2 7 JUL 2006 A SHALLOW TRENCH | SOLATI ON APPRCACH FOR | MPROVED STI CORNER
ROUNDI NG 5 FIELD OF THE | NVENTI ON The present invention relates to

sem conduct or processing, and nore particularly to a nmethod for perform ng
trench isolation during sem conductor device fabrication. BACKGROUND OF THE
| NVENTI ON 10 Shal l ow trench isolation (STI) technol ogy uses szhal | o

refilled trenches for isolating devices of the sane type as aw%mants
for LOCOS isolation. The piSHARBEEOWMEIRENCHYSGEATIONAPRBOACHayer of pad oxi de
on a silicon substrate and RORIMIROVED STICORNERROENRING define active
regions on the silicon substrate. Shallow trenches are then etched into
the silicon substrate in the openings in the nitride nask between the
abtive FEIDOBTHRINYENFOYXI dati on process is perfornmed in the recesses in
which a thin | ayer of oxide is grown. Next, 15 an oxide (e.g., % is
deposi t ed ovehet irescns jinvertiom relpip &1 pemicondipier Pfsceisﬁérﬁﬂéﬂ@ﬁdﬂmb‘%lk Y r%eﬁla for¢
remains only in the trenches, its top surface level with the nitride mask.
After theerfpsaiggdrenad isolationahyringemicondpcior device ftEcalelsk is stripped to expose the
pad oxi de and a dip back process is perforned on the pad oxi de. Thereafter,
a layer of polysilicon (Polyl) may be patterned to define floating gate

structur ] devi ce. 20 Although the STl process has

t he advaﬁggggim e‘?ﬁeﬂ{ﬁgﬁﬁg@hds beak of the LOCOS process and of

H QOVI ding a pk%ﬂg& trg e 1sglctloh (St‘l@ tec%T lo, Qeg %&aﬁo q’eﬁill tYe%h@i fop%ﬁmgﬁé@ﬁes cﬁ IthgL 1
a bl ock diagramii 0SS-Se |ona VI ew o portion of a

sem condygt ?J %Qﬁglﬁchﬂén%qorqw’ddggsoﬁu&p e g;o!cégpl?cl insy de%sﬁﬁ%°§ Byer dff 2l 6Q1&Son 10

have beeh et¢ n 1solation regions e substrate 12 adjacent to
active rgeR Qc?osgaQe £HA pArGRL & ke @fask Bf deRRY Mate eHOB o dhe oD ©Bdira@e (Fagiotve d.
The silicon substrate 12 in the active regions 20 formthe side walls 22 25
of the tieBehas Bd. cdhanNii@Nhd QRRh sHitadhOBEoRhing ifi @RUitid ik biteechnignehes 10
havi ng sharp corners 16, as shown. Because both the silicon substrate 12
and t he pgibysiA lireooxididongraeess Bipettorhédis the tduesses mawhicrhe drimiayes oflBide isgrozas Henthe
chance of el ectron | eakage (E) between the polysilicon 14 and the silicon
shfbst r at en d®ledeip, $i92)tihdeppritelswerdies sificomsybstiateand is then ighed back gorthat K rempins Qely Based

with by the sharpness of the substrate coners 16. 30 Conventi onal
appr oachs tashesy GuipriFgcetiorel Yitidhroptidompky ptpghg wﬂeuﬁﬁchﬁ basertedihintsh
single liner oxidation wth a double sacrifici oXi

per f or mi FEPREd BOREBISR P PRI 3419 BT RIFPT Ipod R 0 e P e o lye of

polysilicon (Polyl) may be patterned to define floating gate structures for the semiconductor device.

20 Although the STI process has the advantages of eliminating birds beak of the LOCOS process and of
providing a planar surface, the STI process has several drawbacks. FIG. 1 is a block diagram illustrating a
cross-sectional view of a portion of a semiconductor fabricated during a conventional STI process. Trenches
10 have been etched in isolation regions 18 of the substrate 12 adjacent to active regions 20 on which a layer
of polysﬂicon 14 has been deposited. The silicon substrate 12 in the active régions 20 form the side walls 22

25 of the trenches 10. Conventional STI processing results in the trenches 10 having sharp corners 16, as shown.
Because both the silicon substrate 12 and the polysilicon 14 are conductive, the sharp corners 16 increase the
chance of electron leakage (E) between the polysilicon 14 and the sil.icon substrate 12 due to the presence of an

electric field, which is increased with by the sharpness of the substrate corners 16.

30 Conventional approaches for rounding the trench corners 16 include 1) performing a single liner

oxidation with a double sacrificial oxidation or 2) performing a double liner oxidation with a single sacrificial

1



1 2 7 JUL 2006 oxidation. Both the approaches, however, fail to
sufficiently round the trench corners 16 to reduce electron |eakage to an
acceptabl e level. Accordingly what is needed is a STl process that has
i nproved trench corner rounding that significantly prevents el ectron
| eakage between the polysilicon and the active regions of thﬁ Sﬁ ate.
The 5 present invention addresses such a need. SUMVARY OF T E | ON
The present invention provides a nmethod for perform ng shallow trench
i sol at i omxidaipn. nBoth $erepproavtiesctiowevef, diilr to guffi¢iently rdvad the trpncio vasrerst I6dnreuce elpain
roundi ng. The nethod includes etching trenches into a 10 silicon substrate
bet ween aeekdge/te an eqgeniadle levalhd performing a doubl e |iner oxidation process on
the trenches. The nethod further includes performng a double sacrjficial
oxi dati on prodeesdipgly et i5ciepdsd iy & giTh PEocesiHlat drs MR french fomperording b s
are substantially rounded by the four oxidatioqbﬁrocesses. A cordingehg t he
1

present HUERRIORCvents glegtion deakpse Bityrsh dhe HPlysilcep apdhe potivg 1ostons oh fa gebs

sk?nificantlﬁ 15 rﬁguces | ectron | eakage between the polysilicon and the
active r EFFEHEvegte CSEEETAATE and i ncreases performance of the

sem conduct or devices. BRI EF DESCRI PTION OF THE DRAWNGS FIG | is a bl ock
diagramillustrating a cross-sectional view of a portion of a sem conductor
fabri cat SUMMARY DF THE INGENTIOdNnvent i onal STl process. FIG 2 is a flow
chart illustrating the STl spacer process in accordance with one preferred
enbodi ment of Thieprpserts éxientipmpeqyidesos, mothodr fecsperfopmpima\ shallew ctrepds isglatian; ying
views of the substrate corresponding to the steps illustrated in FIG 2
DETAI L EDsessagictor fabpigatipiiothys irapreyss tranph OMes 19pnding, 3?%%"“{06 ingluglgs eighjpp trepghes into a

formng trench jsolation during sem.conductor devi.ce 2
p1e(5 sx%con substrate between active regions, and performing a (%Ul():le Rner ox?&émon process on the trenches. The

method further includes performing a double sacrificial oxidation process on the active regions, wherein

corners of the trenches are substantially rounded by the four oxidation processes.

According to the present invention, the trench corners are substantially rounded, which significantly
15 ~reduces electron leakage between the polysilicon and the active regions of the substrate and increases

performance of the semiconductor devices.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a block diagram illustrating a cross-sectional view of a portioﬁ of a semiconductor fabricated

20 during a conventional STI process.

FIG. 2 is a flow chart illustrating the STI spacer process in accordance with one preferred

embodiment of the present invention.
25 FIGS. 3A-3N are cross-sectional views of the substrate corresponding to the steps illustrated in FIG.
DETAILED DESCRIPTION

The present invention relates to a method for performing trench isolation during semiconductor device
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27 JUL 2006 fabrication. The followi ng description is presented to enable
one of ordinary skill in the art to nmake and use the invention and is
provided in the context of a patent application and its requirenents.
Various nodifications to the preferred enbodi ments and the generic
principles and features described herein will be readily appatedil #0856 those
skilled in the art. Thus, the present invention is not intended to be

limted tibrichionadotowiRydesriptva Whrdbtied 14 S1ali@ol 8 REEHY sgﬁqn hdg &Mrglﬁgﬁd RERPE

consistent with the principles and features descr herel n present

i nvent i orinysntpwiagitis pravidetinhelcdnbxt op £pdiaat sPpRaticihad ks QuirdnRRE iR e RlirfRolshat

i nproves STl coner rounding in a sem conductor device. After etching

shal | ow tthemeftreed einbpdiments andhist geretie prifelples PIdTEASES destiled HASSwRGE fe@cfﬂ?’iaﬂﬂreﬂ to
doubl e |iner oxidation process on the trenches prior to STI fill.

Ther eaf t dhose gillgdipiheert. It%rsgmdsm wiationox el Stendd e BERES0 S eRBARAEMGWn but
re$ul'ti ng in i rr(groved_STI corner rounding. FIG 2 is a flow chart

i 1Y ust r at'f BEC thuded e vddssi seope sopttaat with the pinciplesdadifegursd deferimd @erginef er r ed
enbodi ment of  the present invention. FIGS. 3A-3G are cross-sectional views
of the substrate corresponding to the steps illustrated in FIG 2. The

process begi nsThbpregaititiettion Grodidss d ek 1SR ik Shad -n[clhis@lat‘p'ﬁlm imBlovB &4
oxide 26 (SI02) and a nasking material, such as a [ayer of silicton nlltrlde

28, defi wbmyg rawtling é 1 egiiondicBDdane iATeH bR RAGeSA subliie, lﬁ% balsat e
9-4 in st_egl 50 (FIG 3A). Trenches 34 are then etched into the silicon
subst r at ckdespsifosging A doublei linei ct@aiRB pagesd o8B Kreriches pticlo SEIEIE! TheredB), 2 dbbie
shown, the active regions 30 of the substrate 20 formthe walls 20 and

clof ner s S¥rifigial pxidatiog Rprets dsperiopmedpfepdiing firimptor @iSEhemebuddmye been formed, the
substrate 24 is precleaned in step 54, creating undercuts 36 in the pad
oxide 26, as shown in FIG 3C. Undercutting the pad oxide 26 is necessary
to expose the ch C corners 35 for subsequent rounding steps. In a
preferred errbg%ﬁc'efls a ﬂé’wl'sﬁi‘ar%gﬁfﬂal“% the STISBRfeR Becophin aceprdmig it e praferry,

nent
where th t . [ j.s a function of the BF tine used. In a
preferr egm@oé%r;%gt E%H{egﬁté%g%%i iCHr%?%’%/dc%ﬁﬁcf Soereengiviehef thesabstas aespEding to
renoved g stRenLEALOHE 36. After the preclean, a first liner oxidation is
performed in which a thin |layer of oxide 38 is grown in the trenches 34 in
dttep 56 (FIG 3D). In a preferred enbodi ment, an oxidation tenperature of

900- 1100 degr 2es . . -
e process begins by providing a silicon substrate 24 with a layer of pad oxide 26 (Si02) and a
masking material, such as a layer of silicon nitride 28, defining active regions 30 and isolation regions 32 on
the substrate 24 in step 50 (FIG. 3A). Trenches 34 are then etched into the silicon substrate 24 using the

nitride 28 as a mask in step 52.(FIG. 3B). As shown, the active regions 30 of the substrate 20 form the walls

20 and corners 35 of the trenches 34.

After the trenches 34 have been formed, the substrate 24 is precleaned in step 54, creating undercuts

36 in the pad oxide 26, as shown in FIG. 3C. Undercutting the pad oxide 26 is necessary to expose the trench

corners 35 for subsequent rounding steps. In a preferred embodiment, a HF solution is used for the

25 precleaning, where the amount of the undercut 36 is a function of the HF time used. In a preferred

embodiment, approximately 100-300 A of the pad oxide 26 is removed in the undercut 36.

After the preclean, a first liner oxidation is performed in which a thin layer of oxide 38 is grown in the

trenches 34 in step 56 (FIG. 3D). In a preferred embodiment, an oxidation temperature of 900-1100 degrees
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327 JUL 2006 Celsius is used to grow the oxide 38 to a thickness of
approxi mately 100-300 A As it is well-known in the art, one-half of the
material used to grow the oxide conmes fromthe silicon substrate 24.
Accordingly, 50-150 A of the substrate 24 in the trenches 34 is consuned
during this process, which rounds the trench coners 35. Aftef7tie Migr st

| iner oxidation, a dip back is perfornmed to renove the oxide 38 fromthe
surface of the trenches 34 in step 58 (FIG 3E). After the oxide 38 is
renoved, Celsigeic bsed td grove the oxilad¥t t o thickgespefrporokimeately #00-3RPAe hAwit ¥§é’é’bh'd’wp aly'é? of
oxide 40 is again grown in the trenches 34 in step 60 (FIG 317).
pr ef er r e@rt og f the mraterigl eed Sgro the Prifresomesdranthe %Wogfuaﬁ&rgteafbp%%idw&vépgﬁo

100- 500 of oxi de 40, which is thicker than that ro int fir % l'i ner
oxi dat i o of fe sbstERaPgIn theFrathne4 ingonsymed gurig thisprtsh W&lg*bfgt"rda%"? 088 s e d
during 10 this process, which rounds the trench corners 35 a second tine.
After the second l'incer oxidation, the trenches 34 are filled by depositing

i sol ation tr ch as TE

r)Set raethyl o tﬁr tg? ?r%télgfré)j“d%“rp o) I\‘%L{iaal? § ﬁerg’gﬂeé it S?mp‘feg}g?r?ééé th%ﬁffacegi?‘? er

t he isol ? cﬁ)es é}g g[:{ #2 Eﬁé 3%?p2§eril§ddx1d£ gls r%govecz QCOQ&(fll%ﬁO)é(%gA 1s g&%hﬁéa‘%ﬁ

back in s 1'ts’to sur trenc

appr oxi ”%{%L ¥ éécfa;{oeiay%% bm&eh@ 0okl gswm% 28t F55m s%;,)so cﬂi@esﬁ' txﬁ ly Qefeada | S

then stripped to expose the pad oxide 26 in step 68 . After the

nitride 2@bddsnedt fhk RREH lind oRiliAOR SOk ifoh8%100-309 An@s,tlwmlda i thibi@r @&ithay €
regi ons 30 of the silicon substrate 24 in step 70, which oxidizes a snal

portion @fowntidi@e RRAIRXbGRLGO AcCorfingly dhofher90-258 A JFleadh siblérad4as @ndaedréding N
cross-sectional views of portions showing a filled trench 34 and the

si0 | con sHidysdceaf whidh4oundsdie treanh carndrs 35 se@gd tne. 30. Referring to both FIGS. 2
and 3K-3N, after the clean, a first sacrificial oxidation is perforned in
which a thin | ayer of oxide liner 44 is grown on the active regions 30 of
the silicon substrate 24 in step 72 (FIG_3K). In a preferred enbodi nent,

an oxi dati on tASepis seond dingst oxxpbion, the Genchis Gt eredillekydeppsitingan jsolagion @xids A3 Rver he
oxide 44 to a thickness of ap%rOX|nateI 50- 150 A. Because 32 %é
the mat emeépbs%%a‘* Rsteg ohirdrd TR Heiragthyl eBl?Pé@cafeP a&ﬁ%@l TPt asg*éo@?’fa
25 75 A of tr 24, th
Found: ng Atfete PaHER R o PO pe bl oy i & PRITE bl Lo e B B
gféé‘r I1ici arl’acé) %xltlgeatt 81351 34’iisgi roxanaa%@ le&el 9/%( mtru% ise(ﬁf&’% L ti'ﬁe Bfﬁdg b2 églrehn

p 74. 1 Terred e reane appr oxi mat

A of mat %&lb&d to é’)\/%sg ch basd o§ld5 Sé‘ﬁm Ist)fp &Sa('ffﬁf" '§J)t Rﬁ&‘ &Ierﬂﬁnde 28 is stripped, a standard RCA clean

is performed on the active regions 30 of the silicon substrate 24 in step 70, which oxidizes a small portion of

the pad oxide 26 (e.g., 4-5 A).

20 FIGS. 3K-3N are zoomed-in cross-sectional views of portions showing a filled trench 34 aﬁd the
silicon substrate 24 under an active region 30. Referring to both FIGS. 2 and 3K—3N, after the clean, a first
sacrificial oxidation is pérformed in which a thin layer of dxide liner 44 is grown on the active regions 30 of
the silicon sﬁbstrate 24 in step 72 (FIG. 3K). In a preferred embodiment, an oxidation temperature of 900-
1000 degrees Celsius is lisecli to grow the oxide 44 to a thickness of approximately 50-150 A. Because one-

25 half of the material used to grow the oxide 44 comes from the silicon substrate 24, approximately 25-75 A of

the substrate 24 is consumed during this process, rounding the trench corners 35 for a third time.

After the first sacrificial oxidation, a dip back is performed to remove the oxide 44 in step 74. In a

preferred embodiment, the dip back removes approximately 200 A of material, which is slightly larger than the
' 4



4 27 JUL 2006 thickness of the oxide 44 grown during the first oxidation.
Thus, the dip back- renoves not only the oxide 44, but also a portion of
the fill material 42, which exposes the conmer of the trench for a second
sacrificial oxidation, as shown in FIG 3L. After the oxide 44 is renoved,
a second sacrificial oxidation is perfornmed in which a secondjhayergmf
oxide 46 is again grown on the active regions 30 of the silicon substrate
24 in st ePicksssHbepxidk grawnguring et st pedation DT, e dip, badkhensvacenalyaRadkidt igi al
oxidationbis erfornmed under the sane conditions as the first sacrificial
oxi dat i on°" A’é‘gﬁnpﬁff‘?fb‘l’fyheaﬁ’bt“ﬁ@ﬁal 38- Phichaexpfses he carudp S tha thench Fori 6 seCt SA¢HRE]
during this process,,mhich rounds the trench conmers 35 for a fourth tinme.
10 Seni coR¥AMoF toHB Gt on t hen proceeds as normal in step 78, incl uding
removi ng the oxide 46, performng inplants, and patterning at |east one a
| ayer of polysilicon 48 over the active regions 30 (FIG 3N). Because the
trgnch corners sj,anificantl ounded due to the four separate
co?ner-roundiﬁgﬁgﬁgégggggimm aﬁ?é@%ﬁF%Fﬁb@ﬁ¥WHh”@ﬂﬁgﬁ%ﬁﬂﬂﬁhPVwWé&u@é§

el ectron ¢ t.he | ysilicon 48 _and {he active reqgions 30 of
the substr. gt@ E@%ﬁfggﬁ Lg}gr%glr)b; t&n%ﬁ%a%%‘%"gs 3§e°? fis rsflr‘ﬁ?{‘csé‘{”&f‘te tz‘ﬁé“ Ln{ocEHH Mo ln 2

devi ce. dRieh b daead 8k f Q0L 08 ecen.di scl gsed in which t | i ner
oxi dat i o'r?é are perfgxrltfred i nmt %g“f%%grgn%ﬁ%sl,s PRy PSS nder sﬁ%c‘g’glg?'lsfa\fl@ﬁﬂs‘

oxi dat i onscrifidili®xipites. e&koridﬁlgl? BoktRs oSy pﬁﬁerhulggiﬁf %4! i? (qufuiﬂ')gd 91%{%8 {hga NS \glna%c]{x] y

t he enbodi ments shown, and one of ordinary s 6 artew IPfofs
recogni zaountiathe ttehercorna o8 dr Durttdideat i ons to 20 the enbodi nents, and any
variations would be within the spirit and scope of the present invention.
Aﬂbordingly, many nodifications may be nmade by one of ordinary s kill in
the art without departing fromthe spirit and scope of the appended
clains. 5 2 7 Symjcordeptyg fabipatipi/Ben procoddsmastroohl frostepEst fncldThg@moWiad hoWkidd &NCh
i solation durjng sem conductor fabrication that inproves trench coner

r oundi ng PP %F‘H’B&Syéwt?rglpﬁg lqagi @nest layssof @hlysilicon 48 over the active regions 30 (FIG. 3N).

Because the trench corners 35 are significantly rounded due to the four separate corner-rounding processes,
the present invention substantially reduces electron leakage between the polysilicon 48 and the active regions

15 30 of the substrate 24, thereby increasing performance of the semiconductor device.

A method for performing STI has been disclosed in which two liner oxidations are performed in the
trenches, followed by two sacrificial oxidations. The present invention has been described in accordance with
the embodiments shown, and one of ordinary skill in the art will readily recognize that there could be variations to

20 the embodiments, and any variations would be within the spirit and scope of the present invention. Accordingly,

many modifications may be made by one of ordinary skill in the art without departing from the spirit and scope of

the appended claims.




5 (a) etching trenches (34) into a silicon substrate (24) between active
regions (30); (b) performng a double |iner oxidation process on the
trenches (34) by the steps of. (b I) performing a first |liner oxidation
process (56), and - 10 (U performng a second |iner oxidation process
(60), and (c) performng a double sacrificial oxidation process on the
~active regions (30), by the steps of (cl) performng a first sacrificial

oxi dation process (72), and (c2) performng a second. sacrificial

oxi dation process (76);. 15 wherein coners of the trenches %3%? are rounded
I n each of the four oxidation processes (56, 60, 12, 76).Z . JUA Hht hod as
claimed in cllaiml, wherein performng the first |iner oxidation process

forms a firs%&r of oxide (38) in the trenches *(-34); performng the
second.. 20 oxi dation process fornms a second | ayer of oxide (40) in
the trenches (34); performng the first sacrificial oxidation process forns

first | f ificial o i i bstrat.e (24), and
Derf orni ng ¢ ke seBomtriad ot pfbitge! Hibiof] wehith Totdiiofo dirs Bticatdidon,
of sacrifi ci pbrieiticiethbtifipréves tfeactstdineOnuadiag the nfetioddomptRing th as

claimed in claiml _or claim2, wherein the silicon substrate (24) 'includes
a | ayer5of pad ox(ae etching uenehes (343 intag sthieas subptrate §34) betweateastivesreginnsy e
regi ons (30) 3§?1d i solation regions (33) on the substrate (24), step (a)
further incI(.J f’ng the step of (i) precleaning the silicon substrate (24)
prior to the doubfby Iperfermiogiaddaubbmlingloxidatpagyocdsh enchy tienetadsi (3¢) bydhiec ut S
in the pad oxide (26) to expose the trench comers (35) for the subsequent
oxi dati on pr%%sosfes (72, 76), 6 2 7 JUL 2006 <

’ (b1) performing a first liner oxidation process (56), and

10 (b2) performing a second liner oxidation process (60), and
(c) performing a double sacrificial oxidation process on the active regions
(30), by the steps of:
(c1) performing a first sacrificial oxidation process (72), and-
(c2) performing a sepond, sacrificial oxidation process (76);.
15 wherein cormers of the trenches (34) are rounded in each of the four oxidation
processes (56, 60, 72, 76).

2. A method as claimed in claim 1, wherein performing the first liner oxidation
process forms a first layer of oxide (38) in thie trenches (34); pérforming the secorid-
20 liner oxidation process forms a second layer of oxide (40) in the trenches (34);
performing the first sacrificial oxidation process forms a first layer of sacrificial oxide
(44) on the silicon substrate (24), and performing the second sacrificial oxidation

process forms a second layer of sacrificial oxide (46) on the sili¢oh substrate (24).

25 3. A method as claimed in claim 1' or claim 2, wherein the silicon substrate (24)
includes a layer of pad oxide (26) and a masking material (28) that defines active
regions (30) and isolation regions (33) on the substrate (24), step (a) further including
the step of: '

(i) precleaning the silicon substrate (24) prior to the double liner oxidation

30 process, thereby creating undercuts in the pad oxide (26) to expose the trench comers
(35) for the subsequent oxidation processes (72, 76).



4. A method as claitned in claim3, wherein. step (a) further includes the
step of: (i) renoving approxi mately 100-300 angstrons of the pad oxide
(26). 5. Anmethod as clained in any one of clains | to 4, wherein step (b)
further 5 includes the steps of (i) performing a first |iner oxidation
process (56) on the trenches (34) in which a first layer of oxide (38) is
grown in the trenches (34); (ii) renoving the first |ayer of oxide (38)
fromthe trenches (34); and (iii) performng a second |iner oxidation
process (60) on the trenches (34) in 10 which a second |a rﬂI ﬂmbﬁe (40)
Is growmn in the trenches (34). 6. A nethod as clained in cl L5 erein
prior to step (c), the nethod further 1includes the steps of, depositing an
i sol ation oxige (4g) I n
ooLat, 90, 5L (RmaNsd f QEaRs s, (i AR IAIANE Bl e
with the masking ng) elremdm(ngsppmamtdedﬁOﬁﬁQ ang&trqu thgpadwatide (26). (28) . -
T Anmethod -a~ clainmed: in claim.6,* further -including.the step
oE-performng a 20 standard clean on the active regions (30) of the
substrate (243 aftgrmp®aR s hiibe in RFKINRIoNEILRAS flto U2 herchh step B RIRS
claimed in any preceding claim wherein step (c) further includes  the
steps of 525 (inpludesthestepngfia first sacrificial oxidation process (72) on

r oun-on ¢ he. subst Par BettHpfil i it Hinct Bhuifh QL (365w BEALS el Bn,
oxi de (44) fr\olﬁbhhﬁrktrleyatloﬁex@@ii) lsgrujvt(m1|th<)n'p:@tbs>(M),ng a second

Second layer of sdd | Trbiats B e P pdRs TR Hetesrentduadd o4y 7 °

(iti) performing a second liner oxidation process (60) on the trenches (34) in

10 which a second layer of oxide (40) is grown in the trenches (34).

6. A method as claimed in claim 5, wherein prior to step (c), the method further
includes the steps of: '
depositing an isolation oxide (42) over the substrate (24);
15 poli,shihg the isolation oxide (42) back so that. the isolation oxide (42) is
approximately level with the masking material (28); and
removing the masking material (28).

7. A method as claimed in claim 6, further including.the step of: performing a
20 standard clean on the active regions (30) of the substrate (24) after removing the
masking material (28).

8. A method as claimed in any preceding ciaim, wherein step (¢) further includes.
the steps of: | |
25 (i) performing a first sacrificial oxidation process (72) on the substrate (24)
in which a first layer of sacrificial oxide (44) is grown on the substrate (24);
(i) removing the first layer of sacrificial oxide (44) from the trenches (34);
and '
(iii) performing a second sacrificial oxidation process (76) on the substrate
30 (24) in which a second layer of sacrificial oxide (40) is grown on the substrate (24),



2 7 JUL 2096 9. A nethod asQained in claim8, further including the steps
of d) continuing with the fabrication process, including patterning a |ayer
of polysilicon over the substrate (24) in the active regions (30), wherein
due to the rounded trench corners (35), electron | eakage between the
polysilicon and the 5 substrate (24) is substantially reduced. 10. A
nmethod as clainmed in claiml, conprising the steps of (a) on a substrate
(24) having a | ayer of pad oxide (26) and a masking (28) material that
defines active regions (30) and isolation regions (32) on tfeJléuligftrate 10
(24), etching trenches (34) into the substrate (24) in the isolation
regions (32); (b) performng a first liner oxidation process (56) on-the

trenches (34 in Awpathod as elaymed ip glaim §duigherdaclpdigp thestgpsef i n t he

(50 ) okt ot Ot b, the’ Bbrb A mBtediRudinl batérifie TG BE"eS
trenches (3j§olisﬂicoﬁ5ow!ﬁithb sabsteston(@4) ay elie abtivex réhtors6030)] wherediduentd ke

trenches (34);" (e) renoving the mask material -(28);. performng a first
sacrificial rovadedt trerchycomess (39)) elgstrom deakage thesiveery 2y polysiligincand the st

rewovi g 1 ndobsils BB BGabdAly BEIn O e the
- substrate..(24)r 20 (h) performing a second sacrificial oxidation process
(46) 5 gr oW onA Metiisdaipiba s saind, F5pning BUemoR he second | ayer of
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(b) performing a first liner oxidation process (56) on the trenches (34) in
which a first layer of oxide (38) is grown in the trenches (34);
(c) removing the first layer of oxide (38) from the trenches (34);
(d) performing a second liner oxidation process (60) on.the trenches (34) in
15 which a second layer of oxide (60) is grown in the trenches (34);
(e reinoving' the mask material (28); .
() performing a first sacrificial oxidation process (72) on the substrate (24)
in whicﬂ a first layer of sacrificial oxide (44) is grown on the substrate (24);
(g) removing the first layer of sacrificial oxide-(44) fromthe substrate(24);
20 (h) performing a second sacrificial oxidétion process (76) on the substrate
(24) in which a second layer of sacrificial oxide (46) is grown on the substrate (24);
and
(i) removing the second layer of sacrificial oxide (46) from the substrate
(24), wherein comers (35) of the'trenches (34) are rounded‘in each of the four

25 oxidation processes (56, 60, 72, 76).

11. A method as claimed in claim 10, wherein step (a) further includes the step of:
(i) precleaning the substrate (24) prior to the double liner oxidation process,
thereby creating undercuts in the pad oxide (26) to expose the trench corners (35) for

30 the subsequent oxidation processes.



t hereby creating undercuts in the pad oxide (26) to expose the trench
conmers (35) for 30 the subsequent oxidation processes. 8 2 7 JUL 2006 e
12. A method as clained in claim10 or claim 11, further including the
steps of continuing with the fabrication process, including patterning a

| ayer of polysilicon over the substrate (24) in the active regions (30),
wherein due to the rounded trench comers (35), electron |eakage between
the polysilicon and the 5 substrate (24) is substantlallyzqq?qum. 13. A
method as clained in claim10, 11 or 12, wherein prior to performng the
first sacrificial. oxidation process (72) t he nethod further includes the

steps of. ( dep nfedlintclfim ﬁ,:ébm I
and . 10 (b?i)zpol |§§?%1t38??£afuso e{tl on O%gﬂ&a%?i bﬁgli(':t rsloa?ﬁ t%g?é;féocf ation

oxide (42) is apfy oxontinuing withbe fnbnhattdnepmeﬂs; ng:luthngrpaabnﬁﬁ?@h layér of
met hod as clained in claim further u t step of -
per f or mi ng é’oiifsélﬁ@é‘r avel @Sﬁugﬂr%ﬁézéit"? vhe P&%Y%ﬁ%%‘?@ok “glﬁéqulfglﬁ F%ttge
(24) after dpnddd ehBY cohfrd43%), NllesBbEbdlagé Htwedh the polysilicon and the

5 substrate (24) is substantially reduced.

13. A method as claimed in claim 10, 11 or 12, wherein prior to performing the
first sacrificial oxidation process (72), the method further includes the steps of:
(a) depositing an isolation oxide (42) over the substrate (24); and
10 (b) polishing the isolation oxide (42) back so that the isolation oxide 42) is
approximately level with the masking material (28). .

14. A method as claimed in claim 10, 11, 12 or 13, further including the step of
performing a standard clean on the active regions (30) of the substrate (24) afier
15 removing.the masking material (28).



