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| MPROVED STI CORNER ROUNDING 5 FIELD OF THE | NVENTI ON The present

i nventi onwoaBassged t 0 sem conduct or processi ng, and nore pa&CHiusot/aaBy to a
met hod for performng trench isolation during sem conductor device
fabrication. BACKGROUND OF THE | NVENTI ON 10 Shal |l ow trench isol ation (STI)

t echnol ogy uses shal | ow, r/e$HALCOWTRENCEESOLATION APBROAGHJevI ces of 't he
same type as replacements fGORIMEEOVEDSETACORNERREUNMOEGess begi ns by
depositing a layer of pad oxide on a silicon substrate and patterning a
nitride mask to define active regions on the silicon substrate. Shall ow

t® enchesFIELR QR{BHE BY\UWAONNt 0 the silicon substrate in the openings in the
nitride mask between the active regions. A liner oxidati rocess, i.s

per f or (rjred i n Theeprosens @yendian fefteh toRicandpqir processing, apk mﬁrﬁipﬁrgc“?agyg‘]r B O‘N%)f(t , 15
an oxide (e.g., SIQ2) is deposited over the silicon substrate and i h

et ched bBEERTES t‘t"*?fét‘so?aft‘onrdlérﬁﬁgﬁ’%‘co(‘}ﬁlicg?r eﬁlce{al?{gat{(’?'enches, its top surfaiet I 2\r/lel
with the nitride mask. After the oxide is etched back, the nitride nmask is
stripped to expose the pad oxide and a dip back process is perforned on the

pad oxi dﬁAc%Eﬁb%%t(ﬁfTHﬁn\EWme polysilicon (Polyl) may be patterned to
define floating gate structures for the sem conductor device. 20 Although

Be STl pr 009?1%11&1@&&1){‘&01&9%{ @Tﬁ)@gfﬁﬁ‘ol@;’ ufh bl tering tRhdhekStolieadin®fievicksef tHOCOS
process and o provi ding a planar surface, the STI process has several

dr awbackgme EpGas rdplicimdits BrapkcodiiagtiamTnt brostsrtaginsty daposiafigmiayes efqd oridtlonwi ew
of a portion of a sem conductor fabricated during a conventional STI
process. siildog @ﬁﬁ@t@ﬁe anll Qattaang Deierde etaghwdefire dcbolredidngan thegilioerssub@atef Shillew
substrate 12 adjacent to active regions 20 on which a layer of polysilicon
14 has beenhelepabintcatied Hioehsiilidor sxbstsiebis tircatpenite® it He mhddegpask Yeveca diegtide20
formthe Si de walls 22 25 of the trenches 10. Conventional STl processing
rﬁsul ts egiotshe linexgxidaon piogeshi wirrgmadimibpregssenigmdich g thinayes piesiiide 1s e8¥RaNEE bot h
the silicon substrate 12 and the polysilicon 14 ar onductive, the shar
dBrners #60%idede B ai@tinderositiaedheotliog] Wesrpig AR l%tﬂfé‘a"écg‘e‘flﬁfq( T?etf‘%édﬁnafnﬁ gnly in P
polysilicon 14 and the silicon substrat e to.th ce .of .
el ectri ctth itrgfehes: PR friess IpvRle 1@&@%‘8“ vy 'b%‘%%fﬁ% g dgrlsper%%gggag?’%hngngeu%%? rate
corners stngped to expose the pad oxide and a dip back process is performed on the pad oxide. T hereafter, a layer of

polysilicon (Poly1) 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 polysilicon 14 has been deposited. The silicon substrate 12 in the active regions 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 silicon 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
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30 Conventional approaches for rounding the trench corners 16 include 1)
performng a single liner oxidation with a double sacrificial oxidation or
2) perforwDng/oss7doubl e |i ner oxidation with a single sacripCiraisat/39739 WO

03/ 058709 PCT/ US02/39739 oxidation. Both the approaches, however, fail to
sufficiently round the trench corners 16 to reduce electron |eakage to an
accept abdx@iabiy Hoth tAC§Proaineghowevdaatil iosuffi@anteebuhdtha r&ibh cpre@CESSs rdlivatletias

i nproved trench corner rounding that significantly prevents el ectron

| eakage babhgeesm dtdepapolkysi | i con and the active regions of the substrate.
The 5 present invention addresses such a need. SUMVARY OF THE | NVENTI ON
The present i Ascendinglyrvipr dviedded is an®f hrseress ghat ey freroret dreash o opRdéng cthat
isolation during sem conductor fabrication that inproves trench corner

r oundi ngsigniflsentlyrptetsts sleaEanuensage detpemity ROVEICRSY e pgveresien Kiheisdsis ulét r at e
bet ween active regions, and perform ng a double liner oxidation process on
the treneped Ve sdieREF A ter i ncl udes perforning a doubl e sacrificial
oxi dation process on the active regions, wherein corners of the trenches
are substantially rounded by the four oxidation processes. According to the
present SUMMAMRYOF THEINVENTIN corners are substantially rounded, which
significantly 15 reduces electron | eakage between the polysilicon and the
active regi onShepfpresdne invahsion r pevaded rid niefed &ers agformiag FBllAY Rty fisofafien  during

sem conduct or devi ces. BRI EF DESCRI PTI ON OF THE W,N(? FIG 1 is a block
di agr am femicqrdupter fabsigatign thatgapross Ferely prgper Pprdipeo heam%t“%‘ es §iehing CRHRYBRAuct or
fsbri cated 20 during a conventi onalf STI @r&cgss. (fItG 2C ésson%e Lnglygscﬂl%rt
101 ust r atifiqy SR SIVELIEIE FeEigPO Y SE TN G . (BP' AHE & NP ORE Oprefért &d

enbodi nent of .t he . sent. inventign. 25.Fl GS . 3A: cl = tJ I
views of PR LT f'gr[ﬁ‘? RegpPue pao‘%’alﬁ?léacflgmtl ﬁ’g zgltogﬁmgyf B aC&%gegﬁoﬁg Fv%h%:aﬁ 2.

S 1 ustrate

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 portion 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

2



DETAI LED DESCRI PTI ON The present invention relates to a nethod for
performng trench isolation during sem conductor device 2 W 03/058709
PCT/ US02/\80030587h@bri cati on. The fol |l owi ng description i sPpOTASenswa t o
enabl e one of ordinary skill in the art to nake and use the invention and
is provided in the context of a patent application and its requirenents.
Var i ous iabdéafibrc @hel follvsyirg @esciliftion 9 peiekd BEnBRDAMN BRGLS sBN G the@ tABMRE fiddGse the
principles and features described herein will be readily apparent to those
ski | | ed iinvertibeand fist providadi &, thet domexppiag@meit appliveeind andits fe§uifd@bntd. MaBHE @Qditi@tide to
limted to the enbodi nents shown but 5 is to be accorded the w dest scope
consi st e Pifered eapedipertyanil e senedningiplestand Baturdedaribdiddremerilbaread@ppee ment
invention provides a nethod for performng shallow trench isolation that
i npr oves T&Fskilledgp e prt. r dyh die Rigsentinvgntioa finelGriended to be Limived toethe oafbpdimentstshidyinigt
slgal | ow tre chesd %nt 0..a substrate, ,thhe process includes performng a
doubl e | 2P ST BREF BHoHIORELLISER VHith dhe pringtion s fispures feseripeddyereirt j | | |
Thereafter, a double 10 sacrificial oxidation process is perforned,
resulting in inproved STI corner rounding. FIG 2 is a flow chart
il lustrating fTher&Fit iypaioe propideeastod for aatoonisasheiwiichdh igisiopiha fuers\@¢STI
enbodi ment of the present invention. FIGS. 3A-3G are cross-sectional views
of the sCUBST rARENE B Ee¥rertirtprgdevige: Afier etchinpshallpy wrsichastiatd aj sabsEMG the2procks The
process begins by providing a silicon substrate 24 with a | ayer of pad
oxi de 26"F&¥HP§OHpRe & douhigdiesroyidatiap @fopesy on heEdrches prpr (- rfillo fTherpafier @ doublet r i de
i , defi Qaicrri]i%. ?C)H ve regions 30 and jsolation regions 32 on the substrate
in st&5 5 PR PRRTSS SPPERRHE SiRe Bipreyrd STIePRrder g o t he silicon
substrate 24 using the nitride 28 as a nmask in step 52 (FIG 3B). As
shown, the active regions 30 of the substrate 20 formthe walls 20 and
corners 35 of r Ten . t r 4 have been forned, the
substrate 24 F?%r Iescfggﬂgcgar?ﬂmsst@g% %z,ﬁgrséaéigin[%gc%%nl earcgolrj 5°° %6 P F'he Pad
oxi de 26emtR8imsho¥He %{&CIE lifenti3- FIGR ARI3GUt cdATsel Gt RRYS SPe dgsfl c'oﬁes{;b%g"lggs Bl Yy
to expose the trenc corners 35 for subsequent rounding steps. Th a
pr ef er r ede e anlitarainFI@ 2HF sol ution is used for the

15
The process begins by providing a silicon substrate 24 with a layer of pad oxide 26 (Si0,) 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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25 precl eaning, where the anmpbunt of the undercut 36 is a function of the HF
time used. In a preferred enbodinent, approximately 100-300 A of the pad
oxi de 26 wo osesved in the undercut 36. After the precl eamCTAISD2/8%89 | i ner
oxidation is perfornmed in which a thin [ayer of oxide 38 is grown in the
trenches 34 in step 56 (FIG 3D). In a preferred enbodi nent, an oxidation

t enper atadsts 8fusQ00 e GR wlidgpees: thi&kndOoNPHOEBREY 103D AS0RE BOFRD-kn@alinihes | s
used to grow the oxide 38 to a thickness of approxinmately 100-300 A As it

i s wel | -dnowmhalf of thehyanterialrused to pow timlokidpfometzomihe glidon pubgieed4t 6°@¥dGWYt5er156xu de
comes fromthe silicon substrate 24. Accordingly, 50-150 A of the

subst r at ko2 sipstrai2d ip i Heriskes 3414 cqnaumed Ausing i PERGTSH HGIch 1oPes B Sensk eomefip o h
rounds the trench corners 35. 5 After the first liner oxidation, a dip back
is perforned to renove the oxide 38 fromthe surface of the trenches 34 in
step 58 (FIG. 3E). After t ved | t|on
i per f or med I 2}\?‘ﬂfst:lﬁle1éoxé téod]n Ilf gaylg%s per. ormé%ianem 8: o s ?ngm {nf g‘lﬁfa&)%lfgl

I'S agal n grown

trench eS 34? £|4 1‘?1'[5% SQQFI& FéEé;\\ A%E ) th (L;&l]e %8 Q%rg%xg\ye{l eacgecoﬁmgeg LRy is tp%nﬁ&iclg nd

liner ox{U4f on ms appr oxi nmat A’of oxi de 40, which is thicker

than th hich QMd I1 A2 %mfd"-: L& ts lgzlum gﬂewﬁ)lﬂ Hatddoms 3&‘9{9@@%0”(@16’ 380k hekef&@Ra 250 A
of trench substraté 24 1s constme during 10 this process, which rounds

the trengloGRER HcSedR BheSRERNH sloiTpprofinaRly 1bMisn0Sestoxae 40, wiaris ket ati o, t he
trenches 34 are filled by depositing an isolation oxide 42 over the

subst r at @owadinithd 54t @Rer OdidatdhiC Accaslinglir@bitet &1-25a6% dfytlenabrsttiyosd 24 is ednemed durkiDP
(high-density plasma) (FIG 3H). After the isolation oxide 42 is

fleposi t edlis piobss, ivbicl @tridothe otcid@mé@ 35 ssepwtitimhied back in step 66 so that its
top 15 surface in the trenches 34 is approximately level with the nitride
mask 28 (FIG 31). The nitride 28 is then stripped to expose t he pad oxi de
26 in step 68 (FIG 3%?: After the nitride 28 is strip a standard RCA
clean is perfrthedgecors ine Oé’é%tioi}ﬁéhert@g‘ihﬁfr?’é‘ agrfillgd by ‘il?BOSé‘i“F f“b‘éﬂat‘%ﬁ’g‘ie 41724 in

step 70, which oxidizes a sna porti on

50 B o e pbteah i yadretier i R0sterel Sy Bt PeREe PR Bk > Y

filled trench 34 and th trate 30.
Ref or 1 i QRBIORTis s SRR Db 1 £ HIRRE o8 LIS LB

3%' datiog rflace up ﬁme trgr{cgrequ snap%!uﬁlgtel? leklglwnth R @FideQfasO%d Q#Glﬂl)n Effhe Aifkide 98 GrtiAN ON

e acti v
stripped to expose the pad oxide 26 in step 68 (FIG. 3J). After the nitride 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 and 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 performed in which a thin layer of oxide liner 44 is grown on the active regions 30 of
the silicon substrate 24 in step 72 (FIG. 3K). In a preferred embodiment, an oxidation temperature of 900-
1000 degrees Celsius is used 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. Ina

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



the silicon substrate 24 in step 72 (FIG 3K). In a preferred enbodi nent,
an oxi dation tenperature of 900- 1000 degrees Celsius is used to grow the
oxi de 44 wo oa/os8Thckness of approxi mately 50- 150 A. BecauseConso23»7sal f of
the material used to grow the oxide 44 cones fromthe silicon substrate 24,
approximately 25-75 A of the substrate 24 is consunmed during this process,
roundi ng thitkaess pidheciride é4 erews d@i5g fhe firseoxidatiand Thusyree dif\bdclefemb¥ee ndtiofil$ the oxide 44,
sacrificial oxidation, a dip back is perforned to renove the oxide 44 in
step 74. PHtplsg 2 portiopef thecfilemisesia] i rthich tehposedithy domnekofr thnoanels frap pecond swritielay 200
A of materjal, which is slightly larger than the 4 WO 03/058709

PCT/ US02/ %899 & R FEE dlof the oxide 44 grown during the first oxidation.
Thus, the dip back renpves not only the oxide 44, but also a portion of
the fill material 42, which exposes the corner of the trench for a second
sacrificial I .on, in.FIG. .3L.. 5 After the oxide 44 |s
rt?:rmved, a se%egth ﬁ‘ets(g(%r@ i ???“Z ¥ &Cl)glsea%ntdis%c%lflé 0’5182?‘?16?5%8’“?% IWfﬁﬁlha Sﬁ“"é‘%lﬂﬁeﬁaf

| ayer of oxi@xXkdlg 46, | i . y i Q -of .t-h i]licon
Subst rat &5 s 5 i ESBARAD ARG HIANS DS ool Rl 20D PR 18 b B latna
sacrifi Cip@ltereXéidlimem, 1hd sdobial HFBE AR if PeHRRTBnEP B sihORRi@Rs tfe 51' f st
sacrificial oxidation. Accordingly another 50-75 A of the substrate 4 is
consuned satifidia gridatiors AREQEGRESanotliS0NS5 Ardp B Sibstalb@4ty BREReCRFRENS prass MiciA
fourth tinme. 10 Sem conductor fabrication then proceeds as normal in step
78, i ncl udndsdhertrervhvormgs 5Her adxirtdlémé 6, perform ng i nplants, and patterning
gt | east one a | ayer of polysilicon 48 over the active regions 30 (FIG

IQ). Because the trench corners 35 are significantly rounded due to the
four separate _corner-rounding processes, the present invention

subst ant i al | yStcpadustor &begfiorofien rragestdyers ermakeiarstep 78, ipdidjngi eiayipe tieoxaiad6t he
active regjions . 15 30 of the substrate 24, thereby increasing perfornmnce
of the sBHCEUNITREYS anfirpiirning ahlepstonsddaveiai Polestlicen 4Sionsy thsTetiveEegions S8 Qi B84 osed
in which \c{\aﬁ)lselt‘;e ree;lcho%i da%’gons. ar.e erf%rcr(ﬁg in gﬂe trenches, followed by
two sacritrcral. oxidattond TeTERIEPOSIORdcT F9dhine GHT 1R, eABReT-tpRdE; PERSEFSS:n
accordan j ' ho and one of ordin kil] in the
art i 1 B b B RS, R B e BER R pp R FBE g B e eons

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.



20 the enbodi ments, and any variations would be within the spirit and scope
of the present invention. Accordingly, many nodifications nmay be nmade by
one of orwpmawgs7ekill in the art w thout departing from tReTas02/84730nd
scope of the appended clains. 5 WO 03/058709 PCT/US02/39739 CLAIMS What
is claimed is: 51 Anethod for performng shallow trench isolation during
sem conductor fabrication that inprovescLAmmsh corner rounding, the nethod
conprising the steps of: (a) etching trenches (34) into a silicon substrate
(24) between active regions (30); (b) perform ng a double |iner oxidation
process (72) & fBheqadd on the trenches (34); and (c) perform ng a double
sacrificial oxidation process (72) and (76) and on the active regions 10
(30), wherein corners (35) of the trenches (34) are rounded in each of the
fur oxi datA eBthodoOREEE R, shalloW AencABbINRE d0fingGhiatdmidkioVRBHGLh thdd BnpPdvbd FA,
substrate (24) includes a | ayer of pad oxide (26) and a masking nmaterial
(28) t hatorgkefoumiag, achetine coegisognse {iGOpf: and | sol ati on regions (33) on the
substrate (24), step (a) further 15 including the step of G precleaning
the silicon sist r acking tA9heg(B4) duto ¢ Blichhmbstiate Kl4Ebelviemesctiaxegitat (30, t her eby
creating undercuts in the pad oxide (26) to expose the trench corners (35)
for the subs&juenperfoxniani Jouble eperidgianproed§72)andl(76)78) on thor@cliEh@4wethod of
claim?2 vvhereiog ste ga) further includes the step of 6()i) renmoving

appr oxi mat el y00- B%fs’ WR%R fubigesacgificil pgidpion PekistE2| 26)(70) and g e Akiv tselionst

aim2 wherein st further_.includes the steps of: (i) performng a
18 :Or st |iner oxidat %@h(‘%%r(%égrgerf 5338% O AR BRReE Ff’g) ' &hegsd do f‘”’%ﬁ)’f ‘?ﬁf%?’ﬁqﬁu% 25
first layer of oxi 9:%ce@§§) is grown in the trenches (34);

2 The method of claim 1 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

15 including the step of:
@) precleaning the silicon substrate (24) prior to the double liner oxidation, thereby
creating undercuts in the pad oxide (26) to expose the trench corners (35) for the
subsequent oxidation processes (72) and (76).
20 3 The method of claim 2 wherein step (a) further includes the step of:

@) removing approximately 100-300 angstroms of the pad oxide (26).

4 The method of claim 2 wherein step (b) further includes the steps of:
6] performing a first liner oxidation process (56) and on the trenches (34) in which a
25 first layer of oxide (38) is grown in the trenches (34);
(ii) removing the first layer of oxide (38) from the trenches (34); and
(iii) performing a second liner oxidation process (60) on the trenches (34) in which a

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

30 5 The method of claim 4 wherein prior to step (c), the method further includes the steps of:
6



(ii) renoving the first layer of oxide (38) fromthe trenches (34); and
(iii) performng a second |iner oxidation process (60) on the trenches (34)
i n which woosesssned | ayer of oxide (40) is grown in the tr@ecthse2$Bdy. 30 5
The nethod of claim4 wherein prior to step (c), the nmethod further
includes the steps of- 6 WO 03/058709 PCT/ US02/39739 depositing an

i sol ation oxi dpositdg jn isalgion biide (L bet thasubst@@4)); pol i shing the isolation oxide
(42) back so that the isolation oxide (42) is approximately |level with the
maski ng mat er paishifg2B)isolatipmioxide KBV baglgysottinethergeistion @lg?e(t‘% fsj aggproXipgaly levebwigh i e

met hod of claimb5 further including the step of. perform ng a standard

cl ean onmedsiae meteial@8% &i ons (30) of the substrate (24) after renoving the
maski ng material (28). 7 The rr@%%lod of claim4 wherein step (c) further

i ncl udes the Eef"@ﬁ%g%?m?(s]“)‘g‘ﬂ@?”la ing a first sacrificial oxidation process
(Z2) on the substrate (24) in which a 10 first |ayer of oxide (44) is
grown on the substrate (24); (ii) renoving the first layer of oxide (44)

from the ”fnn&@t &4 de b s 1(1&1% r%tﬁa%{e; & MO o SERANHAGT ol WUgioR¥h ogatl on

process ?7 strate ch a second | ayer of oxide

I's grown.gp. st;&ﬁa@&gﬁatft&qgrﬁm‘r%%ma&(ﬁx &tk 2gpt hod of claim7 further

i ncl udi ng the steps of: continuing with the fabrication process,

i ncl udi ng Pﬁ%ﬁé‘ﬂhéﬂd’maﬁﬂ@%@rns@ﬁ(cpﬁxhyesinkma‘e@meav;ﬁbfthe substrate (24) in the
active regions (30), wherein due to the rounded trench corners, electron

| eakage between the) pol yatdriepafirstnatrifidie osddtibicoores (123 brr the wbgti214 J24) ig which a
substantially reduced. 20 9 A nethod for perform ng shallow trench
i19ol ation during seni cofidubreoe! ckidbeidagporenttheatbsispl@dves trench corner
roundi ng, the nethod conprising the steps of:

(ii) removing the first layer of oxide (44) from the trenches (34); and

(iif) performing a second sacrificial oxidation process (76) on the substrate (24) in

which a second layer of oxide (40) is grown on the substrate (24).

15 8  The method of claim 7 further including the steps of:
d) continuing with the fabrication process, including patterning a layer of polysilicon over the
substrate (24) in the active regions (30), wherein due to the rounded trench corners, electron

leakage between the polysilicon and the silicon substrate (24) is substantially reduced.

20 9 A method for performing shallow trench isolation during semiconductor fabrication that improves trench
corner rounding, the method comprising the steps of:
(a) on a silicon substrate (24) having a layer of pad oxide (26) and a masking material (28) that
defines active regions (30) and isolation regions (32) on the substrate (24), etching trenches
(34) into the silicon substrate (24) in the isolation regions (32);
25 (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);
© removing the first layer of oxide (38) from the trenches (34);
(d performing a second liner oxidation process (60) on the trenches (34) in which a second

layer of oxide (40) is grown in the trenches (34);
7



(a) on a silicon substrate (24) having a | ayer of pad oxide (26) and a
masking material (28) that defines active regions (30) and isol ation

regi ons (8P)3os870he substrate (24), etching trenches (34pCirniso2/84789 silicon
substrate (24) in the isolation regions (32); 25 (b) performng a first

| i ner oxidation process (56) on the trenches (34) in which a first |ayer of
oxi de (38) i s (gr ownemevirglie ntaskenadeeisl ({534) ; (c) renoving the first |ayer of
oxide (38) fromthe trenches (34); (d) perform ng a second |iner oxidation
process (60) df t heetforaing héisst 2@ #fipial omidgtion ploceas (320 thel subkteryed24) af whikiadiest (40) i S
grown in the trenches (34); 7 W 03/058709 PCT/US02/39739 (e) renoving the
mask a material (283 ¢Pyidsfd iorarineg thy sybptragtCQacri fi ci al oxi dati on process
(72) on the szb)strate §24) in which a first |ayer of oxide (44) is grown
on the substrabe (I9OVRgd¥ Tty rhingids He fropytaasupsagie4f oxi de (44) fromthe
sypstrate (24),,; 5 erformng.a.secaond sacrjficial_ oxidation process
(%) on the suBst r;{’% rggr a3 Sﬁc?fm\ﬁﬁﬁfﬂ%ﬂ 81’“‘%%‘%"(:1’6??853I(7§§/‘é“rth%sflb56rﬁtf“'8°€)‘(‘&’B‘fh? s grown
on the substrate (24); L Vi n he .second | ayer of oxide (46) from
the substrate (24) ,%e()%del%?%f(o(%%erﬁ@gsls)gr((@%)"tth&su@ﬁage(%r%ﬁches (34) are rounded
in each of theyfouremxi [ f claim9
wherei n step ?E)i) fu?ﬁgrgﬁfers]%ﬁfgé@pﬁﬁggi(? %’E)f’%g‘g‘ Qe(s}[%lﬁ%ggz%? gvg%ig’ﬁfgoﬁeﬁég%f) t|h‘?:on

substrate (24) pri Glendné (34)8redRuRL & chdnRethe A HRAkR ProcdEr €y creating
undercuts in the pad oxide (26) to expose the trench corners (35) for the

subsequent oxidation processes. 15 11 The nmethod of claim 10 further
including the steps of. (j) continuing wwth the fabrication process,
il%t] udi nd0 pErtethnd ofglaan ¢ wiestin o (P Glrthisidcindermesnest: t he substrate (24) in the
active regions (30), wherein due to the rounded trench corners, electron
| eakage between @ precleaning the silicon substrate (24) prior to the double liner oxidation, thereby

creating undercuts in the pad oxide (26) to expose the trench corners (35) for the

subsequent oxidation processes.

15 11 The method of claim 10 further including the steps of:
)] continuing with the fabrication process, including patterning a layer of polysilicon over the
substrate (24) in the active regions (30), wherein due to the rounded trench corners, electron leakage between

the polysilicon and the silicon substrate (24) is substantially reduced.

20 12 The method of claim 11 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
b) polishing the isolation oxide (42) back so that the isolation oxide (42) is approximately level
with the masking material (28).
25
13 The method of claim 12 further including the step of: performing a standard clean on the active regions

(30) of the substrate (24) after removing the masking material (28).



the polysilicon and the silicon substrate (24) is substantially reduced. 20
12 The nmethod of claim 1l wherein prior to performng the first sacrificial
oxi dat i orwproeosssss (72), the nmethod further includes the Prepsonse73fa)
depositing an isolation oxide (42) over the substrate (24); and (b)
polishing the isolation oxide (42) back so that the isolation oxide (42) is
appr oxi melteyrapsisipstructye i spirigongiecsk pubejraipritatlial igplatjop @gionsgd pgivyiseionsdiMad of
claim12 further including the step of, performng a standard clean on the
active r SGpOR&briQEmMPosFSSIhEOTARNEY r at e (24) after removing the masking

material (28). 8 3/ 058709 PCT/ 2[ 39739 4 A transjstqr structure in
a sem conduct ot’fen%’%/}ggégrnh %lschéﬁ‘ﬁlﬂ mﬁ&@l@g?f{ﬂéﬁs R5hate é@i hayiee ‘éaﬂﬂ%oﬁﬁefiibi’/ée F"gij'iaﬁns
(30) at 51 ook hcation processing, conprising: trenches (34) in
the i sol 3%‘%)3&@&%?9‘%63?%‘%%% of the substrate (24) having walls formed by the

substrate  (24)gd: Byd B BEHILA RedoPh e dcdQregions @of Ldast |ayer of polysilicon
deposited on the active regions (30); and substantially rounded trench
corners (35) adhsBrRNY rohRled R dofnSiks (I5PMREenOb HRGkY Bld: biGRNsifiddR thatigBiRbhiycant |y
reduces el ectron | eakage between the polysilicon and the substrate i'n the
active r egiuassledddkakaidRfv@itythe dolyRlidY bidGhe3 sl A¢ iITRRGRIvOTegibRE3M) RSy St Or
structure, wherein the trench corners (35) are forned during fabrication
pr ocessi ngpibyingyerféranme pihearadkdstd btactutendteretied@bdh 0orndrS@3) astokmeddyinon t he
trenches (34) followed by 10 perform ng a double sacrificial oxidation
process (fat@yatig_mptoc(essely by pedforming a double liner oxidation (56) and (60) on the trenches (34) followed by

10 performing a double sacrificial oxidation process (72) and (76).



