METHOD OF FORM NG SHALLOW TRENCH | SOLATI ON Si RUCTURES FOR | NTEGRATED
cncurrs FIELD OF THE | NVENTI ON [00011The present invention relates
generally to sem conductor integrated circuits (1Cs), and nore particularly
to shallow trench isolations, BACKGROUND OF THE | NVENTI ON 10002] I n
integrated circuits (1Cs), various devices such as transistors, resistors,

i nductors, capacitors zﬁﬁlr ()Q‘Rlélﬁ ) i hi eve the desired
function. These devices ariéﬁie é@ﬁl ca ﬁy |s‘%*‘gye"gq}%€§ure t hat they

acni eved by Wani - 15 OATY SR RICES FOR NGRS rovi ng

bet ween nei ghbori ng si ni concl 003] To electrically

i sol ate devigces ongt he substrgﬁgﬁgﬁﬂgﬁ{)#@m is?ll ati onsh(8Th¥) are |
tw cali o] . STls.are.forned b tching trenches in the substrate an
(11 g (60 o it 4 e L iR naeliies amealy e b S ERi ER S GEh sabpect
ratio trenches, tapered or slanted sidewalls are used. The snaller the

angl e of MHePHH ?B’doéliméll@i?ﬁﬂnﬁh’(s%l?“?%e more slanted the sidewalls), the
easier it is to fill the trench. Wth current ground rules (GRs) and depth
requirenents, etching tren@ﬁ%%@‘ﬁNQ%EﬁﬁéHV%ﬁ@I@NQ results in a merged
or pinched 'bottomsurface 108, as shown in Fig. la, [00041As indicated by
Fig. |h, 802} endninigamtedciguiiy dER. wirionndeyiaes susdl aa tralespptdrs, ofsisRBY indurtors,

capacitors and varactors are configured to achieve the desired function. These devices are
electrically isolated to ensure that they operate independently without interfering with each other.
This can be achieved by forming isolation regions to prevent carriers from moving between
neighboring semiconductor components.

[0003] To clectrically isolate devices on the substrate, shallow trench isolations (STIs) are
typically employed. STIs are formed by etching trenches in the substrate and filling them with a
dielectric material. To facilitate filling high aspect ratio trenches, tapered or slanted sidewalls
are used. The smaller the angle of the tapered sidewalls (or the more slanted the sidewalls), the
casier it is to fill the trench. With current ground rules (GRs) and depth requirements, etching
trenches with a desired angle Q results in 2 merged or pinched bottom surface 108, as shown in
Fig. 1a.

[0004] As indicated by Fig. 1b, a trench having a width of 70 nm and a depth of 280 nm
would merge at a tapered angle of less than 84°. In order to have a bottom surface, the angle
needs to be greater than 84°. For example, the bottom surface would be 15 nm wide for Q of
84.5°, 30 nm wide for Q of 86° and 45 nm wide for Q of 87.5°. Furthermore, with Q of less than
84°, the depth of the trench decreases due to pinching of the sidewalls at shallower depths. The
bottom surface of the STIs is where the n-well and p-well implant intersect. Pinching the bottom

surface leaves little margin for overlay, limits the angle that can be achieved for a given depth or



woul d merge at a tapered angle of less than 84'. In order to have a bottom
surface, the angle needs to be greater than 84. For exanple, the bottom
surface would be 15 rimwide for Q of 84.5, 30 emwi de for Q of 86" and 45
rimw de for Qof 87.5*. Furthernmore, with Q of |l ess than 84, the depth of
the trench decreases due to pinching of the sidewalls at_ shall ower depths.
The bot t oimissithe freech@epthiEhes) isgugs ¢ag rofl icurieat leakagispucy ihich d¢ggdde | npl ant
intersect. Pinching the bottomsurface leaves little nmargin for overl ay,
limts theerfrginse pider reliabilive achi eved for a given depth or linmits the
trench depth. These issues can result in current |eakage issues which

degr ade piPO3r maFoe thathtegoingaliscadsion it is. de§iobosd Froyite SAE widy atgesiretiprofile

di scussion, it s desirable to provide STIs with a tapered profile and
flatter baidtfaer BSUMYARY OF THE | NVENTI ON 100061The present invention
relates to ICs. More particularly, the invention relates to a nethod of
formng an integrated circui SUMM®ERWERDE IMCENTEIN pr ovi di ng a substrate
prepared with a patterned mask with an opening. The substrate is etched to
form an uppes] poThd esemfin@ntisieretdiessd [T tMure particiilirty, shehistentidnareleteptosed by t he
openi ng. The upper portion of the trench structure conprises sidewalls with
a first ameihed Qlforhibfal BERREId direuid BidiBdthallifcledes bastdinghabsubsiremted i s
further etched to forma | ower portion of the trench, wherein the | ower

portion CRIIRAHSREneA nRGIE ANH 2@ BEEnthg P he WRHEAE R cfdfied B bBS &n igpeipodionldie net hod
further includes filling the trench with a dielectric material in another

embodi Menrefdhy siriteurk BMROGIbSPate HQBEAILAIN dpeBE atiRuppler Sdidn dfShepfegaent €d in
one aspect of the invention. The infegrated circuit conprises a substrate

having a Mﬁ?@coﬁ@ﬁs@@icﬁ@@l@ with £ ﬁrs?-aﬂﬁqedé Dty regih:@t th ra_%ﬂ@éﬂ‘a!.e REA¢6 EBhdI PP er an d
| ower portions wth sidewall profile of the trench in the upper portion

having a Q%‘%?cg‘{tfg &cl’@&t@flbﬂ%xaai lﬁﬁgg?gggg@%%e@l, {¥BErefnBe lo@WlorRAr t 1 ON,

wher ei n ess than circuit further includes a
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trench with a dielectric material in another embodiment of the invention.
[0007] An integrated circuit is presented in one aspect of the invention. The integrated
circuit comprises a substrate having a trench and an opening of a width W. The trench includes
upper and lower portions with sidewall profile of the trench in the upper portion having a tapered
angle Q, and a tapered angle Q; for the lower portion, wherein Q; is less than Q. The integrated
circuit further includes a dielectric material in the trench.
[0008] These and other objects, along with advantages and features of the present invention
herein disclosed, will become apparent through reference to the following description and the
accompanying drawings. Furthermore, it is to be understood that the features of the various

embodiments described herein are not mutually exclusive and can exist in various combinations

and permutations.
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herein disclosed, wll becone apparent through reference to the follow ng
description and the acconpanying draw ngs. Furthernore, it is to be
understood that the features of the various enbodi ments described herein
are not nutually exclusive and can exist in various conbinations and
pernutations. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0009]in the draw ngs,

i ke reference character parts througnout the
different views. Al so, ﬁ%ﬁﬁﬂﬁéﬁhééTﬁsﬁ%ﬁﬁfﬁﬁiﬁ%§§§§§$y to scale enphasi s
i nstead general |y being placed upon illustrati he r|nC| of t he
 nvent i olOOF, t fEHE gy Snlg(e é@EFPF"‘p‘EIF’&ﬁtefS\ﬂ&P%‘Bg‘ @ﬁﬁb ?%Bmﬁr esent
invention are described with reference to the foll ow ng dramnngs i n which;
[ 0010] Fi £ difffegen viewswASE e At Iaregpt nesessaly e acgle, free‘ﬂl]s fstsad gengRdiis an
ST1 structure in accordance with one enbodi nent of the invention;

[ 00121Fi Bang Blagedsmenillistpriae dwormgiples of e iyesian. de thedellaviag descrmsienr dance

wi th one enbodi nent of the invention; and [0013]Figs, 4a-b show Scanni ng

El ect r onvavioes esbobaefiseije pmémvmt@ﬂrlaresctesqmb@du weth redeienrsdo the fellwonglance wi t h

one enbodi nent: of the invention.
drawings, in which:

[0010] Figs. 1a-b show conventional STI structures;
[0011] Fig. 2 shows an STI structure in accordance with one embodiment of the invention;
[0012] Figs. 3a-f show a process for forming STI structures in accordance with one
embodiment of the invention; and
[0013] Figs. 4a-b show Scanning Electron Microscope (SEM) images of STI structures
formed in accordance with one embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION
[0014] The present invention relates to filling structures, such as gaps or trenches. The
structures, for example, are used in integrated circuits (ICs). Typically, the structures are high
aspect ratio structures. In one embodiment, the structures correspond to STIs in ICs. The ICs
can be any type of IC.
[0015] Fig. 2 shows an STI structure 220 in accordance with one embodiment of the
invention. The STI structure comprises a trench 230 formed in a substrate 210, such as a silicon
substrate. Other types of substrates arc also useful. The STI structure is formed, for example,
around an active area of a device to isolate it from other device active areas. The trench, in one
embodiment, comprises a high aspect ratio trench. The trench is filled with a dielectric material
240, such as silicon oxide. The silicon oxide can be formed by, for example, high density

plasma (HDP) processes. Other types of dielectric materials are also useful. For example,



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0014] The present invention rel ates
to tilling structures, such as gaps or trenches. The structures, for
exanple, are used in integrated circuits (1Cs). Typically, the structures
are high aspect ratio structures, In one enbodi nent, the structures
correspond to STIs in Ks. The 1Cs can he any type of IC. [0015]Fig. 2 shows
an ST1 stdielettrie gmapals whichcemfidl aigb asmwict fatiosteictnds oulicimesitiglofspedt eatiopwentsi on The
STl structure conprises a trench 230 funned in a substrate 210, such as a
si |l i con sii#stB)anateriaDirbmerApplipkblapfialsUbst caabessedr e al so useful, The Si'!
structure is fornmed, for exanple, around an active area of a device to

i sol at e i[©00f6]lom BydienilyEistectaed witkinan 2 san hhkediffeenchidtispdepaeirgrinaldsigent ,
conprises a high aspect ratio trench. The trench is filled with a

di el ect r irequisshenisaFo2ek@mpleishb (@i cRidkd STIRtrovtirdehaviipaniainhing ofndte(ivdeg) man. he
formed by, for exanple, high density plasma (HDP) processes, Qher types of

di el ect r i densety packed Gededd dedisuress ahdiivideFATAHRAWRILS), in 163 bREY pidkedBlogr i al S
which can fill high aspect ratio structures, such as high aspect ratios

(HARP) mede@ick atead. r GéheARP| WL défRh& dndhS GRI P61 examBRR, W6, ka€ Bk eduflQd Gl BRI cal |y,
STI structures wthin an I C can have different w dths, depending on design

requi r enefiise cak®wh&@¥ &AL Bqual 0€70 Gk, G W AEF0 38 b eqtbl t8SHRLEDHRAVAIRG of1 NI MUM
widths (W:0 in densely packed (nested) device areas and wi der w dths

(W1") inylessm anww.kﬁqeﬂrﬁﬂhw . can RN&3thanGeral ly, Wre depends on
the OR For exanpl e, nin can be equal to the GR In the case where GRis

equal to (67 M Al §RUn\he YRR FIMAIC doRphPR D wiihGha YEWES TRE trench
comprises a depth Dr from a surface 211 of the substrate. The depth should be sufficient to
prevent punch through in the device. Typically, D is about 2500 — 3000 A. Other depths are
also useful, depending on, for example, design requirements. In one embodiment, the trench
comprises a high aspect ratio trench. In one embodiment, the aspect ratio of the trench is at least
about 6:1. Providing other aspect ratios is also useful.
[0018] The profile of the trench sidewall 236 comprises different tapered angles in the upper
and lower portions. In one embodiment, the upper portion comprises a tapered angle Q and the
lower portion comprises a tapered angle less than Q. The tapered angle at the lower portion
should be sufficient to facilitate filling the trench. This results in the trench having a sidewall
profile with an effective angle Q. which is less than Q. In one embodiment, Q. can be equal to
the tapered angle of the lower portion of the trench. Other trench sidewall profiles, such as one
in which Q gradually decreases with depth to produce the desired Qe is also useful. In one
embodiment, Q. is less than about 88°. For example, Qg is equal to about 82-88°. Preferably,
Qe is equal to about 83-87°. More preferably, Q. is equal to about 83-84.5°. In one
embodiment, Qs is equal to about 84.5° + 1.5°. Other Q. angles which facilitate filling of the

trenches are also useful. For example, angles less than 82° or more than 88° can also be used.



al so be enpl oyed. For exanple, W, can be less than GR [0 17] As shown, the
STl strueture of the I1C conprises a width equal to Wie,. The trench
conprises a depth Dr froma surface 211 of the substrate. The depth should
be sufficient to prevent punch through in the device. Typically, D1 is
about 2500 - 3000 it O her depths are also useful, depending on, for

exanpl e, aﬁatgnlre uirenenbﬁ. Ianﬂﬁﬁenﬁgﬁ%ng€t t.he trenc$ cogFrlses a

hi gh aspberCt at IHFPERNGT WiHPng sabadimsth Nt QIPHISSHRPEr A4 [OF SHPOTHNS ¢ r ench
is at le t.6:1. Providing othe spect. ratjos is .also usefu].

10016, 1_@2{ ke Zﬁ%wlﬁﬁl@m{%w&?m ﬁnlglz%%leéﬁ PSR e deitfer ed
angl es i e upper an ower portions, In ane enbodi nen e upper

porti on E’é’ﬁ{s}?‘m@@l & £puley D dp enegmhndinmé Qndwoub%?-?% At Parm?oﬁe? ‘a
tapered angle less than Q The tapered angle at the Igwer portion should be
suf fi ci et H@ea LRI Poatle ong gmbodineng i diqehereater thary 3084 foradovt 0¥ Rf Bnasnch
having a sidewall profile with an effective angle - ihichis less than Q
I'n ong e AP MNEN? 9P Reflp a@%therw@beaimpt,Doi%beutt@%@?/eg Ranglihe ugper ppdionower °
portion %I %he bg_n(;h.g é;her trenﬁhb?iclewalllg;g&éges,dzégﬂrﬁg %Qf@Ln whi ch
Q gr aduaPhopldfeesuiiicaty diapHo gegbiathe lowsr peftiowtot g fHirefern

useful.. In one enbodinent, Qe-ff is |ess than about 88. For exanple, Qeff

i s equal upmer agrtion sig@ldds: suffcehtly dérpyto ex@bief the bwerpeition wnltgbgme d%e@g}f Mor e
preferably, Qefry is equal to about 83-84.5. In one enbodi nent, ris
equal t owitbowpiBling thelhoGom©f Hertre@er. fInanghesmbodiotent, deivppérgbeiohishduldige of t he
trenches are al so useful. For exanple, angles less than 82 or nore than 88
can al soadhdeep sepbssibleQ0 iblathaboer paticetoviatdithe destreéd Qe di mremsiticniregién Z9ch.
conprises upper and | ower portions 224 and 228. The upper portion conprises
a dept h Betwedn the upgee ahdoeEr faetids ShoutdBmh&Hs Thelgpddih EInditionbesveemthPrid
equals to Dr. In one enbodinent, 1D, is about 40-80% of DT. Preferably, D
i's great gértibiEdvoilis hdidediny @ReEsHQdiitEilling 6¥thé Gerkb@uUt greater than SO%to
about 80% of DI or to about 70% of DT. hi another enbodi ment, D is about
60- 70% o[ob2e) UPPEIdeRSbAD aShedid hMan | &dda6¥EdhoRaRR With dEmak Bndifigs | over
portion 'Eo ﬁ]ave thg desi raed Qr. Pr%#‘ﬂeﬁfabl Y, t?\be upper portion éshoul d be
suf fi ci epichiedenpvihPdieRARl Mgl ?orll.@?&ran@ Qb E&’tiB& f15VBestdGarial Hre

Cenwi t hout pinching the bottom of "the trench. In another enbodi nent, the

upper pogddveRtichRCsdrhguds BlReR e,Qa%v%Exttbe% Zf%rqabgﬁmhbgm Ea{?xeoetaQHY@\FedF%ﬂng' ©n to

have the desired Qdr. A transition reteon et ween the upper an ower
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avoids h ng or 1 nt erferi ng e trenches. 01As
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angl es i

desired Qg for a given Wy, can be achieved, which result in improved isolation performance,
reliability and process window.

[0021] Figs. 3a-f show cross-sectional views showing a process for forming STI structures in
accordance with one embodiment of the invention. Referring to Fig. 3a, a substrate 310 is
provided on which the IC is formed. Typically, the substrate comprises silicon. Other types of
substrates, such as those having an epitaxial (ept) silicon layer, are also useful. In one
embodiment, the substrate is at the stage of processing just prior to forming STI structures. The
substrate is prepared with a mask layer 370. The mask layer, for example, comprises a hard

mask 380 and a soft mask 375. The soft mask, for example, comprises photoresist. The soft



provi ded. Having different angles for upper and | ower portions provides
advant ages over conventional STl structures, For exanple, a lower Qeff for
a given with can be achieved w thout pinching the bottom surface. The
lower Q-2 inproves filling of the trenches, Also, a flatter bottom surface
238 is produced since no pinching occurs as well a.s deeper trenches with

t he desi rmaskdds a thicknassgif lamt 900, A. Qther thickneageh ae\atsd usethi. Grarivestathiniques)

i nproved, isolation performance, reliability and process w ndow.

100211Fi gmich Saspin-eih om by wedtosfent thonalt maskelager Showi ng a process for form ng
STI stnetures in accordance with one enbodi nent of the invention. Referring
to Fig. 38022 sulsshostngthdhiddinsslpe@nriiedh iend whskcdtack Methl aplinslith OF 1ipds.
Typically, the substrate conprises silicon. O her types of substrates, such
as those T\hattmask sejok tifshedmbodidheht, Shdide®R pAEN RS 382 £rdad Hi8t d#pHfndy hatd) One
enbodi ment, the substrate is at the stage of processing just prior to

form ng SidskSdyet!S84IrBE pad erSsHdshéBéEthe SubirRD drfade ¥i It THA pA@ fker!s@& 10370,
The mask |ayer, for exanple, conprises a hard mask 380 and a soft mask 375.

The soft giagHc adh@io®XRAITRlicYe meOHRIChS@3ssRBM b fistlatched b@weQf boeffidRRK ohas a
t hi ckness of about 2000 A. O her thicknesses are al so useful. Various

106221 Ao Shonh "the har 0 sk CoD T S & har ST RECk Ak ROl ural ity
and a 11 Tolor D el ety o S M D BIRAPL e
R e e A e S A
S o ersdeR CarDSI AR, A pEEH Nk SR SR L Rheear o REG 2V 1

conpri se I con OXI for ‘exanple, ermal oXl ch as

idth L-dat | P). dh i ck th d, f le, i
about 1000 stech Ayl WElde, BPEbl ERERG A e Ren i AR o™
ful. Th ' k| ' eri al ' .
ot chod scruet PR MegRER O SurdPBla SRR 1P e § TGN nf *Mhedl g™
[ terial ich be et ched lectively to th bst r at
el | s 3PUT AE ety i &l BieF ReorPrre SRPBIERS. YR BRARBHBE mont

the first hard mask | ayer can conprise silicon nitride. Various deposition
t echni quétHgHE, U a%?%ml%? YAROLGBPSIHYPESY TPk 6 BeemBjoyedan be enpl oyed,
1002310ptjonal ly, the har sk stack can include a second or internediate
hard mas Ilqugﬁer %’@Pal%&eg‘érgadﬁ‘ﬂﬁk Rasiocaarikude gypeond oF ipgmedjate bayrd srask B¥srect i on
due to the first hard mask. if suppression of reflectivity due to the first
hard maskSP-s Thoteconddird mesk lassesesise dnvgdersreflastienduedy the fsgthiadanasls tft ed. The
second hard mask | ayer conprises, for exanple, a bottomanti-reflective
coating CERRRESFIORQYEsilectivify Huets tharfirghgsthmaskinnet required, led ssgonddrapsionask iyde or a
pol ysul fone. The thickness of the BARC | ayer can be about 2000 A. The
second ha&pgibaemitted.aYlkeseeand havd nhask bayer epsipmigesy fr pxuwle evettert anthadlegivecesses.
An antireflective coating (ARC) layer 388 is typically provided bel ow the
sof t maskodtingdBARTH ayaRebch ay/ay organieiwetdrisloncletingrmlyieidess taipotysu fone.nhe
exposure, which can inpair the quality of the inage being patterned. The
ARC | ay ethidowprdfdlesB ARG layexanpk ehoua R0y jaTihesepmidyhart misk\layer can bielforalcdess of
about 1000 A, Other types of materials are also useful. to |ocations Were
STl t r enchieg vaicas tonviertidhalrpradsseRatn etivefigti td@atigs(ARC) layee 83§ i8 GlpitdiRs
exposing portions of the resist to an exposure source through a D E3Sk and
devel opi pepvided belowah®aodt eachbyedd Dhie AREAPRERAsIAs tddatsSrefle@paaging on whet her
a positive or negative s'used. The openings

exposure, which can impair the quality of the image being patterned. The ARC layer comprises,

for example, an organic polymer having a thickness of about 1000 A. Other types of materials

are also useful.



in the soft mask | ayer expose portions of the hard nmask stack. In one
enbodi nent, openings have different wi dths. For exanple, openings in
densely packed device regions will have a minimumw dth Wth, while
openings in | ess densely packed device regions will have a width greater
than WWh, can be, for exanple, equal to about GR. Qther values of W,in.,
such as than. GR is. also usetiij. 025]in Fig. 3c rd mask,.stack is
ot t er mel0 oo RPia st FIEONS TaS B Babk iy RE S BT ) SR PpUTe
pattern. of the soft sk is transferred to the hard mask stack. The

bat t er net? Ipetianssaaee ST HiERChes Ao Gp S PAPTINE R B HEYF R udb SipePe
surface. Patterning of the hard nask stack i aégieYed bé, for exaggle, an
ani sot r opgrHoRS QL e R fP ALeRPEREE fwershrowc%inﬁ% APRIRYCloPINEILS; ARV FFBAEL s
continues to formtrenches in the substrate. In accordance with one

enbodi meprt ungkpaspparivaspdaperflingorihethes p @psIEYLY n5EVE £81st 18 gkt 165 8BENRES f or m
the trenches. In one enbotilnment, the nulti-step etch process conprises
first anthtbesdmasktlesr exropsporReterf femgrdtroaskisigek. 3g ong pabgdipedt, apeRiRESt ep i s
performed to partially formtrenches in regions unprotected by the hard
mask st abave diffreertt inidths. dioe xdrapleropériingstin denselpy peskep devi¢congionswilliave # enches
having a first depth Di. The first etch step conprises a selective

ani sot r opiidmemonidthsWgh whde BpeBings im losselersrhopickedtteyice regicanivdlbhavepivadtbt ch i s
selective to the mask |l ayer. The etch selectivity of substrate to mask

| ayer, f ofeatexthampgy, (Wemnah oMb, & bk, foo eR@nple, ¢fuat tombgyt, Gt Other wthees of Wadsbst r at e
is 10 to 20 tinmes that of the mask material). Higher etch selectively
al | ows t hehus sotha@GRhisnernsdfaisk | ayer. Preferably, the etch selectivity of
the first etch is at least 10:1 with respect to the nmask, 100271l n one
ermbodi mefgo2sf he 1sFigenwharg nekk kthék iv pRretnedDlemoving @britloheedpoed b ds sofnpsk.se a
first angle @ (at least with respect to the trenches with width - siv'd").

The et ch AQRRINOMS patterPOf iEBI1H AbITs GREMINSH ty/the hita nidsk Stacle TR phmeXaRp| e,
enpl oys a hydrogen brom de/ oxygen :Br/02). OQther types of chem stry which

etches t Hﬁsﬁaib‘i%ﬁts%p\eﬁihgs(mﬁey%%ﬁhg 84 s@ishlte S@RE! PMiding 6f tBd BRd Haed ul . For

exanpl e, chlorine/ oxygen (0401) can also be used in the first etch step.

The poly ?iﬁéeﬂigiaaﬂemgw f%{ é)aégiffe, SR QY BFicleRhPRSR L@/@%&w&% ShigwRid)s to

achi eve esired angl e (0028j1n Fig, 3e, the second etchis

performechghe) f Ok LRWERS cARIubABFolPr&RARLR e shiflrate. In accordance with one

cmbodiment of the invention, a multi-step etch process is employed to form the trenches. In one
embodiment, the multi-step etch process comprises first and second etch steps. Referring to Fig.
3d, the first etch step is performed to partially form trenches in regions unprotected by the hard
mask stack. The first etch forms first or upper portions of the trenches having a first depth D;.
The first etch step comprises a selective anisotropic etch, such as RIE. In one embodiment, the
anisotropic etch is selective to the mask layer. The etch selectivity of substrate to mask layer, for
example, is about 10:1 to 20:1 (for e.g., etch rate of substrate is 10 to 20 times that of the mask
material). Higher etch selectively allows the use of a thinner mask layer. Preferably, the etch
selectivity of the first etch is at least 10:1 with respect to the mask.

[0027] In one embodiment, the sidewalls of the upper portion of the trenches comprise a first

angle Q) (at least with respect to the trenches with width = Wiin). The etch employs a



trenches. The | ower portion of the trenches conprises a depth D2, where D
+ D2 Dr. The second etch forns trenches in which the sidewall profile
conprises a sidewall angle @ in the |lower portion. In one enbodi nent,
is less than @. The angle Q, should be sufficient facilitate filling the
trench. This results in the trench having a sidewall profile with an

ef f ect i vepadymérezi@thdmistriyc fThé Brst @dls fdrleaml, emplvgs & hpdrbgedi basnide/oXaed CM be
equal to @ hi one enbodinent, @ is |less than about 88'. For exanple, @

i s equal EBrabAUOtHBR2tyB&. of Rherhiettyawhiyh etQResitlte sabltidle with tabassireBctBstlectiftyds
preferably, Q is equal to about 83-845. In one enbodinent, 2 is equal to
about 845l Befult Ierexi@plangloeiae/vkygeh (F120h) datt albEbd skd intfe kst &biestég. emehes are
al so useful. For exanple, angles less than 82' or nore than 88" can al so he

used. O h@ilyrhérEigdthemiswiid enfpl@felt ksassiGdiCthe SideddIB té Abhidve et dRigtadsaly,y

decreases with depth to produce the desired @ or Q....if is also useFal.

[ 0029] ThejosEs}ONAInei€ B e HAETICHEESCHAR paritsiRied Rifofn BlwePporBibitito 8SmpiktEthel N ONe
embodi ment, the second etch conprises a non-selective anisotropic etch with

respect tt%nkﬁl;@ MRS lowedY&tion JiBe RARAG! BmblYS a%Eﬁﬁ']j‘%e?é?n QﬁmiDZS% ecilvity of
the substrate to the nmask that is about, for exanple, : 31

Fur t her myegondteh® fSEEARHRE Ghw S Rkls @mﬁﬂoﬁﬁ&?ﬁpﬁ%aeﬁﬁ%lfﬁl\%@m&e first

etch to produce a single sloping si pro eln portion with

a flat orosubshant 'I@Bﬁé’eﬁﬁoﬁhn&?:%qme%%l Thcgnéiygh outd d,jgﬁ Ha

non-sel ective etch chem stry conpri ses

o A i #8300 ea%”eg.vl; e
3F6/1-1 01l

(PO 5 LSC8F o8 S35 o o AL EEERTAGH i P oo o
o0 ey Bk AIBM e 8 0 PR AT, b 0%

portion shoul gi ntI 0. enabl e, t ortion . to have the
desired CAf™ a&p@g%‘i% 8l7 %ﬂ%@ﬁe P e té’tﬂ%‘ft%%?g su%‘?‘?r’& ?4‘?”‘1%@?) to
enabl e the Ioi/ve &Ert g)n tg) ia.we the desired Wi t hout pinching the
bot t om of'S E4¥8l bR §4. 5I1'3léno‘t)ﬂi‘éerfe%k?al“’lli‘éﬁkltfamlttﬁéﬁlﬂf?ﬁéhf ﬂ}%?@[‘?}ﬁﬁa@ﬁkﬁel d be as
deep as possible to enable the | ower portion to have the desired Qcfc. The
transi t i deBltEeserpmyle, angleipssshpm B2conyaors Hisot8h camialso SaperdnOthentrssich | on avoi ds
hindering or interfering with filling of the trenches. [0031}As descri bed,

t he soft sifgwRll profiigsnsichiay ¢nedn whishiQngradifally Aesraases vdthalspthTh produdetthadeskedyet s
eroded during the non-sel ective etch of the | ower portion of the trench.
Dependi ndom Qednis atshiusless of the soft mask, it may be conpletely or
partially eroded. In the case of conplete erosion of the soft mask, the
exposed H8929] maskersespndktsh compriseaart anddotrgpie etobladch aERIEe [isbrztdnmbothieneat) fifei ci ent
amount of hard mask (e.g., silicon nitride) remaining to serve as a polish
stop for sswind egbentpxcos essadectiByaniotropie vl iwithgesp b tsthe mastelaker. Thé fdnAner
hard mask | ayer can be used. in alternative enbodi nents, soft mask nay be
renoved aedoctive@torthahamgcindel ectivtysufliss subdtitetto tHe@iiadk that & absu@ o &Smple, 1:1 to

3:1. Furthermore, the second etch comprises a less polymerizing etch than the first etch to
produce a single sloping sidewall profile in the lower portion with a flat or substantially flat
bottom surface. In one embodiment, the non-selective etch chemistry comprises carbon
tetrafluoride/octafluorocyclobutane/nitrogen (CF4/C4Fg/N,). Other types of non-selective
chemistries, such as sulfur hexafluoride/helium/carbon tetrafluoride (SFs/He/CF,), are also

useful.



[ 00321The process continues to conplete the STI structures by filling the
trenches with a dielectric material, as showmn. in Fig. 3E For exanple, a
liner layer can be fornmed on the substrate, lining the trench sidevvalls to
relieve stress and repair etching damage to the silicon substrate. The
liner, for exanple, conprises silicon oxide. The liner can be folioed by,
for exanmple, silicon oxynitride (SiON) or a_ Si 3N LSng; hybdd. An,

i nsul at i NP3y erln pecordanss viEhes PR digent b isabg 408080 o1 | Brefgrablreleigenches.
In one enbodi nent, the insulating |ayer conprises a HARP material, such as
SRI.. O et e Do engsaibadimegts f%%p'aﬂ geaigr éhag |58% to gy B0% ok Pr gsto
insulating material is renoved by, for exanple, chem cal mechani cal

pol i shi ngo@ueNfo of Dy drinethegersidimentyiet i peant A& ith (0% opDs uFfcaupesr ogigpl anar
with the substrate surface. After the STI structures are conpleted,
processi [goudd be wélicientlytdeer te epahit ihalaveer portion kphase thetdrgiretl Qe[ DOBBDHL s, 4a-Db
are SEM i mages of STl structures fornmed in accordance wth one enbodi nent
of the i nypamppoion siReddba sufigriently Bieep to4agblpthe lavek potiemphese tededimd Qe on t he
substrate by a first selective anisotropic etch. As shown, the trenches are
fornmed i rwithest pécthong titebhrsteyo fplsectkendh. diavanctherr sagiodimenf, tHehepaposionaheuld Bdhe
trenches were etched to a dcpth of about 165.8 nm about 65% of the total
dept h of a2Bekprrposkibe: tb kesbtdthe taher posion & Have tedesitet IQ. & MEhe teBbigbn bedyedh

remai ning on top of the hard nmask stack. Referring to Fig. 4b, conpleted

t renches Daned Hhehvaldic stlooth. SEIROIMEhofOIRanSEibe 8¥didschigietif®b iQRHeri @l wifh filigg Shown,
the trenches have sidewalls wth a tapered angle of about 87.93 and %Iat
bot t om surfeeenchakhi ch are desirable for HARP. [00341The invention nay be
enbodied in other specific forns wi thout departing fromthe spirit or

essent i aljpgfpr ad Qleb@btd Ind PaRAL renl i Ju?ih?%hiﬂg oBIRE @i JIBY Uhe shRGIaGS OF €,
are to be considered in all respects illusfrative rather than limting the

i nvent i onederkd mtghﬁmn&ele&@%cmtﬁmwwe%i fhd t&nklhbﬁeﬂeﬂ&,hgﬁ @d by the
appended cl ai ns, rather than by the foregoing description, and all changes

|t ended TaES EAlT SRTTREHORr R ARy PLERUYERICH & R Sk 1€

i ntended t raced th s al'nme

erosion of the soft mask, the exposed hard mask may also get partially eroded. There should be
sufficient amount of hard mask (e.g., silicon nitride) remaining to serve as a polish stop for
subsequent processes. By not removing the soft mask, a thinner hard mask layer can be used. In
alternative embodiments, the soft mask may be removed prior to etching of the substrate to form
the trenches.

[0032] The process continues to complete the STI structures by filling the trenches with a
dielectric material, as shown in Fig. 3f. For example, a liner layer can be formed on the
substrate, lining the trench sidewalls to relieve stress and repair etching damage to the silicon
substrate. The liner, for example, comprises silicon oxide. The liner can be formed by, for
example, silicon oxynitride (SiON) or a Si3N, /Si0; hybrid. An insulating layer is then
deposited on the substrate, filling the trenches. In one embodiment, the insulating layer
comprises a HARP material, such as SiO,. Other types of insulating materials are also useful.

Excess insulating material is removed by, for example, chemical mechanical polishing (CMP),

9



|. A nethod of formng an integrated circuit conprising: providing a
substrate prepared with a patterned mask with an openi ng; et ching the
substrate to forman upper portion of a trench stnicture in the substrate
exposed by the opening, the upper portion of the trench structure
conprising side, ails with a first angle Qwith respect to a substrate

surf ace; mnducing STI sfrugtwrkehavetgabp agfatdseo pldnst wig the subsfraie sarface. odber tixd§ i on of
the trench., wherein the tower portion conprises a second angle @, wherein
Q i s | esgruttuem a@ cofipiEtatipplooiving pEtha substrate contingestiheonglidis thed€e conpri ses an
ani sotropic etch selective to the patterned mask; further etching the

subst r at e[0038]pr | Bigs 4a aan$BMtimegds of BTCdructares Edrmed inveecdrdarich@ithahd er ned mask;
and the mask conprises a soft mask and a hard mask. The nethod of claim 2

wher ei n tembodinsent bf theBlvedtioinRerthg tb Fip. &4, phtiagredthes A fSrbdiohaliesubstrdte The
met hod of claim1 fhrther conprises full g the trench with dielectric

material Byo filef SledtivralsbRUpit EEMCAs itBOatht BBnch&TR: forfed i@steEsIMRAkeBS Cl 4
wher ei n: etching the substrate conprises an anisotropic etch sel ective

to the pajaclddiRdicEPspion of tictsiByiraRt aiik ehchBOwst Behddab @ defINBY b85S 6318 nm,
arnsotropi c etch non-selective to the patterned mask; and
about 65% of the total depth of 257 nm. The trench etch was performed with the resist layer
remaining on top of the hard mask stack. Referring to Fig. 4b, completed trenches are shown
after a second non-selective anisotropic etch. As shown, the trenches have sidewalls with a
tapered angle of about 87.93° and flat bottom surface, which are desirable for HARP.
[0034] The invention may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be
considered in all respects illustrative rather than limiting the invention described herein. Scope
of the invention is thus indicated by the appended claims, rather than by the foregoing

description, and all changes that come within the meaning and range of equivalency of the

claims are intended to be embraced therein.



the mask conprises a soft mask and a hard nmask. ratio process (Eclectic
material. 7.The nethod of claim®6 wherein: etching the substrate conprises
an Etrtisotropic etch selective to theask; further etching the
substrate conprises an uni son-epic etch non-selective to the patterned
mask; and the mask conprises a soft mask and a hard mask. 3. The net hod of

claiml i, ing Q2 less than Q enables the trench to have a | ower
effective %E%(%}u??&/lfsb i mprove filling, 9.The nethod of claim8 wherein Q'ff

is equal to |l ess than about 0 10: Th&ngod of claim9 wherein Qis equal
to about 32-88'.

I. A method of forming an integrated circuit comprising:

providing a substrate prepared with a patterned mask with an opening;

etching the substrate to form an upper portion of a trench structure in the substrate
exposed by the opening, the upper portion of the trench structure comprising sidewalls with a
first angle Q, with respect to a substrate surface; and

further etching the substrate to form a lower portion of the trench, wherein the lower

portion comprises a second angle Q,, wherein Q; is less than Q;.

2. The method of claim 1 wherein:
ctching the substrate comprises an anisotropic etch selective to the patterned mask;
further etching the substrate comprises an anisotropic etch non-selective to the patterned
mask; and

the mask comprises a soft mask and a hard mask.
3. The method of claim 2 wherein the soft mask remains during etching of the substrate.

4, The method of claim 1 further comprises filling the trench with dielectric material to

form a shallow trench isolation (STI).

5. The method of claim 4 wherein:
etching the substrate comprises an anisotropic etch selective to the patterned mask;
further etching the substrate comprises an anisotropic etch non-selective to the patterned
mask; and

the mask comprises a soft mask and a hard mask.

11



11: The method of claiml| wherein: a depth of the trench is equal to DT; a
depth of the upper portion is equal to Dt; and a depth of the | ower portion
is equal to D2, wherein D1 is greater than D,. 12. The nethod of claimlI
wherein having Q2 less than @ enables the trench to have a | ower effective
Q(pej) to inprove filling. effective Q (QO0 to inmprove filling, 15. A
net hod of O-f omeibsgnesipdiod elat f ieteindiling 1@ Fprchspmgrisep ABIpE withg hghsaserst r at e
prepared. with a patterned nmask with an openi ng; etching the

subst r at eatioPPeesiligleciisgeaterigbrti on of a trench structure in the substrate
exposed by the opening, the upper portion of the trench structure
conprising sidewalls with a first angle Q with respect. to a substrate

sur face;
7. The method of claim 6 wherein:

etching the substrate comprises an anisotropic etch selective to the patterned mask;
further etching the substrate comprises an anisotropic etch non-selective to the patterned
mask; and

the mask comprises a soft mask and a hard mask.

8. The method of claim 1 wherein having Q, less than Q, enables the trench to have a lower

effective Q (Q.r) to improve filling.
9. The method of claim 8 wherein Qe is equal to less than about 88°.
10.  The method of claim 9 wherein Q. is equal to about 82-88°.
11.  The method of claim 1 wherein:
a depth of the trench is equal to Dr;
a depth of the upper portion is equal to Dy; and

a depth of the lower portion is equal to D,, wherein D, is greater than D,.

12.  The mcthod of claim 11 wherein having Q; less than Q; enables the trench to have a

lower effective Q (Qet) to improve filling.

13.  The method of claim 12 wherein D, is greater than 50% to about 80% of Dr.

12



further etching the substrate to formthe |ower portion of the trench,
wherein the | ower portion conprises a second angle @2, wherein Q2 is |ess

than Q; and filling the trench with a dielectric material, 16. An
integrated circuit conprising: a substrate having a trench and an
opening of a width W the trench incl udes upper and | ower portions \é\llth I
sidcwal | (pr of Q Chl the up ortio Vi n apered angl e
Q and a '? apelrl%dnmfha(lq %}Ferflﬂga‘fl%\g?g P%‘f @hcna&’ﬁ%ﬁ’@ trﬁ‘%béo S‘%‘B’Iaé%‘gert han
Q; and a materl l |nthetrench 17. The integrated circuit of
claim 16°M%?V8§1@*Q3?Hﬁpr@? "I"8%s than QE enables the trench to have a tower

effective Q (Q) to inprove filling. 18. The integrated circuit of claim
17 wherein Q0 is equal to | ess than about 88. 19. The integrated, circuit

of clai m 7 Wheref1 ?) IS e ual to about 82-88'. 13 process dielectric
mat eri al ! A method of forming an iso atlon trench comprising:

providing a substrate prepared with a patterned mask with an opening;

etching the substrate to form an upper portion of a trench structure in the substrate
exposed by the opening, the upper portion of the trench structure comprising sidewalls with a
first angle Q, with respect to a substrate surface;

further etching the substrate to form the lower portion of the trench, wherein the lower
portion comprises a second angle Q,, wherein Q; is less than Qy; and

filling the trench with a dielectric material.
16.  An integrated circuit comprising:

a substrate having a trench and an opening of a width W, the trench includes upper and
lower portions with sidewall profile of the trench in the upper portion having a tapered angle Q,
and a tapered angle Q, for the lower portion, wherein Q is less than Q,; and

a dielectric material in the trench.

17.  The integrated circuit of claim 16 wherein having Q less than Q, enables the trench to

have a lower effective Q (Q.s) to improve filling.

18.  The integrated circuit of claim 17 wherein Q. is equal to less than about 88°.

19.  The integrated circuit of claim 17 wherein Q. is equal to about §2-88°.

13



20. The integrated circuit of claim 16 wherein the trench comprises a high aspect ratio

process dielectric material.



