom portions of the tren_qh

are formed prior to the formation of the nitrogen-containing liner 222.
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[0032] FIG 2h is a cross-sectional view of the wafer 200 illustrated in

FIG 2f after a trench-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 tréMSRIfilliRig. matienicedss-eedtiobs Wenirithedakey 200 tiataRdRY FAGENS C

oxi dation anneal at -a tenperature of 800 Cel sius or.conventional

annealing step in argon anbient at 1000 C. . [0033] A planarization step is
per f or medertagropbfidlirigzeatértab2 B deen @dpotikel tb fdinahrbichl | Tig w@icafilahg St oppi ng
on the nitrogen-containing liner 222 or on the silicon nitride |ayer 216.
The planarization step may be acconplished, for exanple, using a chem cal
mechani g@lerpblls i mdiele GNP mapsrat gssfekabbwsilicondoxided It i uhb&s@bl thdtQR34] FI G

2i is a cross-sectional view of the wafer 200 from FI G -2h after the
silicon nitride layer 216 and the nitrogen-containing |liner 222 on the

si | i contreaabrfiliag mateein] 246indne beenmndrdnatibhef tiehetofiling eendrailg)isneh 4d mer 222 on
the silicon nitride layer 216 and the sili.con nitride |ayer 216 can be
renoved, for exanple, by using an etch in hot phosphoric acid followed by
an et chcombigatian ef Ky ofiiawor bxodacind. CVD poly-silicon.  After deposition, 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.

[0033] A planarization 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 accomplished, for example, using a

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

[0034] FIG. 2i is a cross-sectional Vi{;w of the wafer 200 from FIG. 2h after th@
silicon nitride layer 216 and the nitrogen-containing liner 222 on the silicon nitride léyer
216 are removed. The nitrogen-contajning'liner 222 oh the silicon nitride layer 21-6 and
.thc silicon nitride layer 216 can be removed, for exampie, by using an etch _in hot

phosphoric acid followed by an etch in dilute hydrofinoric acid.



[0035] FIGS. 2] and 2k are cross-section views of the wafer 200 illustrated
in FIG 2i after the silicon dioxide |ayer 214 has been renoved.
Preferably, the silicon dioxide |ayer 214 is renoved by dilute

hydrof luoric acid. Transistors may then be forned in the active regions.

[ 0036] For exanple, FIGS. 21-2m show a cross-section of the wafer with a
transistor fornmed thereon. The transistor conprises of a-gate el ectrode

226, a gaoe3sli el eEIGS. gj BABk afe cr8QWeES0T RO Bf 3 Nafed N0 BIAKAES if BRI QN 232.
After the formation of the transistor, an inter-layer dielectric (ILD) 234

may be ‘deposited over the transistor. The ILD | ayer 234 typically has a

pl anar i zeaftes uhé adiecmurtbxitrylalre Tiandsi 5Rd @moséd. | PRfer W%d&e sT]ﬁL%n'da&cﬂ:l@yer
234 may be fornmed by deposition techniques such as Metal |ines 236 may

be formed on the planarized surface of the ILD layer 234. The netal |ines
are conprlaged® l6fis rdnicyhd epditue hiydioflyorieballs Fruadistas nal WEnbeorgePpahe and
tungsten. [0037] Contact plugs, not shown, are typically provided between
at | east one of the source region 230, the drain region 232 and the gate
el ect r odeackie6regnahst he netal |ine 236. For exanple, a tungsten plug can be
formed by depositing tungsten and etching back-or planarizing by a CwW
process.

[0036} For example, FIGS. 2/-2m show a cross-section of the wafer with a transistor
fornied thereon. The transistor comprises of a-gate electrode 226, a gate dielectric 228, a
source region 230, and a drain region 232. After the formation pf the transistor, an
iqter-layer dieleﬁ:tric (ILD) 234 may be deposited over the transistor. The ILD layer 234
typically has a planarized surface and may be comprised of silicon oxide. The ILD layer
234 may be formed by deposition techniques such as CVD. Metal lines 236 may Abc
formed on th?: planari.zed surface of the ILD layer 234. The mefal lines are comprised of

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

[0037] Contact plugs, not shown, _are- typically provided between at least one of the
source region 230, the drain fégion 232 and the gate electrode 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.

-13-



[0038] FIGS. 3a- 3g illustrate cross-section views of a wafer during
various steps of a second nethod enbodi ment 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
mask 312 can be conprised of a conmon mask material such as silicon

di oxi def0038]l i c QGBI sa-iagquus@faﬁiclr&sgxaectmntﬁé@seoﬂﬁwafeﬁa&mw%i%hé)gﬂe oSt ack, or
photoresist, but preferably conprises photoresist. [0039] FI 3b is a
cross-section view of wafer 300 illustrated in FIG 3a after trenches 314

are et chegondhmethed 2idtbgieRnSerEmE E@ts@m ipveatien abithy pisdeROhediR! a8, 8L Chi ng
techni que. Preferably, the depth of the trenches is about 2000 to 6000 A.
[0040] FIG 3c is a cross-section view of wafer 300 illustrated in FIG . 3b-

after tWeereimaskaf@BR0MAsnDe ubstra B8 tad BecpRORE QPRI VA IRELQRSE The mask
312 can be renoved, for exanple; by an etch in ho$ phosphoric acid
followed by an etch in dilute hydrofluoric acid. [0041] FIG 3d is a

cross- seatsion19itkevent Thi gubsiaR 310 uslyr e, e ieRadihle siBeoR ok &llash, but
corner-roundi ng process has been perforned. Because a greater area of

silicon is now .
preferably silicon. The mask 312 can be comprised of a common mask material such as

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

but preferably cornprises photoresist.

[0039] FIG. 3b is a cross-section view of wafer 300 illustrated in FIG. 34 after
trenches 314 are etched in the silicon substrate, preferably using a plasma etching

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

[o040] FIG. 3¢ is a cross-section view of wafer 300 illustrated in FIG. 3b after the
~mask 312 has been removed to expose the active regioms. The mask 312 can be
.removed, for example, by an etch in hot phosphoric acid followed by an etch in dilate

hydrofluoric acid.

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

corner-ronndin

og
s
[
i
F
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exposed, silicon mgration can be further facilitated. The corner-rounding
process is described 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 nethod 318 is applied.
The nitrogen-containing liner '316 can be a single silicon nitride |ayer
or a silicon oxynitride SiOXNy |layer or a nitrogen-doped silicon oxide

mat eri al , opyREerakl t t t f nitrogen in the
ni t rogen- gg%t ai ni né))ﬁl]lﬂf%g%tﬁfls&ﬁnt%t ﬁlg?hg%%agg{t%g&aglgﬁt&gmﬁé? 18 PY5°Siddut 60
percent. The nitrogen-containing liner 316 may be forned, for exanple, by

CVD, ther gedcriged Akt QipQefeshdd tﬁqjin ®) lowed by nitridation, or by the
nitridation. Nitridation is the process of .introducing nitrogen atons by

exposing a surface to a nitrogen-containing anbient, such as a

ni trogen-fq%g%ﬁi ni nl%FpI asma. [0043] FIG 3f is a-cross-section view of wafer
300 illus d i ACFI 38 1s Jecraysrsption viemgefl yafee 36€ tilluseratst dn Gz 3¢ iaftar pr ocess,
whi ch stops on the portion of the nitrogen-containing liner overlying the
active region. The hjghly selective planarization process can be a CVF |
process eﬁﬁogﬂ'ﬁ@tﬁn@gu}lﬁ? éé&pﬂdsiang'e’éﬁh‘@élﬂgume@ﬁd dél8cgepapplied:  dranpl e.
The portion of the nitrogen-containing liner overlying the active region is

t hen : e . o ,
nitrogen-containing liner 316 can be a single silicon nitride layer or a silicon oxynitride

SiONy 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 be formed, for example, by
CVD, thermal oxidation of silicon followed by nitridation, or by the nitridation.
Nitridation is the process of introducing nitrogen atoms by exposing a surface to a

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

[0043] FIG. 3fis a cross-section view of wafer ‘300 illustrated in FIG. 3e after a
highty selective planarization process, which stops on the portion of the
nitrogen-containing liner overlying the aétive region; The highly selective Aplﬁnalization
process can be a CMP process employing a slﬁrry cotnpris';ng of cerium oxide CeO,, for

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

-15-



removed by an etch process. The etch process, for exanple-, can be, a wet
etch in phosphoric acid or a plasma etching process. [00441 FIG 3g is a
cross-section view of wafer 300 illustrated in FIG 3f after a transistor
has been forned 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 deposéhedd miekn the r6@é§§' SHRM&ch pRRess! KD LAXRlic, 338 /R %@l ot hffls a

pl anari zed surface and may be conprised of silicon oxide. The MD |ayer
328 may be forned by deposition techniques such as CvD. Metal |ines, such
as net alphbsph@-idﬁzaﬁmrd?ygmm pB&s@n the planarized surface of the | LD

| ayer- 328. The netal 1ines are corrprl sed of high conductivity netals such
as al um num [00451 FIGS. 4a- 4d illustrate cross-section views of a wafer

durir i third met hod t of th t
nvent S48he BRECESS einE-ion Pree Suats e RBREIGE 406 Hadi ng a

substrate 410 in Whl ch trenches 412 -have been fornmed. One process that

may be ;T%%Sd tto fo enc es 412 is desgri bed above. with reference to
FI GS. 35°%dsi0rrfigs ‘EﬁS‘s QIELF 101165 FEYVELEPEG0S; ¢ dHE JFANGISIE SCOmRTISes, B EE abl v
silicon.

electrode 320, a gate dielectric 322, a squrce 324, and- a drain 326. After the formation
of the transistor, an inter—layer-dielecﬁc (ILD) 328 may be deposited over the transistors.
The ILD layer 328 typically has 2 planarized surface and may be comprised of silicon
oxide. The ILD layaf 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
.Iayer 328. The metal lines are comprised of high conductivity metals such as aluminum,

copper, and tungsten.

[0045] - FIGS. 4a- 4d illustrate cross-secﬁon views of a Wafér during various steps of
a thﬁ method embodiment 6f thc present invention. The process begins in FIG. 44,
wherein a wafer 400 having a substrate 410 in which trenches 412 have been formed.
One procéss that may be 1rlsed 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 mﬁy not be rounded as described

-16-



Furthernore, the contrs of the.trenches 412 may -or may not be rounded as
described 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 wafer 400 after a silicon dioxide liner 414, a

ni trogen- ghdveah MfB@ndd BEIGAID, 18RHndddoRlbehat hbl{ﬁr%%n{@?ttﬁer ét%&iﬂg ﬁ%}%ﬂ%{;s been

deposited on the substrate 410. The silicon dio ner
formed, for exanple, using wet or dry oxidation at a tenperature in the

range of hoWeted, thhPQRe Grefdhigly HohARAENHCARARENEIAErd hRCHredthp fuﬁ e figRpf or med
t hereon. The nitrogen-containing liner 416 nay be forned, for exanpfe, by
CVD or by nitridation. In the case where the nitridation process is

per f or nedmakdriai,nhdfy@&?&serﬁﬂlyﬁﬁﬂﬁﬂrduﬂﬂ@ﬁ_t he silicon oxide liner |ayer.
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 ill di |G 4 f hi ghl vy sel ecti. I i
has Ib e eﬁst(gﬁsgr ngge{égu}%ma E} 1%,]%{ t@oﬁ Ig[%ésf-gle[cﬁgn \efﬁawl 1¥ ghor‘)ﬁnagfa vrvétféra lE(I)OOar}tePE écess

| silicon dioxide liner 414, a nitrogen-containing liner 416, and a trench-filling material
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
17000° C.  The nitrogen-containing liner 416 is then formed thereon. The
nitrogen-containing liner 416 may be formed, for example, by CVD or by nitridation. In
the case where the nitridation process is perfoﬁned, 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 planédzation process has been performed to remove portions of the
nitrogen-containing liner 416 and the trench-filling material 418. The highly selective

planarization process stops on the portion of the nitrogen-containing liner 416 overlying

the active region. The highly selective planarization process can be a CMP process

_17-



ni trogen-containing liner 416 and the trench-filling material 418. The

hi ghly sel ective planarization process stops on the portion of the
nitrogen-containing |liner 416 overlying the active region. The highly

sel ective planarization process can be a CMP process -17 enploying a slurry
conprising of ceriumoxide (CeQ2), for exanple. The portion of the
nitrogen-containing.liner 416 overlying the active region is then. renoved

by an ekgRloyRiacessy cotiRisBloWl cRAAEB% Sl (EOD,)eHR e Cahe BR @GSt ch in
phosphoric acid or a pllasma .etching process. [0048] FlI 4c is a
cross-section view of wafer 400 illustrated in FIG 4b after a portion of

the sil ntmgedtexhidrg!lineen1d beasy BeeiiverBMesl is The BhlovéPBydinoxtide i ner
414 covering the active region nmay be renoved, for exanple, by a wet etch
in dilute. hydrofluoric acid. [0049] FIG 4d is a cross-section view of

waf er A@fbceds) UBleraddtestodsss, FdrGxahplepfdnale adwetletddng bhdphomasci®eeiphonged in the
active regions.- The transistor conprises a gate electrode 4%0, a gate

dielectric 422, a source 424, and a drain 426. After the formation of the
t ransi sewmhing@mocesyt er -1 ayer dielectric (1LD) 428 may be deposited over the
transi stors. o

[0048] FIG. 4c is a cross-section view of wafer 400 illustrated 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. 44 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 2 gate
electrode 420, a gate dielectric 422; a source 424, apd a drain 426. After the formation
of the transistor, an inter-layer dielectric (ILD) 428 may be deposited over the transistors.
The ILD layer 428 typically has a planarized sur.féce and may be comprised of silicon
oxide. The ILD iayer 428 may be formed by deposition techniques such as CVD.
Metal lines,.such as.metal line 430, may be formed on the planarized surfacé of the ILD
layer 428. The metal lines are comprised of high conductivity metals such -as' a}uminun},

copper, and tungsten.

-18-



The HD | ayer 428 typically has a planarized surface and may be conprised of
silicon oxide. The ILD |l ayer 428 nmay be forned by deposition techni ques

such as CVD. Metal lines, . such as . netal |ine 430, may be forned on the
pl anari zed surface of the ILD |ayer 428. The metal lines are conprised of
hi gh conductivity netals such as alum num copper, and tungsten. -is

[ 0050] Al though particul ar enbodi nents of the invention have been descri bed
(n detal [00s0f T SAuRSlghSl ARt Nabddied 0 4E 1 n - |
correspondi ng%y in scop:ﬁ t 1ncl EI‘Q%S g??ﬁécWﬁh%Dsn f?&ve gcnged 2 and
equi val ents coming within the spirit and terns of t he cI a| ms appended
hereto. FastaiXampufderstbid Ria tiRhabbM¥nt & 6RE Minkiea! @k ughratgd, 1t is
understood that this invention nmay bg 1exten%m% tcgjtrﬂgt nliﬁigljo{naﬁ)%eﬁ Lt
structures which are inprovenments of the shallow trench isolation

st r uct ur einchdenaltlcinghes, mbbicaRes! {ddcivaRntsathifd IHRRSHALR L ar ded
inan‘illustrative rather t han a. rggtrlctlve sense [I %LQ%DI%/E%

1. A method of forming an isolation structure, the method conpri sing:

lpr ovi di ngtha chirbs hppinéediearéig Rortekengle, #RNAEGhAer &ikh idohgioh ﬁ@fﬂﬁ&h‘f@v' ng at
east
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.

-10-



one rounded coner; applying a first nitride-containing liner on the
substrate; renoving a portion of first nitride-containing liner such that a
portion of the first Iliner remains within the trench and rounded corner;
and filling trench with a trench-filling material to formthe isolation
structure. 2. The nethod of claim11l, wherein the step of providing a
substrate includes: applying a mask |ayer to the substrate; patterning the
mask | aygnAsYS eyt ke patterned mask |ayer defines the trench; etching
the mask | ayer and the substrate to formthe trench in the substrate; and
renoving the mask layer. 3. The nethod of claim2, wherein nask |ayer

conprisgs a ?Jﬁétﬁ@@ofﬁof;}nﬁ%xg%l BEKod AYRhre dhe %@ﬁo%&ﬁﬁgsﬁ;' claim 2 and

further conprising roundihg the conmers of the trench after etching the
substrate. 5. The nethod of claim4, wherein rounding the coners of the

trench CO”D.V bR &lind substrate having a trench formed therein, the trench having at least
one rounded corner;
applying a first nitride-containing liner on the substrate;
removing a portion of first muide—C6ntMg liner such that a portion of the first
liner remains within t};c ﬁench and rounded cormer; and

filling trench with a trench-filling material to form the isolation stracture.

2. The method of claim 1, wherein the step of providing a substrate includes:
applyjmg a mask layer to the substrate;
patterning the mask layer such that the patterned mask layer defines the trench;
etc;hin,g; the mask layer and_the substrate to form the trench in the substrate; and

removing the mask layer.

3. The method of claim 2, wherein mask laycr-éomprises a silicon nitride mask

layer.



roundi ng the conmers by annealing the substrate in a gaseous anbient. C) 6.
The nmethod of claim4, wherein rounding the coners of the trench conprises
roundi ng the coners by annealing the substrate in a gaseous anbi ent
conprised of a gas selected fromthe group consisting of hydrogen,

ni trogen, helium neon, argon, and xenon, and conbinations thereof. 7. The
nmet hod of claim4, wherein rounding the coners of the trench conprises

roundi ng the c rs.b nealing.the substrate in a gaseous amnbient,
Wher el nthies oy of SAEP B! mtentompsurtonating uR SoBers /b Baab about
950 degrees Celsius. 8. The. nethod of claim4, wherein rounding the coners

of the tr i ses.rounding the coners by annealing the substrate in a
gaseous a%ﬁgﬁ@?{%&% *H4fhe anneal | ng is performed at a pressure of about

| Torr to about, 1000 Torr. 9. The nethod of claim4, wherein rounding the
coners of the trench conprising creating rounded. coners having a radius of

curvat ur esof a?ﬂc%’fnleﬁloﬁio%faﬂn ﬂbtﬂﬂéreig?%%@ng tﬁ% c%r%’ers%??her?éngﬁ)gorglgds%é aim 1,

wherein the firs I'ner conprises

rounding the corners by annealing the substrate in a gaseous ambient.

6. The method of claim 4, wherein rounding the corners of the trench comprises
rounding the corners by annealing the substrate in a gaseous ambient comprised of a gas
selected from the group consisting of hydrogen, nitrogen, helium, neon, argon, and

xXenon, and combinations thereof.

7. The method of claim 4, wherein 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 temperature about 700 and about 950 degrees Celsius.

8. The method of claim 4, wherein 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.

S. The method of claim 4, wherein rounding the corners of the trench comprising

creating rounded corners having a radius of curvature of about 5 nm to about 50 nm.
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11. The method of claim 1l wherein the first liner conprises .silicon
oxynitride. 12. The nethod of claim1, wherein the first liner has a
nitrogen content about 5 to about 60 percent. 13. The nmethod of claiml,
wherein the first liner has a thickness in the range of about to about 200
angstroms. 14. The nethod of claim 1, wherein the trench-filling materi al
is a dielectric. 15. The nethod of claim 14, wherein the trench-filling

mat er i all0conWht sesio8 bf Ele@N1,AMieddn thefst 1hBEcomiiedsgl, cl aim 1, further
conprising planarizing the trench-filling material.” |IT The nethod of

claim 16, wherein the planarizing step is a chem cal -nmechani cal polishing
step. 18. The nethod of claim1, further conprising formng transistors in

cl ose prldxi niThy/methol Becibiben eherekIhe ke linRtchogrigds salddh Bk fninfde! t her
conprising: formng transistors on the substrate in close proximty to the

trench; depositing an inter-layer dielectric over the transistors; and

12, The method of claim 1, wherein the first liner has a nitrogen content about 5 to

about 60 percent.

13.  The method of claim 1, wherein the first liner has a 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, further comprising 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

10 the trench.



depositing a netal line on the said inter-layer dielectric. 20. The nethod
of claim19 wherein the inter-layer dielectric conprises silicon oxide.

21. The nmethod of claim 19 wherein the said nmetal |ine conprises a netal
selected fromthe group consisting of alum num copper, and tungsten. 22. A
met hod of formng an isolation structure, the nethod conprising: providing
a substrate having a trench fornmed therein and' a patterned mask thereon,

t he patterqed e i .. he substrate adjacent to the
trench; g?chfﬁg§§a§§f§é%%-dggéﬁ%ggg?ﬁé%%ﬁd-nask to pull-back the patterned
mask from an edge of the trench; annealing the substrate in a gaseous

ambi ent to fOrfgh'flﬂlurﬂﬁﬁgst&%roﬂ%ﬁé%%gtf%tgﬁl Elﬁ&&%@ﬁp&@%%@[&%&cﬁ

ni trogen-contai ni ng Ti1ner over. renc erned mask; filling
the trench with a trench-Bing nmaterial; renoving a portion of :

ni trogen- cont giAhfgnd | _ jdagid 0ed. k; and renoving the
patterned rrask.eB23. n?ﬁgﬁ%?%%émﬂ&g}caﬁ %gtt%a%%@t?%h er conprising formng
transistors on the - :

depositing a metal line on the said infer—layer dielectric.
20, The method of claim 19 wherein the inter-layer dielectric comprises silicon oxide.

21, The method of claim 19 wherein the said metal line comprises a metal selected

from the group consisting of aluminum, copper, and tungsten.
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substrate in close proximty to the trench. 24. The nethod of claim 22 and
further conprising: formng transistors in a region of the substrate
adj acent to the trench; formng an inter-layer dielectric over the

transistors; and formng a netal line over the inter-layer dielectric. -24
25. The nethod of claim 24 wherein the inter-layer dielectric conprises
silicon oxide. 26. The nethod of claim24 wherein the netal |ine conprises

f | sgl ected f . st ] and
fungst of 275 Tt Hom e o e SRR, i Rin Bl oSBT “TEEL Compr ses

of a silicon nitride |layer overlying a silicon dioxide |ayer. 28. The.

About 5 1o deue e R L R B PR Al Rl AR, mea i g

step is perforned at a tenperature of about 700 to about 950 degrees

8?' ﬁ;gf (t)];begér%)’n, thOGartletA hs P bvdid MBridns OMIR' Gbfratd R RRE0 ¢S ARheNt conpris e.s
etching a portion of the patterned mask to pull-back the patterned mask from an |
edg¢ of the trench;
annealing the.;‘.ubstrate 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 Withf a trench—fﬂlipg material;

removing a portion of nitrogen-containing liner overlying the patterned mask; and

removing the patterned mask.

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

substrate in close proximity to the trench.

24, The method of claim 22 and further comprising:
forming transisths inra.region of the slﬁbstrate adj-acent to the trench;
forming an inter-layer dielectric over the transistors; and
foﬁning a metal line over the inter-layer dielectﬁc.

24



ni trogen, helium neon, argon, or xenon, or any conbi nations thereof. 31.
The nmethod of claim22, wherein the annealing is perfornmed at a pressure
about | to 1000 Torr. 32. The method of claim 22, wherein the
nitrogen-containing liner is conprised of silicon nitride or silicon
oxynitride. -25 33. The nethod of claim 22, wherein the nitrogen-containing
| iner has a nitrogen content about 5 to 60 percent. 34, The nethod of claim

22. wher t ni t alnln iner has a thickness bout 5 to 200
angstr orrgi 5’135 tﬁ%‘??f]o rﬁgélﬁe INfRRARYST flclerEiccPBRapRssilicrR Agd%rat er i al
is a dielectric. 36. The‘rrethod of claim 22, wherein the trench-filling

mat eri al conprises silicon oxide. 37. The nethod of claim 22, further :
conpri si pl r rtion.of the trench-fil mat eri al .
6. he ek hod BrEERS nt%m%ﬁmlp‘?@ o L e gy £ PRS-
portion of the '

the group con31st1ng of aluminum, copper, and tungsten.

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

layer overlying a silicon dioxide layer.

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

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 comptises of hydrogen,

nitrogen, helium, neon, argon, or xenon, or any combinations thereof.

31 Thc method of claim 22, wherein the annealing is performed at a pressure about 1

to 1000 TorT.

32.  The method of claim 22, wherein the nitrogen-containing liner is comprised of

silicon nitride or silicon oxynitride.

5.



trench-filling material, wherein the planarizing is performed by chem cal
mechani cal polishing. 39. A nethod of formng an isolation structure, the
met hod conprising: providing a sem conductor substrate having a top
surface and having a trench formed therein, the trench having rounded
corners in a top portion and having rounded corners in a bottom portion;
formng nitrogen-containirng liner over the trench and the top surface;
filling the trench with a trench-filling material; elanar.'&zi ng the

t rench-33 | | {Thg mebhodof sleins2is WheraR theﬁ]@f%eﬁﬁe%ﬁlwg HinYPEer remains;
and renovi-ng the nitrogen-containing |iner overlying the top surface. 40.
The nmethod of claim39 and further conprising formng transistors in a
regi on @repiaboYkEhioSigFetior substrate adjacent to the trench. 41. The
met hod of claim40 and further conprising: forming an inter-1|ayer
dielectric over the transistors; and formng a netal line on the

inter-layer dielectric.’ . : . )
32./ The method of ¢claim 22, wherein the nitrogen-containing liner has a thickness

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 coﬁlprising planarizing to remove a portion of the
trench-filling material, wherein the planarizing is performed by chemical mechanical

polishing.

-76-



e P

42. The nethod of claim4l wherein the said inter-layer dielectric
conprises of silicon oxide. -27 43. The nmethod of claim41 wherein the said
nmetal line conprises of a netal selected froma group conprising of

al um num copper, and tungsten. 44. The nethod of claim 39, wherein the
rounded corners have a radius of curvature in the range of about 5 to about
50 nm 45. The nethod of claim 39, wherein providing the substrate

i ncludes: 4orm k.over the sem conductQr. substrate;
fornmng a trencﬁg?eﬁhﬁg@%ﬁﬁ&ﬁ@ %‘E‘\#l{%ﬁgﬁg’te%‘lo%%g’i‘ﬁ*%&?e not covered by

the patterned mask; renoving the patterned mask; and annealing the

substrate in a @asiaRES, j t he rounded coners. 46, THS met hod
of claim 45 vvhegei n ﬁnnsggﬁoﬁgctuﬁgugss%gt}ag{ngalté)P Blél%]:cg,aggéava@g L U¢Hper at ur e
in the range of about. 700 to about 950 degrees Celsius. 47. The nethod of
cl ai m 45 vienei thetche tl&%?e%@l&'ﬁa\@l{g’i‘oﬁﬂﬁed ORI 1n°Fedp %Xgl%g%gc? having rounded

comers in a bottom portion;

forming nitrogen-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.

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

the semiconductor substrate adjacent to the trench.

41.  The method of claim 40 and further comprising:
forming an intef—layer dielectric over the transistors; and

forming a metal line on the inter-layer dielectric.

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

silicon oxide.
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ni trogen, helium neon, argon, or xenon, or any conbi nations thereof. 48.
The met hod of claim45 wherein annealing the substrate is perforned at a
pressure in the range of about 1 Torr to about 1000 Ton. -28 49, The net hod
of claim39 and further conprising formng a silicon dioxide liner prior to
formng the nitrogen-containing liner. 50. The nmethod of claim 39, wherein
the nitrogen- containing | iner conprises of silicon nitride or silicon

oxyni trisde. i @9?' j ai ni ng

l'i ner hag a At Irngﬁg%g‘gél% f&’heﬁglg%%@u%?% 0 glgéoéthlﬁl; Jgeﬁl)eftrc n?l nsegegﬂe he net hod

of claim 39, wherein the nitrogen-containing |iner has a thickness in the

range ofg Iﬁfﬂﬁ’ﬁf octakn€ met hod of cl ai m 39,

wher ei n tcﬁg ﬁ%ﬂcﬂgl An %'Perl afpbl § a 1.gi?i‘étéelhctrl c. 54. The nethod of

cl ai m 53, wherrei n the trench filling material conprises silicon oxide. 55.

The met hod of claim 39, wherein planarizing the trench-filling material is
44, The method of claim 39, wherein the rounded corpers have a radius of curvature

in the range of about 5 to about 50 nm.

45.  The method of claim 39, wherein providing the éubstrate includes:

-

forming a patterned mask over the semiconductor substrate;

forming a trench in ﬁ portion of the semiconductor substrate not covered by the
patterned mask;

removing the patterned mask; and

annealing the substrate in a gaseous ambient to form the rounded corners.

46.  The method of claim 45 wherein annealing the substrate is performed at a

temperature in the range of -about 700 to abont 950 degrees Celsius.

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

nitrogen, helinm, neon, argon, or xenon, or any combinations thereof.

48.  The method of claim 45 wherein anneaiing the substrate is performed at a .
pressure in the range of about 1 Torr to about 1000 Torr.
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performed by a chem cal mechanical polishing process. 56. The net hod of
claim55 wherein the chem cal nechanical polishing process enploys a slurry
conprising of ceriumoxide. -29 57. An isolation structure conprising: a
substrate having a trench with sidewall surfaces and at | east one of a top
rounded corner and a bottomrounded comer; a nitrogen-containing liner in
contact with at |east one of the top rounded coner or the bottom rounded

; -fid ki terial in th h. 58. Th t f
ol 5 m 57 Naner SRR YspRoR B sbPetina et t sliuedotes B has a
radi us of curvature in the range of about-5 to about 50 nm 59. The

structure%ﬁgrt&fcg{nﬂ%ﬁﬁ H%g%n%dhtz}ipﬁctliﬁgﬂ?(:h has a trench depth in the range

of about 2000 to abou angstrens. "60. The structure of claimb57,
wherein the nitrogen-containing liner has a thickness in the range of about
5 to about 200 angstrons. -

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

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.

52. The methogd of claim 39, wherein the nitrogen—containingrliner has a thickness in

the range of about 5 to about 200 angstroms.
53, The method 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.

35.  The method of ¢laim 39, wheréin- planarizing the trench-filling material is

performed by a chemical mechanical polishing process.

56.  The method of ¢laim 55 whcréiﬁ the chemical mechanical polishing process

employs a slurry comprising of cerium oxide.
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61. The structure of claim57, further conprising of at |east one
transistor forned in a portion of the substrate adjacent to the trench. 62.

The structure of claimb57, wherein the trench-filling nmaterial conprises
silicon oxide. -30 63. The structure of claim57, wherein the
trench-filling material conprises poly-crystalline silicon. 64. The

structure of claim57, wherein the nitrogen-containing |iner conprises
siliconzpitride., 65. The structure of C aimb57 wherein the nitrogen

cont ai n?ﬂ'g I‘%‘REPIa@S%chléescoﬁersg{dgh oxynitride. 66. The structure of claim
57, wherein the nitrogen-containing |iner has a nitrogen content of about 5

to about 60 P&fb&gﬁ% haviie Mﬁ%%gd&%ﬁfsﬁffacé#ﬁacmﬁ WLk ng: a
sem conduct or " substra @%aw ng a trench wth a sidewall surface; a
nitrogen-containing liner in contact with the sidewall surface;

rounded corner and a bottom rounded corner;
a nitrogen-containing liner in contact with at least one of the top rounded comer
or the bottom rounded corner; and

2 trench-filling material in the trench.

58.  The structure of claim 57, wherein the top rounded corner or bottom rounded

corner has a radins of curvature in the range of about.5 to about 50 nm.

59, The structure of claim 57, wherein the trench has a trench depth in the range of

about 2000 to about 6000 angstroms.

60.  The structure of claim 57, wherein the nitrogen-containing liner has a thickness in

the range of about 5 to about 200 angstroms.

61.  The structure of claim 57, further comprising of at least one transistor formed ina

portion of the substrate adjacent to the trench.

62.  The structure of claim 57, wherein the trench-filling material comaprises silicon
oxide.
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a trench-filling material in the trench; an active area within the

sem conduct or substrate, the active area having at |east one transistor
device forned therein; an inter-layer dielectric overlying said

sem conductor substrate; a netal |ine overlying said inter-I|ayer
dielectric; and a conductive contact connecting the netal line to the
active area. 68. The structure of claim67 wherein the trench has a trench

depth in e ran of about. 2000 .t 0. about Q0QQ. angstrons. 69. The structure
of claim m&egﬁ%ﬂlc?“ﬁeeofﬁﬁ%l eﬂ’-h@iﬁ’fﬂfg‘la Fﬁeﬂ%“gﬁ%r"gmg’? EOPP#Ekness in the
range of about 5 to about 200 angstronms. 70.. The structure of claim67,

wherein t 1 h-filling material conprises silicon oxide. 71. The
struct ureg‘gytcbﬁ%@%ﬁeﬁ}coﬂherei n the trench-filling material conprises

silicon oxide. 72. The structure of claim 67, wherein the trench-filling
material conprises poly-crystalline silicon.

64.  The structure of claim 57, wherein the nitrogen-containing liner comprises silicon

nitride.

65.  The structure of Claim 57 wherein the nitrogen containing liner comprises silicon

oxynitride.

66.  The structure of claim 57, wherein the nitrogén-containing liner has a nitrogen

content of about 5 to about 60 percent.
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73. The structure of claim67, wherein the nitrogen-containing |iner
conprises silicon nitride. '74. The structure of claim®67, wherein the
nitrogen-containing |liner conprises silicon oxynitride. 75. The structure
of claim67, wherein the nitrogen containing |iner has a nitrogen content
of about 5 to about 60 percent. 76. The structure of claim67, wherein the
inter-layer dielectric conprises silicon oxide, 77. The structure of claim

67, whereg &%Fﬁﬁ%ﬁl&m olrE'tﬁlcﬁﬂg%bﬁrgﬁ?@ nmetal selected fromthe group
consi stl ng o] um num copper Tngst en.

a semiconductor substrate having a trench with a sidewall surface;

a nitrogen-containing liner in contact with the sidewall surface;

a trench-filling material in the trench;

an active area within the semiconductor substrate, the active area having at least

one transistor device formed therein;
an inter-layer dielectric overlying said semiconductor substrate;

a metal line overlying said inter-layer dielectric; and

a conductive contact connecting the metal line to the active area.

68.  The structure of claim 67 wherein the trench has 2 trench depth in the range of

about 2000 to about 6000 angstroms.

69.  The structure of claim 67 wherein the nitrogen-containing liner has a thickness in

the range of about 5 to about 200 angétroms.

70..  The structure of claim 67, wherein the trench-filling material comprises silicon

oxide.
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71: The structure of claim 67, wherein the trench-filling material comprises silicon

oxide.

72.  The structure of claim 67, wherein the trench-filling material comprises

poly-crystalline silicon.

73, The structure of claim 67, wherein the nitrogen-containing liner comprises silicon

nitride.

"74. The structure of claim 67, wherein the nitrogen-containing liner comprises silicon

OXynitride.

75.  The structure of claim 67, wherein the nitrogen-containing liner has a nitrogen

content of about 5 to about 60 percent.

76.  The structure of claim 67, wherein the inter-layer dielectric comprises silicon

oxide,

77.  The structure of claim 67, wherein the metal line comprises a metal selected from

the group consisting of aluminum, copper, and tungsten.
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