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WD 2004/ 061945 PCT/ US2003/ 035344 TRENCH | SOLATI ON

STRUCTURE FOR A SEM CONDUCTOR DEVI CE W TH A DI FFERENT
WOREREE199F CORNER ROUNDI NG AND A METHOD OF PCT/US2003/035344

MANUFACTURI NG THE SAME TECHNI CAL FI ELD 5 CGeneral ly,

the present invention relates to trench isolation

TRENGH HPEATION SR TUREFPR A PENICANDYEFARNEVAGE Y TH A DIFFERENT

S HFCREB DIV GRNIFEROCRBING ARDACHETABD!OF MANUFALEURING THE SAME

nei ghboring circuit elenents fromeach other, and,

nore particularly, to techniques allow ng the

adj ust ment of char act er TECHNECAH FEEL®Bnch i sol ati on

ST WehdMil® Sihe %gh‘c AsventfoR [1EI8tes wodh NIARH stffibed Ual usually employed in
s @t I eS Crea her ei

r] % ND ART 10 Thﬁ ongg 9 b oth d

A 110 T 1 S HP DG PR DA REE o et ter,and

mord partiogdrlyte tedim@mes allepditg theadjustingig) ofi¢herelcteriztias ofireheh, isafetibn structures, such as
cor%%k&ﬁg&n%%ﬂeﬁ&al%&& g2y e/ ease in the feature sizes

e circuit elements_but also requires a structure
that reliably el ectri caPAGEFROUNRART adj acent circuit
el emagitipoihg B¢nd eacdatitibizs implobity @é Perfoli@navd inli@Blrectedd) fach as integrated

. ar . [ L.sol.ati I res. :
o 8, T L RS20 ALP Y RS0 s
strugfFe fhak reliably electigally ingPdes afinspteipuitjclempricireapeagiyother gherein the available chip
areh ﬁﬁﬁlﬁcﬁﬂlgq'bdlaﬁbﬂ Jhﬁctﬁf@svdeﬂ&s&iaﬁ G irdatuR | sRERUT R cdulitRleAents are shrunk and

the nu]i?ff)er the eotJ IT mcrﬁaseal i Soog{él atg:' circyr s%a\X & cuglq{] e?emﬁnts Wi ahfeatprg size of approxi-

Ion structares suc
mateA0EN Qﬂdd@althecwcﬂldaabhd]qd sblaton Istructorey suck by thc L QE@S @gcel oxidation of silicon)

StrlRl:llﬁif e@g r¥b1§ %Bia&ﬁ %9 IJS)Sy spgﬁ%&sm ﬁldchgﬁjesﬂéfgbﬁgso@aﬂ% m&ﬁes requmng the
i solation structures req uirin

fo
Forgiog oL BT B RTPE IR T Pk MRt OF eduction o
chip @res iockepiat byothe trdnch Bdﬁt[ohlsmtu‘teOcohlbz&ed @0 diueCitO@DS ofucture hthepformer structure

pro@fdg‘saa QG I%Hﬁ)daﬁ}d |}])e artsjagacg rfgln QJBS a Bﬁolto(ﬁﬁl?ggﬂ'hy cr}r&é s@es thereby significantly

nmpar e struct tructure
ungp\@‘gi tbee@sogltl%ﬁ§@edwf’q°]§llqg§ﬁpw }g?f:gqs carpiared (o the &F ong;l& Bg@&ﬁj‘r@pﬁgraphy of the
LOs ts@chite) Qlthayeh Yheftamsiee f, trehdheiforkiyn Siugiired inoaliet thapufaduring process of

mt%rrg?ed c%!:qu mégztﬁtar{ﬂg %ﬁﬂla}fce% Qegllc? t'ehg thc%&&hétﬁg ngﬁp %P]lﬂgreahe):fl pa%kage density,

ess Co
cerafpessus @XBeE BT RN Eenchisp oY g‘ﬁlctuf?é “iaeiflB et fofimereions of th isolation
strllcﬁl&fhﬁlﬂthb §scRlell BfbuiS lErhkts dfpsact e @eg Jaammuégaﬁa; WFor cﬁkﬁensmns in this order
of g; e Srelgivelé kﬁg% gl?crﬁ%%l 1eldg ! Cl%r']leg:t esate Iorgsrl]llﬁr% cgrfale% otheetr nc% dso%gon structures
ancbg@y}{c@g@or@@ﬁ;@ t]@ey)perat@g of the ﬁrcplg@g@gts,apqhgefiqlcﬁeffect tran31stors and capacitors and

theTRE) Yihat trédﬁlin&gn b i8R&GRdI1% R bireRt b&%édﬂ%ﬂjh%ﬁ%mlﬁ%ﬁﬁ@ﬂtﬁlﬁhy formation of a
of the isolation .str

tre%Aclﬂ 1soé%1glg égﬂgﬁeg Sg%)]g]iglz)h irgauizss th% ﬁ{ngloyg%eﬁtr 8fa Blhotc{':f!ﬁjg Z'% and anisotropic etch
techniquesTivierepin pagiggilae upifep corgirnefitkd temshep pxhitiiti dueatp dieer anBaroofc etch process,

relATREY 'sﬁ Sorner's Qlllaﬂn'ay %t%e Qhﬁherﬁ%' Q&ﬁu’ie’d%lcoﬁﬂoﬁﬁmg %ro@@ypé?ﬁneters of the etch
created on. sh arp corners of he trench i solation

proggsp- EHeIFO8S it hayhgcomgyapdret reretizedo S 8 dtermpafl g s P o ong surfaces of the
trefich@o @4 1o Quervide édr antetessed sadimb o@irvhiue] epeefaflecft thd nppersdosito o the isolation
trel?cﬂcq &l@gﬂlcﬁotvfewe aﬁ‘ﬂlgreasEMwHe%%f thg {h%lalll gr(gvﬁlsdﬂdg s l;l(ﬂht@ﬁ]al compressive
I ncr eased age current et ween aﬁé acent circult
strest @highip g Wéd\fetf?lwaﬁchtcﬂﬁvwr chagacteriptishefibeiadiagonttcirgy element.
st r ueithue®re@e REFiglrésylaF & CHl faBifeatioh @f € BglvayismNisolfon structure is described in
mo\%l::gtté?ll I &nﬂ Q%ra??lhz a?s@rgucg‘n%lﬁc%o?:srtrg%%r% elr%s orflpr{s?e?c h rs]1|1b eh 101, for example a
ser@gmﬂqgtot subsiigie, suah a pelioep afen praysiicdecteie g}ﬁstrme@gaéxgga seg@onductor layer, such as

an B@i @ﬁléoﬁ 8h YsubdRy SHbsERE.NER Sxide W@Er IU@M fiRba Rer (B bubstr&b 01! foYexample in the

n roe ers _aof the et

rorf en s, B o i ot QR NG bty i i may e
prefepabin wlettéviesonas| th ypergy eawn stox ilajer during miG&P praeehsacaredfin ¢ Higther advanced

trench so as to provide for an increased radi us of

curvature, especially of the dpper corners of the

i solation trenches, wherein, however, an increased

t hi ckness of the thermally grown oxide entails

addi ti onal conpressive stress, which in turn may

adversely affect deV|ce characterlstlcs of t he

- ~r- \A" Y o p—



10

15

20

25

30

35

40

40 preferably selected so as to serve as a stop |ayer
during a CWVP process required in a further advanced

WO 200062084/ 061945 PCT/ US2003/ 035344 nmanuf act BCTME2003/035344
stage. For exanple, the layer 103 may be provided as a
silicon nitride layer. A resist mask layer 104 is

mengRoHEES iger Far Femplel thlaysr HI3 meay broprovidpd ps aisigoryimiflqayer. A resist mask layer

104 @rigrRed dveeﬁeedﬂnoxa;nma@eﬁt ng hl@rfg. forle@ theteiRM §ieMRS108] thaMih&Bions of which
I‘ £ S e rt]ta nsi, 0 n

sutg ér?t?ah}? rr?tgr:gsaent t%{et cLe ngta X t : értencg i(bﬂle Iimted Tu%snﬁtg lhgt féghoulg be noted that,
depending on de penaf rigtobithogranky teghmiguofmpiiyed &elrpstmo gegpliy may comprise an anti-
refleBB Gdaﬁtkgeto ehmc@ﬁteftsohtheoftlesph&tm y4g# may conprise

an anti refl efﬁo ¥e coatltg ance the resolutio

of th Q’Pﬁﬁlolt%‘te?s g o5 ST epsemtetft}spf ﬂ’l“"tt’:‘iﬂolé’gé’éayflt‘%%e he following
prdcemsesf Gheroxidy 14ykiel 08 ewny bo fuakucit tyra cotivertvhall beid4liol progys or may be deposited by

chénﬂga Va‘ggr Je&ﬁltlglptd\}@%e@ﬂuqu&r&ﬁ%ﬁt@ﬁrlate% I%Qs@s lI@eX@ fhe %Qam nitride layer

f or med conventi onal oxidatio rocess or
1 Oﬁésy deB%“tﬂje &&@W?delﬁ' Bylying @ Ipsist yer \;%i’f) &r Subsé‘ﬁﬁglyt Raggned y) photolithography
prdcaﬁ ForforentReSopbiiiR MOA PPeQi¢ril Aln@ndding GUlieSPEniGAD L May d¥sull on théiecific design

of ﬁfe c{:&ﬁ% rt]o &I t{)&ﬂeg eang %?yg{e/%lltrg'?ﬁ%\#cgc} @1% t%ég% 3:%7 %hﬁ{glleg q1 Poy m ance, feature

aresis
Slesyn ﬁtle pﬁh&?tOéhnptomtgtebqﬁﬁylmla@d lsssareassty mapufichireth t he ope n | n g

105. Flé[ttkelblséh%ﬁit@illyQHd% the |sé?xﬁt§)n&1t:t01t s’ﬁﬁctﬁ}p @d(ol wifd a:la?&h H&Yformed in the silicon
Cul

nltfugﬁpl%ldlog thejoxrtfiéjzp Frel(ti%J Frl,dé) Et‘l?’gh 818 aubbtﬁlszt 18? {"tﬁaﬁpcgdﬁ@ﬁ)as bottom corners or
edgee ¢Wn;ylnphe§uhphemndmg)or airmits ah@evatufediat depards @i thesspecifias ¢fife anisotropic etch

pch@srs]ggn u@gﬂfoﬁf&h gpﬁt@iréﬁc}p hgwe%ratﬂéjm eﬁ&g b%&ntﬂg olgﬁe layer 102, the substrate
manuf act SC enatlca

S
10 Bl ors YA bui: THGRersaey %‘é‘ﬁéﬂ“%%ﬁdﬂ%w‘t@dmy not be easily
roinfdedtdogingshd dtab@rocess difertd the clagnytenistids@B the bi@trapic déh prayser Sifldd 2harp corners,

%% R ltO% % Bénticlip u;BJH%gpﬁlU 34 Bfaat\gl}a:gg Jrelatﬁgg Xt{gl)gtgagcatcgi%ldpﬁ%reas adjacent

tom cornérs Or
to fh iigRsd 180> IsPestive £AERS mstsureaﬂﬂt/etlﬂhéakehtatm% herfergery K07 ppd especially the
ar@PHB) dia€® ndilimizh enyanid &atnt Gpad ok CiRtuip&latatBanuGiuréd nebl{id olation trench
| ch, however, the interface between
10?%& a%]fcfg({e[ﬂ%?gan&itgp the substrate 101 and the trench
106 Thafstt"eneqnetheadthﬁylalmsle lipgr |19 erovt PR Anar lreds eI trgieh 6 in order to
pré/k A@drged fadﬁdaemwtums Bt theateal 008 dD Bic RkStadelbetwe@URABecBHYISHlRG dioxide 102

antg I}]te mat%rclzali] oiﬂﬁe su ﬁte %{e Itttt(t)rnst Orl]lghg\?lt;]e%gr t er I it Ir i grmaf ox1£ w1th1n the trench 106

ana} Wéseatpeet@gdem@gmg mylk @]qtkafor filliggodye U@I}SEWGC‘EIW aoqhelqyﬁrlcanaterlal may result in a
redﬁ@gdtqﬁﬂﬁv of tR] Rhbsu& dkids ﬁtﬁ%gi 14 Cidhi r&@ladjﬁdeﬁlttd fhe kHRrn@l BRS oxide, thereby

PR AL e LT P ERRERE b POUTLE (7L-GuP AT Eer 17, Comsoqvnty,
so-aglidd Beip bt alrdoyss ifipqueatheaploy@8in vieh dw bt oRitiatis dippgtedprior to forming the

thdrRAIMES iR kneldRAGs. ON @ Circuit el ement manufactured
near_the isolation trench 106, such as a field effect

t r arfaguE by schematigally ghows tgesrmicondqior sirpoag AQH Wiy p giicqn; Siggde tayer 109

foringd gieimticnch 106 toan esent thaclesremh 10dieretisbdritiad 4 0Bst upitodedidicon nitride layer
0] r |

10%_. O%ppgoﬁygé{%’]gesosﬂloh @P&ﬁ‘l{les s@gl ay &e&tcgl%%g?’ & Usqtﬁ‘)n %Eth éljgll%lrsgg%%&ssTEOS, oxygen

e Interface be t ween ectric ]
ang|pzgng all @ tempgraturg Ringad appEinpelye3s P-830° @ fmay heempldysd te aubstartigly, fill the trench

1ottvitﬂowtmre@m,ofh@we&saﬁmﬂ hat growi ng a thermal oxide
sequent

within the tren |y deposi ti .
bul B’ll%t;gi lg échfla?‘tlc'ﬁﬁ{;ll ﬁ:thwlﬁ 81 lstﬂlgcoP uétﬁxésljf'ucfte‘%){% V]\flﬁ aéhermarl1 gxu% layer 110 formed
onclixglizalg¢ finer svefhaey jofikhe nigeychr B Whereim particulgtyy dedowpdial iat yhe areas 108 is

Slgﬁhc&%g‘%%5| ted oxide having a higher etch rate
adj a ent to the thermal |iner oxide, thereb possi b

| eaoti ﬁ&‘e‘tnﬁ Fiig laétréé(ttwefrte sormwd’e/enegnattﬁﬁuwgatf )rﬂ%l to emnﬂ&ng ambient 112
at of eldvired ®inparane) wherkin ittd eliclleatyie bxideQBateriosTSt2osentdoyls si@ultaneously densified.

so-called "late liner" process is frequently enpl oyed,

in which the bulk oxide is depesited prior to formng

the 30 thermal oxide within the trench 106. Figure Ic

schematically shows the sem conductor structure 100

with a silicon dioxide |ayer 109 forned over the

trench 106 to an extent that the trench 106 |s

o, oy N a - q
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on oxi di zabl e i nner surfaces of the trench 106,

wherein, particularly, the rounding at the areas 108
woOoo004gi6tpasf i cantly i ncreased. The thernmal oxi deCcragern3/035344

110 may be formed by exposing the substrate 101 to an

oxi di zing anbient 112 40 at an el evated tenperature,
By iveiomiatelyt st diegqepss @uaRiiaeof i @xidadin Regoess vethicknpisrof 419 hermal oxide
la}leﬁllfﬂlrﬁﬂy|bE an]@swash YocBamsd tvitlﬁﬂiamgn reauu\éﬁerzso OA‘%}Q%%%CICEISGCI thickness of the

C-ll-/méilis?’ élgygeg {r arre éarngag%)fusa p{éevoxf 8X{n%;at%m%ﬂ1e T eg flée rad1us of curvature, of the

arqahl%klh@sls oufhoweyer, thiater meghanioad isiekss 1111 aﬁquated. wohm@y trépeh 106, since the volume

of @féltﬂéﬂaﬁgklde r&re@t@@ ﬁlrtﬁmﬁkgﬁ }[l‘g’leﬁdaecﬁl e 'vgﬁlné S cfnﬁs[ﬁﬁm slﬁrcon of éhe substrate 101.
u n Gr eas | C e e er na oXi
The %?g’r'“‘ %51 E'FCFS I d’&‘f‘&fff‘j’é élm‘wrtﬂ e 3}618? PYider s | gnayphewever, negatively

affeq the dievigy, characgeristics hitadjagali cisuioélenpantsvfat exadple by plotheing dutte@ Samage in the

cr)lgﬁne éutuctﬁry e m‘%(l t:verﬁ m}’(@s\é Q&rhen ﬁlQ@{emﬁerJﬁEg Ql‘ﬂx@ah (&?Jl SAItchgtﬁléd out during the

Is created Wt , Sl nce
ﬁ@%tflﬂﬂtl%ﬂ% BFial DepirrE trecieééfthéﬂo Prmidiecergipe e Fg6red ceere of rounding of
theeax@© 808 ind theamoot dhR ceplablt Mecharivabstese A1 1Sdrdate By thOthernl®xide layer 110. Since
a pSfLEQ%I Jf @itff"rﬁl‘i][ Q%du ﬁl-ggﬁtjslﬁ\? aandéf)?;e?e t s%nﬁs{tl%zfto %Slred q q’lefayand compressive
StrPFé\ﬂ@v@srlally rferjufpgiyed §p amgfnfegrgied wh@ltd@m@éatl@h fenghes 0f gepresent a targeted

cofpromisy iﬁﬁﬁd'}hosﬁdeﬁs&is}é iypeﬁif@ﬁﬁfﬂt:l&nenfsor exanpl e by producing
| ne St

le\a/lter,]l:l 1 uhecl Ig scgl;H Iga% V\%‘Ilé rs]hoHVS thﬁ s% é%cﬂlftgli trlgcturg gaggrrtgey&rﬁ(gvgl og?%ess material of
thecoxide jlayer 1621by dlgmlcﬁignepmwal foolishihgx¢CMIRN Theatbicknessrof ths siligen nitride layer 103,
actﬂ@@g gtop @top Rydr, rl@idﬁ) eruEedhlaﬁlgtt}Q e H&Q% \K/l%%f 6 1Higaltﬂh<§<ness of the silicon

eqgre
wifeareh S0t SF o8 b P AU E A AT Q8 G e e e A tgss e e
sulfytrat¢ $weface.h 8ybprghenthy ithd eesidegy glicof Aiide Biyerd @3 and tipteaficatht dxideddyer 102 may be
reffidvEd Waﬁﬁ(gprl% behdmi&l &Jﬁ%mcgssers] @1\“ 4 di fferent

sen it1vi to undesjred electric fjelds and )
P 88¥ /e Pralgmsgsultipet s ads olribrferminie ey aima! fridgayer 110 that has to
beltﬁﬂbl@g toaspetiic circuitielenents, ﬂteNOIuEDﬂhaéfDIe rbethighiyclaghabld @6provide a technique for the
foﬁn%e(ﬁ%ﬁch%oﬁaﬁ&g es GRIPS %%éhglr degég opﬂgxtlblhty in adapting the trench

sensitive circuit elenents. Figure
lsoéaeﬂﬁﬁﬁfﬂe‘é%‘lquﬁu“‘sﬁl?ﬁﬁg t he sem conduct or structure 100
after the renoval of HICEGSURBOEIVENTION 15 the oxide

| ay ne]reglg 19%/ prg{%lgq;lévgrﬁion gedﬁ'pc?elaltgz g ec}f%%lé %B fgvglvgs%%twely H)rmmg a thermal

thlc nes Icon nitride
lingy oifigronsaxidigailegifyrsy surfpegs efjagrgnch alg@sdn el onaRy Moredr G@Wucmres ar e covered by
an mk}igerﬁ‘ﬁﬁ’uswm&l‘lﬁl i the H@mi o inbd-diZblé 6da/ve 5508 cohdiMing hllaﬂeﬁdl) Rvherein one or
more otﬁer ger{ JP]une:r eél' roegel\lfesa tﬁ'el ‘i%‘rf{}ée?g’ﬁ‘ S 1?11S Sé)e(i%e%q alct(::k%aigst%s?l% rXasklng of certain
treaqhtsmrc@res FahBe ?ameé ostun f a&@zethatsmésst@qw@ ot thgre diffppent rheguoaléathlclmesses and

thu inkd 6 brd differdnel &g}e@sy(ﬁ’ lcoradd 301ﬁéﬂﬁjg 400 B RhiL AR Etreb N & 193¢ it @haracteristics of the

IO ate wet chemical
res@?%lﬁa lsﬁﬂég%lesgg%g C ke taﬁ%&‘ﬁﬁ‘)re% E%Ifc'sﬁ ¥t the probl ens
r es uictardigg foraeniltustentive endbedimerft of thefpoasent iinyertiibig at thetfrodwlf forming a trench
isoPibrI@rudt@Y gtgmp}lgég f$r91§1tg a%ﬁal%pof tgﬁchta@inl aoguﬁs%atte g.n@ Eb%&inE lafleast one of the

circuit el enents, It her ef ore,
I of ches ¥R 3rop¥BeRdiisiop SeHstilere Aftemd! ﬁ?@de if %f}%ﬁtaflw Gpmegkon oxidizable

inrfer rfgh porg@b af dner mire btthdplesitpdfiteirhal Whilweovering iagfbe one of the plurality of
A8ArE8 195k kd 'mllt jafkr@dapting the trench
trel sol atltonx)% ) e l agrefg%(r:l rcuit elenment. DI SCLOSURE OF
| VENPrariipets a{%]i*fé rﬂ&lﬁtrayve badipens B e Preprpieiftdniey. p gethod of controlling the
deﬁeel‘ &Cdoger ioﬁndalgt cﬂ'CahﬁénﬁlU Solhtidatstridhi® inVESenS%&iﬁfof ¥&cY comprises thermally
ox1d1%§1$‘gl é’%oél? %ft 1nn%r %ug}lices (hfl aq}t?st 1sc9xtlon ge Qﬁ{?ehl %r? Bsu?atm maﬁerlal while covering a
Seepli*del??éﬂﬁmsfterl@é'tﬂeﬁ Wit tb?rl@su@@z@la@dal wh a %mnf@)@y‘g@gﬁn d!fﬁlﬁQ]leﬂ@lPF layer.
barrier in the form of non-oxidi zabl e and/ or
oxygen-consum ng material, whérein one or nore other
trench structures receive a thernmal liner oxide with a
speci fied thickness. The nmasking of certain trench
structures may be carried out in a way that leads to
tmn or nore dlfferent l'iner OXIde thlcknesses and_SO

o . 11" a o Y 4
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plurality of trenches wth an oxygen diffusion barrier
| ayer. A thermal oxide is selectively fornmed on
woxbdiosetake 35 i nner surface portions of one oPCHmIS2006/035344
the plurality of trenches while covering at |east one
of the plurality of trenches with the oxygen
di f 18 s"F°6h’a‘15%1P”tﬂi‘ é‘?’f apoflies illustpesiveoprghodigent 9f & Proseaf invention, a trench isolation
strindtdr) gt & &trlﬁctdlﬁlu&difhﬁdbd’fﬁﬂ{pnﬁﬁ atphﬁth@r(ﬁ&@l&hesl MR tid QEbmuﬁnductlve material,

whg%{nheggl tpeilc Entléﬂgll %olrrﬂ:gs %ott de It’n%res of I%S%[apm&:)lﬁ t,;ltp Bﬂ‘é’d in each of the

renc ons ructure 1n a sem
treprbes Wherdibhiafirsse suvaee aithe yoperorinets of ah ipash oetdf Gragrehes differs from that of

oné&ﬁﬁfe&"tlﬁfe&ﬁ@ﬁtrdﬁéhes’i first isolation trench filled with

an ihsul.atj al. while covering a . 40 second

i sol ‘&f{ R P { ragnc ﬁ{uftfag‘ff be’%mf‘ttrea ﬁreﬁgh'ls‘gttt"h §UYBCefompises two or more
diffgrenttyres efdwlatidni tohchbs, wheygresacittyfefhasd spevifiodithickiess df ayherinal oxdle layer formed
at m%@@@%%gégeni) g&wgg%ap;}ﬁ%%mhﬂhé&?oﬁ"ﬁjeasggc%ieyimthtuﬁlnesses differ from

%ﬁet another illustrative enbodi nent of resen
a0t i on. a trench isolation structure in a

sem conduct or d eRRIEF DESCRIFHOS GF THEDRAWINGSf trenches

for nﬁg mlvaltlgh rﬁa@rﬂe %9&%%%5 \)}y I%fegﬁ%aq e Ifdllowmg ggsgl‘}p{}%lﬁt%&:g in conjunction with

trench has upper corners
thejaFOTPRY MG HRES B Phifh likg r@ﬁftrfaneelmerﬁls é‘%lﬁ’ gk elprpats, and in which:
t r ermmidhes la-vhehdiatically Kl Mﬁss-&fctldﬁhlrW@sIs W e serhicbrdafctdd RRE¥ure containing a

h differs from
corﬁlgx{tﬂﬁa'i Eol&[g @éncll cﬁlﬁﬁ%mag(r)]ues n%mifc c!t]xre ge Sag nﬁ a|es

ne r trenches.
Ac c @F%H °h g %go“}i?n*ﬁttfﬁltwé?w Plossiectipnat Yigrs of abiselitior structuge having two different
typed” ©N Gdnch Silafibds OWithS tiift@h%ﬁtl&r Bofd MR Frha$ BRidd WReR! in MREdedance with illustrative

em?(Ldfmfle%Leﬂﬁeapr%Qn efnt %I ation trenches, wherein each

SRE B P ckness of a thernal oxide
| ay @rguﬁbﬁar@dchemtwdh shovt erpss-agstongletions @fiamisgation stonidig indag a plurality of

1soﬁﬁ&netfdnéﬂes g AR idRddshedi®Qdny HGn SRESH t)h@éjm accordance with still other

i.cknesses differ from,k each other. 10 BRI
ﬂhﬁ EF@I“‘E &tgeﬁ’—ﬁewwlﬂh‘s The invention may be
undéyhile ofbd iyyntioaf ier @rreibteotd Neioho Inlodificatignsd esiC niteptaii@n forms, - specific
emtxﬂhﬁeﬂts t}ﬁrem&}e WEALshdHR bW\&Ia@of e&iﬂﬁﬂe%ﬁg M%/ aﬂ?argﬁe%m A8 Fibed in detail. Tt

I d
sl oo el i P gt e YA G SuRUIER aphyended o i

invegrhiontocthe paticglac fo_rms_ncatclddddem 00 ftheacoStenry, ﬁﬁﬁﬁihtﬁib@ s to cover all modifications,
eqtﬁJafeth taHd Qteﬁlgtﬂltesafaf]ﬁl@?uﬁn tHe %ﬁy ?Ql'tlls ogglof t%% gt}_(&lu)lp Qs EI%H% the appended

during various manufacturihg stages Igures Y
CIa@Ehenatlcally show cross-sectional views of an

i sol ati on str (MODES) FOR CABRYYNG deImmenNtVENtrmes of

tre Ii‘lﬁlgratlé\‘e%ngsdu%? oWhE Dlve?lhgnf a%rc%m{ {)e\é bgl V\ﬂ the &gg? of cie)igty,dPt all features

| ayers 1 n accord Farrve erno
of i“h@“‘ﬁlrlé‘Q]é‘t’ﬁntaFl?i\/@hfl?S@tPed s Fpegifipation. 3k -walk oSeohmserbe appwbibtyd that in the

devslaghiént 6f06H$ &8 GEthad @ﬁbod‘iﬁleﬁﬂ/\ﬁurﬁ&oua ﬂnﬂleiﬁhtﬁtoh—@ﬁkcﬁtz rdéb%foﬂt{ fAust be made to

achﬂ@ev t'hﬂ@evgc()}{grslc’}srgeamﬂc géal% fsueclrl 8an[oin§1t1ala?%r% S)fspiglrrﬁﬁtfd 5613 %H;gleqs Ir]elated constraints,
whla]myl(ljrvata e opd ifnhlemyenitatipn gtahatrer. M@redvhr it wilk tatappreviated that such a development
eff(EﬂTfﬂ@ﬁ}tl lﬁ&ﬂﬁt}:ﬂexozfnd ttlhl@-c&{sﬁt%ﬁg tyud v%ﬁﬁ%bé?tﬂelesy\bé b Goulif¥Cundertaking for those of

n to various nodifications an
Ordmwg(nlhlﬁgte\%ﬁﬁ‘v ﬁ’t?%g?%té’é idgclosmiehodi ment s t her eof have
beeithesprepemt iyntinm yilbfiove kadgsdribed wittt fferetdcavitiRgmtadhertifigures. Although the
variaﬁ‘srr@glcﬁls glﬁss%dhpé%f h Qeng&'ﬁ@dc or delwtc are H%ﬂ: eq Tup%e HIQQ?A%S ats (ﬁgﬁjﬂg Very precise,

however, that the eSCI‘I(StI on er elrn o
shagp Lo gHTAeRt d |p§’ﬁ]r?6tth°Fen§tkélﬁ Bdhe3y recpgpize thah dn retlttw thateiregipng and structures

are hdtes ypeisk hsCinti@ted fnakiatBavigs. CAdllﬁBﬁ’ally,blLétrel@tﬂe §iRt8 oo WaFidls Yeatures and doped
reg%ﬁ%eﬁt&gﬁﬂttﬂe%pavd g I;n?y X é{(g ergt]eé or, re<1d Fed as %mpglﬁg o tﬁ?}mze of those features or

equi val ent s, erna trves fa
reglgltﬂ i tabréfﬁad §“(Y6E§e Ypverthpdess, ﬁveqtpqh@hdraxsm@em frsliddgytotdessribe and explain
appended clains. MODE(S) FOR CARRYI NG QUT THE
I NVENTION Il lustrative enbodi4ents of the invention
are described below. In the interest of clarity, not
all features of an actual inplenentation are
described in this specification. It will of course be
appreC|ated that in the 30 developnent of any such

. - r
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achi eve the devel opers' specific goals, such as

conpliance with systemrel ated and busi ness-rel at ed
woansHoeei4nt s, which will vary from one i npl enearaS2@B/035344

to another. Mreover, it wll be appreciated that such

a devel opnent effort m ght be conpl ex and
illysiratige examBlerrAt g, Praseit oygstiond The vierds led riwpsesyeeddierein shquiebe understood and

mtbtﬁéﬁd foaiﬁtrerhgléd‘aﬁlﬁg tohme]?t With theOt[ndd:rﬁﬂlHMg ihds whrlls 4B @hraded by those skilled in
en {..0 cl osu

t .
the e evan IN% W‘pe[c aFEeﬁmtl%n 0 rlerm or adse,\M t ﬁ%?fgt%lg? -%Lﬁt 01%91 cf%%l{% %8111 the ordinary

I nventi1 on escri
anh eustarfre dhedning @s engerstaddt by dhogshskilladin thezerti io ingended ¢ esrimplied &ty consistent usage

of B i lobIpiRse B FRHd m&u&%%@wﬁg@m%&d&%h&t@ejpetltt meaning, i.e., a
n Vi ng. ver
e 5o LA S P ier S s Rl Rgaprgply st fort inthe

specgicaigminzalefinitmnal mamer they Hirdeily, antl ngg@vacglyipamiglesaieckpecial definition for the term
Orgﬁrgsyctures are not as precise as indicated in the
drawi ngs. Additionally, the relative sizes of the
var .%Us refeé“ﬁf%toe@g“é‘ﬁdzat?é’p@ﬂma‘?vég%“@?@m?ﬂ‘@p‘?fctt“’eﬁreteﬁt fapration will now be
deﬁﬁbi?d/lmgﬁe thesayl. heFlgmaggetemthu@dsr stn@ehttCIB0 caSprifed APDEREE 200 which may be
as %on%tlc%o? tra{e Q.h eﬁﬁcgﬁ ﬁ.)%stt%{e tﬁg 1J %91]8&& €. fglnthé %prﬁa{tlgna gtesemlconductor-

evl ces. e SS,
bajef) eirqyHy élamftntﬁ aerseétmpéfe thy ﬁ@steafep% rrﬁy comnwr@@@% cgelim grsenide, or various

typCof 1S2 Q0 3i-03R@B#dndudtdrd. USoFedtek, iRe ﬁ%ﬁﬁi@b@ﬁ iOfepreddfative of any appropriate

sulp{ﬁeﬁe %3 ug:iugevseap leasp lay (r)]fe sexalconq?ﬁmée matg e w 1Sch glrsc%gelemerntes Imay be formed. In

pattigaii they Sl@ﬁtq@?@t @m' remeteht Ah¥OL uﬁd@ﬁ%maﬂ@nhmgsﬂ@on layry dsecommonly provided
abdVe raﬁi ﬁts@iﬁﬁlg B}, ngﬁ)ﬁ:ﬁllythysﬂfct)}pﬁ@u& Kdylaxl @fkcH Balsd Ilaﬁrrédazl) 8MRRE oxide. Since the

termor.
o o A1 BIFGA={ s et Y B 91 By DR il st 201
wilt bsteberred tp agre silifon gubatsatey mbieh Strpoghosxpeshie @ arsdididingcimbiant silicon dioxide.

ThE Rénigdnliuctol Strdefite€1d0 %’th%lo c&ﬁ)rléemﬂl tfeﬁ&ll 1@61at1919 @tﬁtct%;ee% Hﬁlagﬁl the present

f. the t %r B rase herein he extent fhat
oxirgfih BPOBHT LTS 1 PR SBEH e8P G SR S fita g dimensions i
acgordgnce véth destganequgenentaelt thhnad be hapteciatad] dristho achclpy 26da] Rd6Banay typically
re@s&dt ﬁﬁﬁtﬁm tr§nléﬂ€§] at‘%e@ Hﬁﬁfe@tl aregsle ltﬂa 's&b'stpalﬂe 26’1 ln] as%th?é@iﬁlal% §tlo¥fn in Figure 2a,

forth int SeC| jcation 1nh a ef|n|t|0na
m%%’t?é‘tm qlagion EI?HFI??& e %Fd SRk ey Pement @%@d@ﬁr@é@e‘t‘lh én oxide layer 202
is fopead islve Hlefubdiiate ROINfolilcdved bhefuttier divleddic 15901283 Bavinf\liafacteristics that allow the

I r
laférejog rtoes%cfe zéssagtr(])F Ila?ér‘{' \}lgazsulg%ﬂ.% Cil\}f.lJ r(g:\%tsbzﬁe I%g 2§es Cg !&E@%&nﬁle be comprised
of f’tb% mafét: aft fayer|ofa dipleptriceoxidle matgriad &9 ixformed ehot theleyen 8435 as to substantially
codflfelg ANk inSiRBes 20GUPBD.I Ahetreddhds 2064) 204b HaRYupP® corfer areas indicated by 208a,
Zoghg%%agg ctor substrate, such as a silicon substrate,
\ppropriate for the formation of
s eniRegnitinect trcal pragsescflopi fercfoiningdhessmmiqenguctdr siruckisesd¥p peshown in Figure 2a,

suﬁlﬁlepr&id:ﬁ&trﬁaﬁB@exﬁﬁl}%&%)ﬂr&@}‘mﬁﬂaﬁ@ Vgﬁrréf&EHcMmF 1@@& bd-1Mn the case where the

subssézﬁrﬁ '{Cbcl) rl]S %re{)rsﬁ,e%t%rrl k;gl::]sgl%;g%t%/ Qhe%rﬁlécgeg &b)@t %Oglf lgayzeﬁtfnq %own to and possibly into the
buriedprids byer &t shewdf Aferyheglopnsiipr ofdltealielesib Byer 80% int dna embodiment, a thermal

trehti6rt Hl%e& c@ttmecl &@ﬁtan ﬁtellt @Mﬁgnt Qd‘ntaﬁl m@‘ MW hM@geﬁ@Jd% h@!)n and the like, to
I I Cul el enen

ceish PP GPsfe PR 20t BB 0 iy T CEBAY T, gy rom approvimatly

70®ummﬂrate in which a silicon Iayer IS connnnly
pr O\ﬁ q s%ﬁ’e%ét?caff‘y shloasS Hlle asgml (gducf%y trtfcture ciJvel1 llc?y agriﬁcial mask layer 221
silicon o FS6 Feferted to

actig gy ‘é’cPXtS@F digusicg; hq@er atnﬁ @)ﬂntﬂe@/@r armrt@n f the winclj imalesign éttuetire 220 such that

thleeﬁthLU&aSs afv@em@rthe‘ Ak hh!;/@ d20nrie tﬁﬁskh@%t ﬁl Qtay 8d éotngﬁaad of dhon-oxidizable
erred

el oG iof R SR IHCT PP G i e o ot § s gTecont e
laya‘rwvhglx p)d)pg:ﬂ Wnamﬁ;zg.tam‘gtpﬂt 28Dt etdvateditebgperatuiee For example, the mask layer 221

sem conductor structure 200 further conprises a trench

i solation structure 220, whicli-in the present 20

exanple is represented by a first trench 206a and a

second trench 206b, which may differ in their

di mensions in accordance with design requirenents. It

should be appreC|ated that the trenches 206a 206b may

e - o, .
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208b, respectively. Regarding a typical process flow

for formng the sem conductor structure 200 as shown
wonoHEigwse 2a, 30 simlar processes may be enpCogsenoas3s3d4

al ready explained with reference to Figures la-1c. In

the case where the substrate 201 is to represent an
magpy cogpst phlison ritde. tAngterfeRomige Aaten & fovgips thy favkdaydioirh may include
silitéh oaylﬁtnmsmw yn d ﬂftl&r {llngrative emb&iEenix thdﬁhall:ka;sef 22 rigl,)@bstannany comprised
ectric la

¢sho n o
irbg(\l\ﬂqgable materlal ITBCh Oa,s 25;1:110011 w?ﬁlé ?ufbst‘mtlgl{y COTSUIMES tl%e org%%/en enetratmg the mask

laygra?)(2|1,| thegeby gqbstprﬁlalg/rpvplﬁgg the diffdiqaref ogEent 1afp ﬁhenlgderlylgg trench isolation structure

22@X@m1uelmeﬁ|o§‘ the gﬁﬂ( lwtdéﬂr if QBIQ;QBedanQn 'bﬁ@izdble'ﬁﬁatenﬁlo is then selected so as to
t he r at ure

SEREEPhIPITE “DFE AT W LGS PO S DCHHR gt 4g. e te
oxid@on hroGECf apluglityef Q@e@dyhenﬂk undeadtdod, ag lappaepribth thickness of the mask layer 221

nm?ggg&@p@gg&ﬁ&h§&ﬁgggure 200 with a sacrificial mask
ayer acti as an oxygen diffusion barrier and

for edBRg B patt BH ofl NS tF ORIl sEppiure 220, well-cstablished
phcﬁdilithd)glhlbhy&m&&al sthalquds hay be elgofet, eneRin2bbatetBiqoa \vey @il clitital, since the
latérh%u%ﬁ o@%[h%rmaglg erw?n@%}r%é la?%ﬁ% aszgté' nJéH%X 29@21 is SI%bstantlally completely

|se OXIdIZ
COW @nd the trensly 2068 dbwbstantially entijeln (e B%ylg é‘t‘t eamat foghe oxidizing ambient
2123rad1£eaﬁa1 ehtidef 1%+ D10b topmsadh oaﬁjzélﬁeelﬁﬁer FiRfa@poAibns4D the @YRh 20dB&Ad leads to an

mcfeasp &) roundt &?egnan %)c(:tegseg radlgsI oafrcgrv agglz axi%atls 2‘8!5 'J%tti%gocqgs %meters such as

te@@@meoﬁ.w% ORYEFH w@@ammm hkpayl %@blchmqathr« Sxidizipg ambient 212 may be

adjﬁétédl t€ Olaif) F] taqute thmm@t H8J th@PPreQiied adoRe Uﬁ&oﬁ{eir @tmdtng fat the areas 208b such
t he .

nc
tha ) )%ril ?ﬁntb?llata)g V\tl amom? %’ ?’P é‘zo]a(é]rztnﬁﬁ? tjie{xﬁlh :}g?br gi YV\} be descrlbed with reference to
FigareiZoch firehdegree plecorvarstkuriding éracived. i $inog tiisercantit fai| off shermal oxide in silicon is

weft Qﬁﬂ%ﬂ tﬁ@fﬂlcklﬁgs @ﬁldQHé &hﬁﬁ@lﬂﬁmﬁtﬁé‘ drdk 2088 lﬁﬁlj" bcal%adlly controlled by selecting
con, substagﬁ he oxy

BBl o R e Rt S So3GERaT B e SOaAL S Eepre, oxvgen
corgrenriighinygestuneeand itf fikes are pet. ofor esjqaductbrhaterialb etherrtiche siligonthe growth rate for

as{»eﬁ:ﬁ&%}uéu%@ngiﬂeGéterﬁﬁn(edl&le%eﬁmght220 The thickness of the
| ayer ggrlse of an oxidi zahl e

et 18126 sphempiigaly SbesdRt teRicguucier SrpPe A idify sperifpial mesk layer 221
renpvel diht seﬁwghﬂordtrﬁdtuusloo il eatphisédtg a fulnber @Kitlizin@arBH4aOEIA te@prbddice a thermal
oxﬁp la%h %Jl th@ cﬁ %6'& %c [ﬁl%ng cfrﬁre%%t}% the clggsts g tﬂgrglg’l%%%e layer 210b

ura teria er st oo
Wltélﬁ ﬁteo‘ﬁnﬂa%%bt rﬁs c“l?ﬁ% ghovpfthy Precefﬁa@r@ntefags él.sedzdzmng ?iiagﬁm,géhe semiconductor
strifc@Ctiob Yo tHeb:adiiigebiehtN2 1adma ReGeledidd shabriid the thbiRl ¢XRB Hayer 210a meets the

re%\g&%ﬂr%ﬁt ?Ehg?}l}lcg{] elgrne%i%fat%ﬁ ereI s[‘tf thg)}écl?xgxg §S/tm; ﬁe df al'ir\g ﬁnzlounf of mechanical stress
is qresteH vy g é@%ym@fela)@h@)ﬁéy@de atyfhreyerp Hme A ee;q@reti didkrihagnd oxide layer 210b
leady 18 af}&ﬁlceﬁrﬂefdl sﬁ‘éh%t.h d5d RGRe fbteused r@dl@r&kurmmh@ﬁ&s QiﬁSbt ﬁ@r example, a

thlcs% fJ él}]e%/ L?Gcn?z‘% ox1der{a ? ] v%e a%\l/s ?éastlét%l%gsta E{tr etr?tgﬁg ap%ra)grsately 1-30 nm,
whprgas saublslmem tof ﬁvle Itlyrr@h pideclhyer @30p o dxceddithat 9§ the lfermek podrulaer 210a by a
preﬁﬁ'm@&ﬁno@ﬂ@'tﬂt Fabyich dﬁméoe@t corréspendingly Ll fidyBhe ﬂ?&eg %ar%ﬁéf&g of the oxidizing
m% forns on oxi abl'e inner surface portions of
ampiek At 206b and | eads to an increased rounding, i.e

an iFiporee2ds echemaidallysshofs @ufuvtbdr villesirativt  dnbedi@ene aghe 208 btartmg from the
sen;r gb%du@fop &ﬁ&&e Red Q@E&w@lrﬂ? Fi gﬁ-y QP a@na&%l}«ﬁ%?ﬁ@gﬂ’l{oeﬂ heat treatment in an inert

dur at i on, Xygen concen ration an
amBlgl’tt 51 Oi’ﬂg]iﬂnﬁ @mlflﬂlé 2 ]élxxf; Eﬁtaﬂlsﬁai tg ﬁt?iv]éﬁ fubgzllzal]yﬂgcm‘gél thermal oxide layers 210a,
21@dyitit el tehalM06d, 206b. I Bk re@gbsihd) ite kapiscmdae strichikeS200a0 the oxidizing

amfnglg Eiﬁ{ ﬁ% dgﬁaﬁce &1£ «.%%b?I %E §18H&a%o&% b%tdentm d1ed 10 tl%?a Precegigg heat treatment

mag, k? %Fis%?tﬁ@ atcﬁ@t“tnrthqﬁ@ﬁm%dﬁﬁlgmﬁ@nw %hPrteb@ &ésnrpqets@drawtfrh of the oxidizing
reference to Figure 2c, a final degree of corner
roundi ng i s achi eved. Si nce td#e grom h rate of thermal
oxide in silicon is well known, the thickness of and
the corner rounding at the areas 208b may be readily
controll ed by selecting 20 the duration of the
OX|d|zat|on once the structural characteristics of

' T NN N . N
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25 oxide layer 21 Ga within the trench 206a, while

further increasing the thickness of the thernal oxide
woOayarePisCb within the trench 206b. As not ed RODAWS2003/035344

t he process paraneters used during exposing the

sem conductor structure 200 to the oxidizing anbients
ambipgt 219 arg selpcted such et @ frickprsnofithpatherppleoxidp iy erell Obp Rijdctlns a degree of comner
rodnai)ig bf tBd Bk8as PO, Sonidi@ to Fhe GpHcifiedTErthiS elf@dnt foR Binle€ lddljﬁcent to the isolation
tmm%g&%nt rel ated therewith. For exanple, nerely a | ow

amount of mechanical stress is created by the thermal

oxi diégureadpesehemat@elly syis|tee sgmicorquctes simesturd 308 afferrtheyiginratioh of the sacrificial

noﬁ B}h&ib’&bl‘é hﬂi&l{rﬁker@ﬁ.l ARt bAYS the2ddibh 2ddb) @lﬁgsexﬁtﬁmé HeOFtHGHESD6a to a further

streng e fto th reased ra
o e 0 PR St P A B it s s it are
of erfnet fpgndirig @’rthqadreaoxqsd & obtaiyal P ﬂﬂsﬁlallymly sdyeenesctheystie Bligdres 24 and 2e is timely

mv@md%ﬂ@s%anehc@ sholR i IRRES 204na 3PPT Oxi mat el y 1-30 nm
wher eas t hi ckness of the thermal oxide |ayer 210b

may Figege @é Sphemiifally shovhe Sepicpndugtor Sikyetree 309 {peaeoordpprg Wilya frther illustrative
empdikaf off iOpresaid iiventibh aThersyicdhducad sttistn@Rd0b Yomprises the same components and

pal‘?s%lé El?eﬁc@gﬂ%%% a/esc?Tlgéqu Flk\gg%},& E&%g}? E)?ﬁlg ﬁ‘gle L&E ﬁaﬁosp Thf semiconductor

oxidl zi n

Sﬂ@ﬁm@oas Wﬂswé thejoxifligiag prapiqui 4 éi’ﬁ)‘bﬂﬁh?fé‘ﬁltoxﬂh By 302, 210b of sbstantially
idesfiicar dharfgribticO e Fdfed VM IRARAAES 2062, 366bU Thill ﬁﬁroa@lQna@%e selected if concerns
ex%tl'} eﬁw%%ng nhe pla%elajr{le%t 02&1‘1&3 1e|:1ec§1rc r(])%tdelz }r/rgelr %Oé) {not asﬁovg'nglg g’tlglzur%% d?recaly on a crystal
lattipaidhag Py Qeldpma@dégmmdms Hisplantagiony stepy mérhous entysth%smluoam {euring” and oxide
ders@Rdtoh. Cﬁbseﬁﬁéﬁt{ME diOdisteoxld8 h9d 202h8Be depd Ll soMstdMilNihd R&iches 2062 and
20grenches 206a, 206b. During exposing the sem conduct or

P ructure 200 to the oxi di zing anbient 214, the

di elFégwter2g achendtidaily slayve the S@fcondaytosstmaiire a}ﬁ)@@@rsdlegosibel of the dielectric oxide

y@i@ﬂ)ﬁ iahd @6 f3Ratiof) 8¢ th@sa@xrlfﬁ:ﬁ? RhdR g, 1 cB\reﬁl?gt HE ﬁlénclf"gmtgaﬁ‘hep&mlconductor
rat)] on | can

u
st R raouiie B DEEEE sk b e RO STy e s peesed 03
requRdZDY 416k Q 4l tRET fUGRQURA 0B heB ddndirgndfittenteas?Dda. dt should be noted that the
pro%&g %&&ﬁe@erss&fctne B)H(ﬁ; mgaarﬁtﬂyngflqe@% ?fo)trBIa? btellgluml S % I’cé:l a)taln the required

| ayer, 210b, and ree of carner _roun
chqrzﬁ rlglf:%&fsth% 6’8}6’121] %ﬁl?f ]6¥eﬁ12% 1H1@ut§'5% MFre%ldgﬁ?%mf tthe trench 206b, or an
additicpnigmatk hay Hedored ﬁedteﬁdjvaly,eiﬁtoxiﬁﬂloﬁ ktep m§Meahriahout ity mask after
the%gﬁpltlon’: Jrild rdglegtﬁ &?J% ?%ﬁ'bb? Q)l Js Yo a%lﬂ%&&ﬁue%%ﬂgr&% g%s otf %e thermal oxide
structure e formati on esacrl
layey 240 - Gt 154 ip ameeapnleegt!@nqa dyeay bo pdvantaggeus dorravids 1 lﬁ’ét“teb’éhe ghermal oxide
lay2(2G s, 2108 vtithin @hepREdhEP0EA) 20dbraGd b 2O&EA tHe Qietcthit! bAidtShyer 209 and complete

theQﬁklggs‘? LfEe ﬁlg@rl prgde %ayﬁr]_?da—llaq %Sa?ccorclgnce w1’c|h§k ﬂi?eslmrr grocelzgs thereby substantially

OoXl I NCrease unt
avaigirecheapeg lf&é@eé@“l@? drawheske Pf thayiptedingr pracest he ar eas 208a
IS omthabiette tolidurs BR&, hl)‘ther 1REiraB RSB A RenSHP WO pifeﬂant invention will now be

A e B G b LR,
presenbeysmplh & repeqydnted gl thotegsolagion m@ﬂm 806201064, 130Gcwhinhcheentorned in a substrate
30M Tk RAmbéirok Beehds lid iﬂﬁrﬁt% IoM1§ andBe RORRAI HERLe 950 leg'ecomprlse an arbitrary

@6 $nt invention, he sem conductor structure

uRRSHBY PUBER repshes émbare ShisERE fHEreghpes 9 piown geideglpyesy fyp oxide layer 302
follohaitry agodiaybe $@r dnth e dielertrid-ogderleye 219 apXaepd oveDthe kubsrate 301. Moreover, a
sacgh&ll ﬁﬁgkrléﬁr ﬁ)f IIS%I‘JGQX\%F thg Ql%ECtI‘TMId% %@J%@@ gouagt n{;)ver the trfxic es 306a, 306b

structure 1S eXx oxX1 dil Z1 ng
and;gxpose Hig ﬁf%éﬁ?ﬁﬁi Regardi t‘leaty@rg mztf@aé of thq @aélogpf components of the semiconductor
strustufes30@ Bt wedllab ¥ proéesheiviv fordfbrnifgakicaatichird Stshdwm naF@ur@ Od; (@ 6ame criteria apply
as We{i@@&ntﬁya‘g Mﬂ?{lﬁeﬂﬁ& tglg %és 1%(16 Qnd ?{F nThep nrngo uctomc?.lre 3]QO is exposed

concer ns reg ar acefnen
to qniqeidigngdughiont3 12 togtaig e thlerayqudz @W 8 Hlﬁththlh dwtrendm 3(pgur e
2f) directly on a crystal 15 lattice that may be
damaged by preceding i nplantafi on steps w thout any
thermal oxide "curing" and oxide densification.
Subsequently, the dielectric oxide |ayer 209 may be
deposited so as to fill the trenches 206a and 206b.
Flgure 29 schenatlcally shoms the sen1conductor

o NN N Y e . o a1 . o L
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process paraneters of the oxidizing anbient 214

(Figure 2f) nmay be selected so as to obtain the
woeouioeeds characteristics of the thernmal oxi deCcragers/035344

210b wi thout any further oxidization of the trench

206b, or an additional mask may be forned or,

al t Jrigiar IbkAvy the spmieoRugiar srgsure é@pmﬁﬁlv straificia] magkdgyepip removed and with
a s\é‘dohch@xbﬁﬁcﬁrhyasmg‘adf 32af thred dlr th@ructep 9&1 sb laQtB efposetilit@renches 306b, 306¢ while
coger q%&;c trrcalc %a Flag eeslrtr?lls © %(ﬁ)ogex%?sﬁg §ot SF rrlezl gr}l)il?qe 9 le4] tg‘ >t;0é’1}1 a thermal oxide
133’21190 Bb wittiisthe tregch 306p vadlprincragsink b thiskpeesres the thermalenidp tayer 310c.

adv afl'iﬁaﬁ? TR 352 %1895' |y étld.&m@ 3@t5(ﬁ\|v1§1tthéét€eh%ﬁest Fobd) 36éﬁefoaaéxposed to an oxidizing
(A e r
“’gﬁﬁ%ﬁﬂé ta%réﬁ Ia(tleg " V\Qéac\f’ %Q?ngbgq% Zlﬁ E‘ﬁgﬁs‘gﬁ ﬁ‘le thickness of the

thea:romokléet Byers 316b, 3ihicc Ragastingahe selagioh hﬁhmbceamadmabxaﬁs tthe various oxidizing

am%tl:lqp 3'11‘ 334,CA5k dﬁ@ gﬁnev\@rlteha %ppl}l' Qst ﬁrexh&u@l? rex 184 (‘v@ﬁ;lsreference to the preceding
t her eby substantiall % avol d the’ above- i denti fied
0

1111ﬁ6§1§e ﬁ?l@dlallelgﬁl\/d\é?f%ger © %eﬁ@naqs]g{v‘@ 11} Fighags: Baﬁ? BRRE énve@é so that the trenches
3084, BBy Hloe hre nduxlly annfabkgdl brdiSecdiie 3 Gubsthrtibityhigdntidal thetfblr &ide Weer. The initial

ox@gtcp)g gdagg%]pgrg’ce&ﬁ E{? pﬁeapnregtﬁxgl{t] tfor Idg}xgi? E‘an ﬂi@‘dteiactﬂp Xchi%q‘?yer 3§C6 65 is described

escri
cagigfypiopss@sntly, the e?ﬂslh 3Q63 ¢ msked rﬁFlsltr? éR)taEﬁ hergfigr. traplies $P6p, [$06b are masked

(Figit€ 32) 6 @Sl the Iemwd@rén&hrcemsesseﬁtﬂed cckmser iohx[dﬁ@ dt&ﬁ'a@isl 308k, 308b, 308c
I en

of he trefnlz'il 1tsole§10151:,> %‘Txcmtf:%g() nS/P eover, oz*ny toF glﬁ ghocess seguenfers stcrlbe w\i/tg reference to

er es |
Figyib go-arrestofio bf srerloxed Wik (stembodimemes dg2beskasth tispapee ts Bigeps 3a-3c. That is,

in SnfRi efnbétfindents] mJtH@ﬁil ofafle wepbfa&qum tmaeas@ Bﬁﬁbetfb@f{ed B td t@e deposmon of the

t
dleilieet(rzlg @b%yeé§8£¥ 6%8 éheqaggvywéng%(eréq,eg é?j@%gﬁﬁ dn gl'g\slilmg one or more of the
treehhed 3864, B46b, 396 nahy be applad t@@@l diffgent payelisadalier tranfhes.

S U b SAsr @kﬁll@gg- predVRY RRNRN enddles B8R GbrinbitioR | of kred?R %Klatllcﬁysﬁﬁcug’% ]w1th different
over the die]ectric, oxide Iaye&/PO9 SQ

e gb e S CHAS 115G CLRh SORIHY ERGSE BHE TolEReHsiad deposiion
me808cand Reepaitich phgtotitheraplyprechaifiuesmtpeavida kleaxfical dné mecharic@lidaracteristics of the

150‘1:&9%&1@; §Jh191I are Q&lﬁﬁmaﬁéﬂﬂcg %Qﬂqulateés&lrclﬂ?etléd{eﬁs 300 as well
as a_process flow for. formng the st ructure as. shown

in FTh@ pEeuks mbadEnens Aielestq doars e UpRyYe o ithegigypytion may be modified
anf priactic@in differewi bvbeqhiedlear amaas tppakitgiithess skifled|ie tha Al hadéng 21G. benefit of the

tea é%%% g lé)?.a}n fe tge EIL&Q tsé'l Etgpe %gofo}tﬁ a ol 91§)F ge &é@nﬁeﬁ il dlfferent order.

oxidi zi ng anbi ent ate a thernm
Furghegyporajing &‘Fﬁattoﬁsear% intspef) to3the details pf WtQ‘G‘EPA/OO @epigy Gerein s OWH other than as
dedfiHeld WSERO @1311n@ 35(3;44It is ﬁie@ﬂifeﬁevﬁiént&lﬁoths périt@laS@iPodiRt didcdEed above may be
altt?rgec{rgl\s éﬁﬁgiﬁe W SU(!‘}I vaéla gﬁsg %rrg g:ic:)?sg: re% i gi?’s k[heI acx e an%2 p]\,_g& Qf the invention.
Acp@tingly the \V@rectton eousltt hegin i pese3ith ig ghe glgims belfefs( p os e t h e

trenches 306b, 306c while covering the trench 306a.

The structure 300 is exposed to an oxidizing anbi ent

314 to forma thernal oxide |ayer 310b within the

trench 306b while increasing a thickness of the

thermal oxide |layer 310c. 5 Finally, Figure 3c shows

the structure 300 with the trenches 306a, 306b, 306¢c

exposed to an oxidizing ambient 315 to forma thernal

oxi de layer 310a within the trench 306a, while

i ncreasing the thickness of the thermal oxide |ayers

310b, 310c. Regarding the selection of the process

paraneters for the various oxidizing anbients 312,

314, 315, the sane criteria apply as previously

explained wth reference to the precedi ng

illustrative enbodi nents. Mreover, the sequence shown

in Figures 3a-3c nmay be inverted so that the trenches

10 306a, 306b, 306c are initially unmasked and receive

a substantially identical thesral oxide |ayer. The

initial oxidation may be preceded by a heat treatnent

for densification of the dielectric oxide |layer 309 as

is described earlier. Subsequently, the trench 306a

'S nasked (Flgure 3b) and thereafter trenches 306a

=1 o ~  \ I
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As a result, the present invention enables the
formation of trench isolation structures with

wdizbdsmeenas 20 types of thermally grown oxi de PCHmAIS3008/M35344
different isolation trenches by using well-established
deposition nethods and non-critical photolithography
techni ques to provide el ect?#®fS and nechani ca
chana ]?t erA: Ifidthoﬂ Sf fGrfmnIgh&‘rench &Glhtaih |sﬁr¢tuter mm&m;ﬁ,aomﬂlaisﬁg are
spegi fica circuit elenents.
The(%om1111 Blu'I)é apne%‘% ZbgAttz Sétréf‘%d above are

il lge\temar lpast ayp PYSA 0§w1tprhealw eﬁrchee witingnyoxygen diffiepion bastier layer 221; and

and smca&ery fsleﬂhgl anhe@lheﬁ baden bB qu@ﬂblb Yiddr SiHacd PRAHORY oF one 206B or more of
appar ent Qse i.lled rt havi

benef it é‘flgP‘f’rréhty Qgﬁ?g’éﬂﬁ“ﬁ ﬁ%"eﬁlégraé Het °r“—607r°6é géf'?%r Rlralifsyof trenches with

process stiepyeadiffufigriamiedper2lmay be perfornmed in a

different order. Furthernore, no limtations are

intended to the details of construction or desig

her & n sHowTethet Aleflaipply firer copprising dragsiting ag H’é“l@lnéll"‘ﬁ%r 209 over said
sublsteteqitior tb teldcvelyi@mib 0 thermaMixide totfilitshid plutatitg ofaefidhesc ul ar

enbodi ments di scl osed above may be altered or

modi fied and all such variations are considered within

t he 3scop&hamefhainf ipim b furthes sompiing remene sajslcxygerfliffigiop barrier layer 221
coJeﬂr% sﬁfdoztt a&ktl @8 tS0HPEA, Hed GefhailP 0dGizi6E bxidigbk NnneNsukA®@ portions of said

WO 2004/ 061945 PCT/ US2003/ 035344

pm&f%*«%??f%?ﬂm h2A%od of forming a trench isolation
structure, the nethod conprising: formng a plurality

Of t4r enches mefhr claﬁﬁf’ ﬁirtﬁer%orﬁ;}iﬁﬁré Feﬁfoﬁng ﬁﬂvrﬁﬁgeﬁ] @iffédion barrier layer 221

ond S0 AR SR BT P PGS Feond SR E e yiyo sty
prefrent fuithey oxide grewthah the xiderellPAfREd atnleaytxing irzraiy @SB aaveead by the second oxygen
diffMéd R&Rr BRF.L I ons of one 206B or nore of said

plurality of trenches while covering at | east one 206A

of said plurality of trenches with said oxygen

di f Susi ofhbarthodkepf ¢aymel; 2B, coRprisiigcfonmibtghotieroh] @didaiam dkjdizable inner
surf'aHer ﬁolptﬁ)ﬁs mréslt §dn§:g)f gﬁ@ﬂ@al‘it& thré’ﬁr:heé ﬁ%ﬁj It(ﬁsteieag'elil Mﬁ)g g%rmal oxide on

over said substrate prior to selectively forning a
oxifligrterigper SB‘S@CEI @W‘%‘s phispifl ong gf HorpPiFrig Pliura&rty gftreptheches. 3.
The method of claim1, further conprrsrng reanrng

sai % oxygfgg mg{hgc{ Utsﬁﬁrg b rﬁléreor m rforﬁ%% e I‘&&g oﬁadxghzable inner

at least one trenc I'zIng
surfyeq pArtoRh Platilppserme gf rae@déurpiw 21 %fﬁgh%ﬁﬂes aglegtivefyr farpting g thprmal oxide on
oxiGigabRigEr siffe8 pditicdd6Aaid dife ofmord biRaidPluRRE oDfendhbsi M 1,

further conprising renoving said oxygen diffusion

barrier layer 221 and covering at |east one of said

one 7or nohe methedhehdamvl fisthey compiising feranineoxihermglatyide ogexidizable inner

surfade)iRFtiohsof SaiSrany J)f@rlerlrc}{es aﬁH ﬁlﬁ%@ﬁld prfatith f treRhb At AIRWERC oxide material
east one \

2068
prigdy PRt Re SebaabTntyBne Sy POECOR BuPal ey
20 5. The nethod of claim1, further conprising

forging & h$ m@cﬁ(ﬂﬁ)’f cIR 7dﬁ1rtﬁ€'3 c&ﬂﬂrﬁhgﬁm& d tﬂé}ﬁﬁl ox1§éje[f3‘eﬁ1§1§ng said plurality
ortions . of éET ome of ‘sai.d. pl.ural

of fREhR AR /9 Salrcﬂrfay REpRE P§)def%‘?1msﬂ€; ot o B ﬂfefP‘d Bty of trenches.

on oxidizable inner surface portions of said one or

mor @ of SI‘ﬂé ﬁ{etﬂddl'{)rf gllaﬁntﬁl ftﬁjttlertc&ﬁﬂ}ﬁ%lgﬁeat t?eétu% sala;

of claiml her conpri si ng rmn erna
‘k%ﬁy%ﬁﬁﬂﬁyﬁﬁpéﬂmﬁﬁ%P surface portions of at |east sone

of said plurality of trenches after selectively

Lg{ {ﬂl) ggs&l‘gé plgtg&%éf oc%gn g wherem R Iogcléggg g%ﬂ%ilonnbafne{ I%yer %E‘lcceompnses a non-
oxiipgablsaetesal. 7. The net hod of cIa|n11 further conpr|S|ng

formng a thermal oxide on oxidizable inner 30

surface portions of said plurédity of trenches and

filling said plurality of trenches with a dielectric

oxi de materi al

lalert ambient to
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prior to selectively formng a thermal oxide wthin

said one or nore of said plurality of trenches. 8. The
worbhagdiaas claim 7, further conprising form ngPar/US2003/035344

thermal oxide after filling said plurality of

trenches and prior to selectively formng thermnal

oxide within said one or nore of said plurality of

t r endhes. The3ettdd of kR TBY, betein fsai@ nad-6Ridzablf Walcha lcomprises at least one of

sile 1he9e{n@§ih£g§§ 1ttrrdgatl ng said substrate in an inert
a

lent to y the dielectric oxide |ayer 209.
10. The net hod of claim1l, wherein said oxygen

di f fazsi onTHeahditioarof|lcashen, Ahekeit O4P rog%gri g@fumnbanﬂ:p layer 221 comprises an

i.dizable material. -9 WD 2004/0
°X%X8117qﬁ§%?58§/ 035344 11. The nethod of claim 10, wherein
sai d non-oxi di zabl e material conprises at |east one of

sili 1(30n Nite rniedlgd @f‘gan%Ub ' @Qﬁmo‘?(ﬁ{ﬁhiegsloqgald §x %% diffd3%n barrier layer 221 is
wher el n said usi on

s é?bs?‘ﬁ?}é‘/ S QBRI C8idagion pf sol) bR s formation of sed
thehBal ofilee net hod of claim 12, wherein a thickness of

sai d oxygen diffusion barrier layer 221 is selected

to substantlally avoi d a conpl ete oxidation of said

oxi di*tzable MEELPT cprirfipei andpeien &l sasterErupding effa &eplyisolatign structure in a
serhin@ucolr deyice,die. meftdd cofupfi@ighod of control ling a degree of

cor n(f?&meglg l&‘ﬂ&,ﬂ% }é 1on§ott|§:ﬁps%nacei&1 éi%st 150 t%otnrtrlélrcl: EQP% ﬁlg% |Wfth an insulating

sem conddct or

oxi di zi ng"aFsRk208 ailcpveripg e tecang PSP]aW}éTeMl 296# filjed with an lnsulatmg material

i sol ati oreod ﬁvﬁm&ﬁcraﬂﬁﬁxflgeﬁ H1ﬁﬁldﬂﬁb§rherad3'eﬂ2m5l«” ating 15

mat erial 209 while covering a second isolation trench

206A filled with an insulating material 209 with a

sacripf i ciTdp mstkgdefelain fi4, fethoncoarisigdprming yghen bxidd Byer within said first
and €onBBENORE piitr tothedndlly dhdizihdokiABY of GRS form ng a

thermal oxide layer within said first and second

trenches prior to thermally oxidizing portions of said

firdb trelhemethof tBim IFhigrtiree tdupdsiof rerodving maid dxygdndiffukier barrier layer 221
an&: Mﬁg B kh@ﬂlaf SERMbyd0widRA id K Iesetlink ftrl:’ﬁhe@ Rad Qﬁeﬁflaﬁ ox1d121ng portions of

g\yt . % and formng a thernal oxide |layer wt

salg 0P st and second trenches after thermally

oxi di zing portions of said first trench. 25 17. The

rmt h‘? d 8f"1%h9 l'n@thm o]“ éialm 4 rﬂnlaﬁ{ co&Bﬁ’Gﬂ% rélllogg% Eam eH glﬁﬁs%n%amer layer 221,

fusion barrier layer a sec
f°r6]%{’§ @eﬁ‘?""&f‘ PIEe} U Yayrigy 1 a)/eé)Vé F°"Frosal§‘of\if§rtre§°é‘| ajd fliepagjly oxidizing surface
pottivetdhidaedndtivechimal | y oxi di zi ng surface portions of
said second trench. 18. A trench isolation structure
of a sem conduct or device, conprising: 30 a plurality
of tifrencHeengGpRtonaIe o sewriconghelgr desins, eammisios i ve
mat erphedlity &ahichts 288 20bBR fére # RPRhicordGtE Mat@a€ %ch 2R having upper

208B; anqoﬁga}ea%{%/@%&gagﬁterl al 209 filled in each of
I'n

said tren a radius of curvature of said
uppé’flmW%@”ﬁP@NMS‘NﬁC@%‘WCM& | east one of the

t r eRGHES a raliis fof Euvatufe 0N sdild BfpeOforRN e LodRD bEREOSr af &t one of the trenches
remai ni ng.4r %nchhfs 35 -10
iffers from that of oie or more of the remaining trenches.

-10-



