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v DESCRI PTI ON Background Isolation structures are forned in an iﬁtlbgfg aUOS
circuit for the purpose of preventing carriers from penetrating through the
substrate to nei ghboring conponents. Far exanple, in standard CMOS
transi stor processing, an isolation trench is etched into a sem conductor

oxtat o THNEMMMAI 7 o "= suvoer o 'Toasons Tel adi ng roundi ng of the

trench corner tpgpgovide better breakdoywn characteristics, formation of a
high quality dielectric layer, creating a trench structure which is easy to

fill, passivation of damage.fromthe RIE (reactive ion etching),
m ni ni zation of effects of %ﬁ%ﬁif%ﬁ%‘"&rﬂgﬁ“ﬁﬁ%eﬁﬁﬂ& of the electrical

characteristics of the trench isolation. Hi storically, standard batch
furnace processing has been used to carry out the liner oxidation. Such

processing typically provides sone roundi ng of the corners Srwwmmymumm%as

wel |l as providing a relatively high quality oxide on the si e

trench. However, the oxide that is grown by standard batch furna@eo

processing is not especially confor ”WES('JWIJJC“' ar, the oxide typically
. Th

forms in a bread |oaf |ike configuration I'sin turn renders the trench
that remains after growi ng of the sidewalls somewhat - 1~ J UN 2003 2
challenging to fill by currently availabl e deposition processing.

Furthernore, although sone roundi ng ofBagkgreidners does occur using
standard batch furnace processing, the rounding is not as much as desired
for satisfying t hisolatienstrefturesiarednimest iatap integrabasd arcnitdenthegmrpaSanfrary of

Lnvention The present | mvention b ovides Ryt pon, ! & od G0 Gmblishs M 2
For example, in standard CMOS transistor processing, an isolation trench is etched into a
semiconductor substrate and a liner is formed in the trench by oxidation. The liner
oxidation is carried out for a number of reasons including rounding of the trench corner
to provide better breakdown characteristics, formation of a high quality dielectric layer,
creating a trench structure which is easy to fill, passivation of damage from the RIE

(reactive ion etching), minimization of effects of contamination and improvement of the

electrical characteristics of the trench isolation.

Historically, standard batch furnace processing has been used to carry out the
liner oxidation. Such processing typically provides some rounding of the corners of the
liner as well as providing a relatively high quality oxide on the sidewalls of the trench.
However, the oxide that is grown by standard batch furnace processing is not especially
conformal. In particular, the oxide typically forms in a bread loaf like configuration.

This in turn renders the trench that remains after growing of the sidewalls somewhat



exhi bits enhanced rounded corners in the top and bottom of the trench as
wel |l ,as exhibiting a conformal structure. In particular, the'ﬂétddﬁNOZU@Be
»present invention conprises fornlng aliner in a trench wherein the |iner
has rounded corners in the top ' and bottom of the trench and which
conprises formng the liner by wet rapid thermal oxidation. In addition,
the present invention relates to lined trenches fornmed by the above

di scl osed nethod. The liners achieved bé the present invention exhibit
uniformgrowth along the sidewalls of tlke trench and exhibit reduced

stress. Sti II ot her obj ? s and_advant ages of the present invention wl|
become readiqhy %&ﬁ:&%&&%l Eywa&%@y %\mllnab@diepﬁsm%peqosessmgarﬁwﬂ@nnmel, aithavgh

d led d f d.

onboci mant o Smeitelfing B0 Aleodindsh abes SO (uiBR phfitd bR TRhRE Bloofitine the
mode cont enplboghdid @Jn@@rs iicdhths Aetbirddor batisgihg @b neds WF blrrdd stafPb(itBeartt he
invention is capable of other and different enbodinents, and its several

details are &apgbl e of nodifications in various obvious respects, w thout
departing fromthe invention. Accordingly, the description is to be
regarded as illustrative in nature and not as restrictive. Summary of
Drawi ngs  -QiiimartYoNId9%ion Figs. 1-4 are SEMs of |ined trenches obtained
by the nethod of the present invention. Figs. 5-13 are schematic di agranms

" of truct d d
abricat | on st agebht plsea g BT s ESH KerdRrhiie st RbBctoiat ne
present i nveguign én%hﬂ’ée@sfoﬁﬁﬁefd%meﬂﬂnﬂhé td}Pand BotRnd b RrenBly aé"’%ll qt exanple

toillustrate the method of the present invention, reference will be nade
to the figurexhibiting agonrmphgrugtus| Ir(mmwl@wther@n@nduﬁﬂl@mmm) manmm ure in

a sem conduct or su traf wever t _.bei.ng. u t ent
i nvention i s°°é‘b%‘|‘%e§§%‘?% 1%811P %aht&éq r%qeg?lflgh? F@ﬁéﬁ%&‘%ﬁl g@&@? |ps not
restricted tandHdttom of the trench and which comprises forming the liner by wet rapld thermal

oxidation.

In addition, the present invention relates to lined trenches formed by the above-
disclosed method. The liners achieved by the present invention exhibit uniform growth
along the sidewalls of the trench and exhibit reduced stress.

Still other objects and advantages of the present invention will becong readily
apparent by those skilled in the art from the following detailed description, wherein it is
shown and described preferred embodiments of the invention, simply by way of

— illustration of the best mode contemplated of carrying out the invention. As will be
realized the invention is capable of other and different embodiments, and its several
details are capable of modifications in various obvious respects, withopt departing from
the invention. Accordingly, the description is to be regarded as illustrative in nature and

not as restrictive.

Summary of Drawings



In particular, reference to figure 5 illustrates a structure conprising a
sem conduct or substrate 1 such as silicon, a first pad insul atary 2 ?ﬂﬁ?
'silicon oxide having a typical thickness of about 100 A err and‘%lgguﬁ

pad i nsulator 3 such as silicon nitride having a typical thickness of about
800 A a. In order to forma trench, a typical nethod is to provide a mask

| ayer 5 (see Figure 6) over the substrate foll owed by renoving sel ected
portions of the nmask |ayer. An exanple of a nominal width Wb of the pattern
farmed in the mask layer 5 is about 0.35 - 4 J UN 2003 4 um Figure 7
illustrates renoving the exposed portions of the pad insulator 3, pad

i nsul ator 2 and the underlying substrate 1 to formthe trench 6. In the
case of shallow trenches, the maxi numdepth is typically about 0.5 m crons
into the substrat Fi_g&.-l-szafé @EM'@'oPHn@dﬁé’ndh%Hl‘)thﬁmeﬂBy'tl?én%ﬁabhlbfﬁ{e%bﬁﬂt(PB) of
the layer 3 which i's typically about 30 angstrons to about 300 "angstrons
and pref er abinyetiout 75 angstrons to about 200 angstronms, a typica
preferred exanpl e bei ng about 200 angstrons. Too small a radi us causes
dopant depl etion or pileup (depending on the adjacent channel tailor and
wel | dopant speci I { ' ﬁgﬁk@ﬂﬁﬁk devi ce

t hreshol d vol tage,F@%/' %iszh?%fgégﬁzé%lggﬁaﬁg%gtggrﬁggﬁof shar pness #%'s:%-nﬁe top
_isolation trimvemticnodurmg vafibtefabtibatidnrstagel is forned, the liner 8 is then
created according to the nethod of the present invention. In particular,
the structure is subjected to rapid thernmal oxidation. See Figure 8. The

rapi d t herm 1 I i y carried out at tenperatures of about
900 to aboutbi%'ﬁgqjaéﬁgn%?“e%ﬁv%ﬁ%l y about 1050 to about 1200C. The

i i i in.l h 3 i nul bes i I
bout 3 seconn t o e tiokia e irestst inyeRon tes o Tl R p Bt Hi o
about 1 mi nupgy deoeRies iRoRak bR sleba 88 el ekAemetion! RclhaokilPRmble

particul ar tenperature enployed. |t being understood that the tinme is
i nversel y retoghefighresahé ta fompangat NFe(shallovotremah isalatiion) strheturd igheer  t he

tenperature, the shorter, the tine for., a.given thickness. The rapid thermnal
oxi fat | on | SSeEHIEPBLEIS SubshE HoeverinBrielaeaed o pese L s Eonds ou
in the presepggicable$b Ehing hferdiPtéched in?eﬁé’ﬁl hoPis 68t tektrREGSBIYTI S about
0.5%to about 50% and preferably about 2% to about 33%
In particular, reference to figure 5 illustrates a structure comprising a
semiconductor substrate 1 such as silicon, a first pad insulator 2 such as silicon oxide
having a typical thickness of about 100 A& and a second pad insulator 3 such as silicon

nitride having a typical thickness of about 800 A &.

In order to form a trench, a typical method is to provide a mask layer 5 (see
Figure 6) over the substrate followed by removing selected portions of the mask layer.

An example of a nominal width Wo of the pattern formed in the mask layer 5 is about 0.3



- ~rr'J UN 2003 s The liner typically has a thickness of up to about S00
"angstrons, nore typically about 40 angstrons to about 500 angstLqEB Q?f
preferably about 225 angstronms to about 450 angstrons. The corner ‘A 2803
liner typically exhibit a radius r of curvature (see Figure 9) of about 30
angstrons to about 300 angstrons and preferably about 75 angstronms to about
150 angstons. The process of the present invention provides for a
relatively conformal |ayer along with uniformgrowth along the sidewalls of
the trench. The wet processing is prefergred since it provides for enhanced
t hroughput relative to enploying a dry rapid thermal oxidation as well as
provi di ng foPnpDre consistent and reproducibility of zero WVt devices. Wt
rapi d thermal oxidation is preferred since in order to perform corner
roundi ng; whereas, oxides forned by dry rapid thermal oxidation oxides nust
be relatively thicker than those fornmed by wet rapid thermal oxidation in
order to achi eve FHEredilluspieniennengiheeypergd pgrtians of thearadipsulatend.adhi ck

oxi de with dg id t i i essS) i nes
Pl ativel y | BylRR IR RSl bibhe | KO fortiehEieeREPE RENE Sadd RBESFTED
cost of ownepghitesABé BRIk Yeptilis §PURlly ab&i@ 0 1idfdA3 IO SebHAGS].NPhe
provide the | evel of enhanced corner roundi ng achievable by the wet rapid

t her mal pr ocetehingalsooesultsdn titerpBy erosionf(BBhefithejayer § viich istynieallyi abgut 30 of

somewhat | esser qualit he standard furnace oxigde ich uses

dry et - dry presegs 1 oind Sob geioRRspner BB adty HRuabBed b 85 2no
observed 1o gagwotsZ@fyPicdl Eﬁ%&&%xﬁh@%éﬁfﬁ)dﬁwma fr8mS EVSY &hl Slegfigded
due to el evated corner | eakage. -- 4] N 2003 6 The rapid thermal
processi ng acausesliloppnt deplétionmrgilenp (depomding om theaadjdsentcchanesl tailar and veelly

sui tabl e reagtor such an AVAT. Centura RTP T G3108RTP . Tool .
After T or mat POMTS DGR el e e s esSorio A el PR, deipedPEnald

i nsul at or. Tb@lté%,ewf&ﬁﬁ‘ts%@ & theldeble@f WhdrPndd® of theubgisoRdioneREN 8rmér, such as
silicon dioxide by enpl oying such techni ques as chem cal vapor depositiaon

(CvD), plasma enhanced chem cal vapor deposition and TECS
(tetraethylorthosiljcate). See.Figur 0. ,The filling of the trenches, can
be carried out by aﬁfe[}etnﬁglst @Bﬁgéfaﬁ%énq{,?d\ﬁ,ﬁ’ﬁnﬁf?%@%ﬁﬁpnﬁ%tootbf 9 d of
thereof needypOireft foemdnded herein. As illustrated in Figure 11, the
structure can be planarized by chem cal nechanical polishing of the

over | ayi ng i nsul ati particelar thesgtrugtuse ispubisgted o rapid fetmalrmxidagionr Seefigurg8. The

pad i nsul at oty 2yeh 3l SIRERDs BB olbied oG mbOSEERYof o 8t & SteP

about 1300°C and more preferably about 1050 to about 1200°C. The process is typically
carried out in less than 3 minutes, more typically about 1 second to less than 3 minutes,
and preferably about 20 seconds to about 1 minute depending upon the desired thickness
of the liner and the particular temperature employed. It being understood that the time is
inversely related to the temperature. In other words, the higher the temperature, the

shorter the time for a given thickness.

The rapid thermal oxidation is preferably a wet rapid thermal oxidation process
carried out in the presence of steam. The amount of steam typically present is about

0.5% to about 50% and preferably about 2% to about 33%.



of insulation layer 9. In the case of silicon nitride as the #dy U§*é§*ﬁp

« can be renoved by etching in hydrofluoric acid (HF). See Flgure 12
'the pad insulator layer 2 and step 10 can be renoved by etching thereby
formng mnimzed divot depth d and maintaining the width W2 . See Figure
13. Typically the depth d is no greater than about 300 angstrons and
preferably about 100 angstrons to about 200 angstrons. The etching in the
case of insulator layer 2 being silicon dioxide and step 10 bei ng TECS can
be carried out by etching in hydrofluorgc acid (HF). 4 J UN 2003 7 The
following non-limting exanples are presented to further illustrate the

. ! e
Centura RTP react Bie erunsetbhas TR o foftigt 800 S0P bRy IPeAE anc
02 at a presgsuf4@hnglomk td BbdR500 anflronfamt PrefeMmbRPAbdLEL TR sho3iroms B ARFAY

state tenperature of about 1100C for about 110 seconds thereby providing a
| i ner oxi de 430 agsieemms.of about 225 angstrons. The liner exhibits inproved
corner roundi ng, good zero Vt device performnce and enhanced throughput.
The test results are illustrated in Table 1 bel ow. The bench Iva (current

drain to source) yge co\‘ges 6yﬂiet1ﬁﬁqu%aﬂ¥teszmﬂ%ﬁsms%Bpw@vatn?é ([sEé‘FithrZer%%ft ic

corner device is entirel el i m nat able 1 below illustra
paranetric daboat B)(bmgstrems tA\alBRiIVI300 angetrontsrandtpueferably aboots angstFometealiout -

4 JUN 2
gi 150 angstoms.

The process of the present invention provides for a relatively conformal layer

along with uniform growth along the sidewalls of the trench.

The wet processing is preferred since it provides for enhanced throughput relative
to employing a dry rapid thermal oxidation as well as providing for more consistent and
reproducibility of zero Vt devices. Wet rapid thermal oxidation is preferred since in order
to perform corner rounding; whereas, oxides formed by dry rapid thermal oxidation
oxides must be relatively thicker than those formed by wet rapid thermal oxidation in
order to achieve the equivalent corner rounding. In order to grow a thick oxide with dry
rapid thermal oxidation, the wafer processing time becomes relatively long, as much as 3
or 4 minutes, which is disadvantageous from a cost of ownership perspective. Moreover,
the dry RTO process does not provide the level of enhanced corner rounding achievable
by the wet rapid thermal process. Also, the dielectric formed by dry RTO processing is
of somewhat lesser quality as the standard furnace oxide which uses a dry-wet-dry
process typically. Employing a dry RTO process has been observed to create zero Vit

device structures which were severely degraded due to elevated corner leakage.



s I.n Table 1, "SCE" stands for Short Channel Effect and refers to the
difference in FET threshold voltage, Vt, between an FET of nom nal channel
' ength and one of m nimum channel length. It is desirable to Mrpj%mmys
difference, i.e. to have a smaller value of "SCE". "Rollup" refers
difference in threshold voltage between a device with a very |ong channel

|l ength ( typically about 10 im), to that of a device with a nom nal

channel length. Typically the threshold voltage "rolls up” as the length
beconmes shorter. Again, it is desirablegto mnimze the difference.

Finally, AZVt refers to the difference of threshold voltage as determ ned
at two distinct, well-defined current values in the FET subthreshold region
expressed as a ratio of the difference relative to the threshold determ ned
at the higher cur'rherrh% idahértnal Efme@hﬁgcdcubﬂm@tbune plfeséiﬁ\rﬁvehﬁoﬂ&zﬁi beechrtied be
less than 0.05 (i.e. 5%), the smaller the better. Exanple 2 A CMOS
structure i $uiHht al‘tymud@lde reactor suchpagan A TICanmmErR TR Joober an AG810SRTR Toek eam

eneration as in a tru S sub d.to,a t.e rature of
about " 1180C 1 or " ABfTbisgitn ol B s ieh B hgh RETEY M Ao RORREL o1
about 450 arggttreddBes chdeflIRAGHEParPnSulhtie imbichh POl swhid3 sillcol disdiiowed by a
post isolation trench chem cal nechanical polishi ngc A SEM of the structure

is shown in em@oymg suphdechngquies g5 dl@mn@ltvraaoedqmsmon ¥id) ddasmaenttanegdong t he
trench S|de | | ved.corn & a th.radi.us instead.qof a
bevel ) al ond BsidH! VHDE AgoRiR e 0N CetragiuBrai e ss e LStk R B¢ 60ime s on
di vot f or malgreg tr%ﬁe@éﬁ%%irﬁ’écﬁ&xt b9y b thefle ipiffhed BhShYin MEWhGRdTuRLARL | ON.
conformal oxidation growth (no pinching-of oxi de thickness in the
trench cor neherof maet antbodeshribedimein, reduced filmstress. In addition,
because of the reduction of size and topography of the shallow trench
divot, the changes of any residual polysilicon in a divot are reduced. In
addi tion, the ablAmmstmédf ”gh:@qtl',%s%cﬁlﬂeca‘ﬂa& bﬂa‘ﬁz@@ n%‘&hén'ﬁ@altremh edge
results in reduced divot . 4 J UN?2 le 3 Example 2 is
repeat ed ex an@ﬂ\anihaltpcﬂilsmngef theeoviedawong jrsulatig mttalqb6$toppuigym the padh gat e
conduct or et.ch msteac!kof t he Chem cal nechanical polishing. The results
are simlar PYHAGIEEET Y Exanple 2 and are illustrated in Fig. 3. Exanple 4
Exanple 3 is repeated except that the rapid thernmal oxidation is carried

out for about 120 seconds at about 1150 C to provide a liner layer having a
t hi ckness of abomjfheaﬁdlm\l@oﬂ@ym3limenomiﬂuchas)byemhméﬂmémﬂormmgrmstadl‘iln

F.4TABL | f/ / nA Rol | u npl 4 200 CO0,6 197
COOA VET RGTAanshaher s, T Ths chsqbl sifenys B g e aydich seeh Gap e 1omayed B oo
laff refers dehisgin8alofMosiR aEﬂﬁI—H@.t Sed Bighfel 12.

Next the pad insulator layer 2 and step 10 can be removed by etching thereby
forming minimized divot deptli d and maintaining the width W,. See Figure 13.
Typically the depth d is no greater than about 300 angstroms and preferably about 100

angstroms to about 200 angstroms.

The etching in the case of insulator layer 2 being silicon dioxide and step 10

being TEOS can be carried out by etching in hydrofluoric acid (HF).



The- f oregoi ng description of the invention illustrates and describes the
present invention. Additionally, the disclosure shows and des-ct,i Q@Nd%wgg
‘the preferred enbodi nents of the invention but, as nentioned above, i

to be understood that the invention is capable of use in various other
conbi nati ons, nodifications, and environments and is capabl e of changes or
nodi fications wthin the scope of the inventive concept as expressed
herein, commensurate with the above teachings and/or the skill or know edge
of the relevant art. The enbodi nments degcri bed herei nabove are further

i ntended to expl ain best nodes known of practicing the invention and to
enabl e ot hers ski ol tod bl L i i or
other . embodi mant o] ke Rk Shiichul DRSS Aolhct MuhED
particul ar apgekémtddveation.or uses of the invention. Accordingly, the
description is not intended to limt the invention to the form discl osed
herein. Also, it is intended that the appended cl ains be construed to
include alternative enbodi nments. ' 4Ek§ﬁﬁk 003 -11 What is clained is:
1. Anethod for formng a liner in a trénc erein the liner has rounded
corners in the top and bottom of the trench, which process conprises
formng the liner by wet rapid thernmal oxidation. 2. The nethod of claim1

wher ei n t he AAYOSadtctirefis ii@duegs into arepANVet T Egnigea RER reastarbychereipeam iso
about 1300 C__3. .T et h of claimdl-wherein the. rnapi herpml oxi dati on
e earred ok fipdtilie it B or HGES Rt S AR b o8R0 TRe SRt
net hod of cl gafftdinddh@raitehdyReitd ichferdtaR of abtutal 08TSToRfabsiR 110 s8duids tHRPéby
angstrons. 5. The nethod of claim'l wherein the liner has a thickness of

about 40 angprovisiag a bnersxide thdnessps ebowt25 apgstmomes. neHogr exhibitaimproved

wherein the |iner has a thickn of about 225 tq about .450 angst oy 7
The et hod ofTBRLiPHdng fend % YEdsvies Revbimomics;and epfiaced Mipuchpay ThGRst
for less thafsditddrdillidfrated-in TABleNERNOW. The BERINT, Xowh@it @idin tutc@)ivel Y her mal
oxidation is carried out for about 1 second to about 3 minutes. 9. The

met hod of cl @foltage gaetaesonrachshevepthat thh parsiticepimeadeee isentizaly plinatad. f or
about 20 secpjds ltb%lo%\pHf{}str%’temh%ul}a%metric data obtained. A SEM of the structure is shown

in Figure 1.



10.- The method of claim 1l wherein the trench is a shallow trengh. - ~r J
U N 2003 -12 11. The nmethod of claim 10 wherein the shallow t"rgndUNagq]@
'depth of up to about 0.5 microns. 12. The nethod of claim 1 which further
conprises filling the trench with an insulating material after the rapid

t hermal oxidation. 13. The nmethod of claim 12 wherein the insulating
material is a silicon oxide. 14. The method of claim 12 wherein the
insulating material is fromTECS. 1 S. The nmethod of claim 1l wherein the
rapid thermal oxidation is a wet rapid tghermal oxidation process, the
tenperature is about 1050 C to about 1200 C and the |liner has a thickness
of about 225 to 45Q. S, r ISl :

having a |i ner c?ﬁ%bé‘? r?fg S?i(()i%nsgie gg%rr%ig)p S@%ﬁ;ﬁ%ﬁ?&ggtng%’%{%ﬂtﬁlg‘g feEn Eé;ﬁp
trench and bEET¢hredhoRi VsithgbyVivebtweenia FETesRdIminali chained fength/andldne ofet hod of
claim1l wherein the wet rapid thermal oxidation process is carned out in

t he presencemsfimymechanneldengthhdt isedeniseble to minimigelthe diffatence; ie. thbaverpoumallasf

i 0
steamis abo\lfjatlueoots‘é’dé)’. aﬁgﬁﬁp’sr%%)rs to the difference in threshold voltage between a device
with a very long channel length ( typically about 10 im ), to that of a device with a

nominal channel length. Typically the threshold voltage “rolls up” as the length becomes
shorter. Again, it is desirable to minimize the difference. Finally, A*Vt refers to the
difference of threshold voltage as determined at two distinct, well-defined current values
in the FET subthreshold region expressed as a ratio of the difference relative to the
threshold determined at the higher current value. The absolute value of A2Vt is desired to

be less than 0.05 (i.e. 5% ), the smaller the better.
Example 2

A CMOS structure is introduced into an AMAT Centura RTP reactor with in situ
steam generation as in Example 1. The structure is subjected to a temperature of about
1150°C for about 260 seconds to provide a liner oxide thickness of about 450 angstroms.
The trenches are then filled with TEOS followed by a post isolation trench chemical
mechanical polishing. A SEM of the structure is shown in Fig. 2. The results
demonstrate uniform oxide growth along the trench sidewalls, improved corner rounding
(a smooth radius instead of a bevel) along with thermal oxide “bird’s beak” which retard
trench isolation divot formation. The process also results in good zero Vt device
formation, conformal oxidation growth (no pinching-off of oxide thickness in the trench
corners), enhanced throughput, reduced film stress. In addition, because of the reduction
of size and topography of the shallow trench divot, the changes of any residual
polysilicon in a divot are reduced. In addition, the ability for reoxidation of the pad

nitride at the trench edge results in reduced divot formation.



19.. The nmethod of claim 17 wherein the anount of steamis about 2% to about
33% .. ALI R A@. ASR. AAf. Afa. A@QA . AfR Ayu. A, ". A3(I . Al 89EP6@R
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Example 4

Example 3 is repeated except that the rapid thermal oxidation is carried out for
about 120 seconds at about 1150° C to provide a liner layer having a thickness of about

300 angstroms. The results obtained are illustrated in Fig. 4.

TABLE
Ioff/um
/nA SCE Rollup AVt
Example 4 200 PB +1150C 0.6 197
300A WET RTO 200 +0.01
Example 1 PB1100C225 A 1 209
WET RTO ' 260 -0.03

Ioff refers to current when the gate is off.
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The foregoing description of the invention illustrates and describes the present
invention. Additionally, the disclosure shows and describes only the preferred
embodiments of the invention but, as mentioned above, it is to be understood that the
invention is capable of use in various other combinations, modifications, and
environments and is capable of changes or modifications within the scope of the
inventive concept as expressed herein, commensurate with the above teachings and/or the
skill or knowledge of the relevant art. The embodiments described hereinabove are
further intended to explain best modes known of practicing the invention and to enable
others skilled in the art to utilize the invention in such, or other, embodiments and with
the various modifications required by the particular applications or uses of the invention.
Accordingly, the description is not intended to limit the invention to the form disclosed
herein. Also, it is intended that the appended claims be construed to include alternative

embodiments.
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1. A method for forming a liner in a trench wherein the liner has rounded corners
in the top and bottom of the trench, which process comprises forming the liner by wet

rapid thermal oxidation.

2. The method of claim 1 wherein the temperature of the rapid thermal oxidation

is about 900° C to about 1300° C.

3. The method of claim 1 wherein the rapid thermal oxidation is carried out at a

temperature of about 1050° C to about 1200° C.

4. The method of claim 1 wherein the liner has a thickness of up to about 500
angstroms.
5. The method of claim 1 wherein the liner has a thickness of about 40 angstroms

to about 500 angstroms .

6. The method of claim 1 wherein the liner has a thickness of about 225 to about

450 angstroms.

7. The method of claim 1 wherein the rapid thermal oxidation is carried out for

less than 3 minutes.

8. The method of claim 1 wherein the rapid thermal oxidation is carried out for

about 1 second to about 3 minutes.

9. The method of claim 1 wherein the rapid thermal oxidation is carried out for

about 20 seconds to about 1 minute,

10. The method of claim 1 wherein the trench is a shallow trench.
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12.  The method of claim 1 which further comprises filling the trench with an

insulating material after the rapid thermal oxidation.

13.  The method of claim 12 wherein the insulating material is a silicon oxide.

14. The method of claim 12 wherein the insulating material is from TEOS.

15.  The method of claim 1 wherein the rapid thermal oxidation is a wet rapid
thermal oxidation process, the temperature is about 1050° C to about 1200° C and the

liner has a thickness of about 225 to about 450 angstroms.

16. A structure comprising a trench having a liner comprising rounded corners in

the top and bottom of the trench and being obtained by wet rapid thermal oxidation.

17.  The method of claim 1 wherein the wet rapid thermal oxidation process is

carried out in the presence of steam.

18. The method of claim 17 wherein the amount of steam is about 0.5% to about

50%.

19. The method of claim 17 wherein the amount of steam is about 2% to about

33%.



