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BACKGROUND OF THE | NVENTI ON The present invention relates to a nethod of
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integrated silicon etch process including 5 perform ng photoresist renoval

and silicon etch steps within the sane chanber. Today's sem conductor chips
generally include mllions of transistors. |solation structures are
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structures. Each of the first, second and third chambers being optimized to perform its
20  particular etching operation. One problem with this approach is that it requires at least
three different etch chambers which increases the cost of ownership per wafer. In
addition, transferring the substrates into and out of these three chambers reduces
throughput and may cause particle and/or defect control problems.’
Mindful of these disadvantages, the in-situ photoresist approach, which
25  uses one less chamber than the ex-situ hard mask approach, has recently been gaining
wider use. This process involves forming a pad oxide layer and a silicon nitride layer
successively over a silicon substrate. A photoresist layer is formed over the nitride
- layer and then patterned. The substrate is transferred to a silicon etch chamber. The
exposed portions of the nitride layer and the oxide layer thereunder are etched to
30 expose selected portions of the silicon substrate. Afterwards, within the same

chamber, the selected portions of the substrate are etched to form trenches. Then the



substrate is transferred to a photoresist stripping chanber, such as the
chanber, to strip the patterned photoresist. Al though the in-situ

phot or esi @ip @pBs®ach provi des i nproved throughput and betpg@aruso1/25391
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20 Accordingly, it is desirable to develop a STI approach that can increase
throughput and improve particle/defect control without the disadvantages associated

with the in-situ photoresist step STI approach.

SUMMARY OF THE INVENTION
The present invention provides an improved method for etching silicon.
25 Embodiments of the invention teaches performing photoresist stripping method and
silicon etch steps within the same chamber. The present invention increases the
throughput of silicon substrate processing.
According to one embodiment of the present invention, a method for
processing a silicon substrate disposed in a substrate process chamber includes
30 transferring the substrate into the substrate process chamber. The substrate having a
hard mask formed thereon and a patterned photoresist overlying the hard mask to
expose portions of the hard mask. The chamber being the type having a source power

system and a bias power system. The method further includes etching the exposed



WO 02/ 15249 PCT/ US01/ 25391 portions of the hard mask to expose portions of
the silicon substrate underlying the hard mask. Thereafter, the patterned
phot or esi @io g28589posed to a first plasma fornmed froma fip@EluPiesPsS gas
to renmove the photoresist fromthe hard mask. Thereafter, the exposed
silicon substrate is etched by exposing the substrate to a second plasm
formed fronpertisnsefdbetiagdmeskde egwe portwpp bf/ihagilikbn elmstrggp mdarhymg theshond ce
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features, are descrlbed in more detail in conjunction with t he text beI ow
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processing stem B %’E l_g 1A; Fig. 2A shows a sinplified cross-sectional
view of a sBf Fef substrate having a patterned photoresist l[ayer 20

Fig. 2B ShOWS a Si ”p| Tht@An oARs eﬁﬁ@@lhﬁﬂﬁlof‘(ﬁ@gy‘ %fgt {¥€n §Q9ﬁ9§ft§’r

substrate of Fig. 2A after the hard and have en opened; Fig.
2C shows a @dwaptageswfcatowr@edtscuhadl invinery defaik ineosjenttomneliic thertextdbehst r at e
of Fig B h hot oresi st has been stripped; Fig. 2D shows a

sinpl i fllogd %}' agf{acé delguc{ﬁsal view of the sem conductor 25 substrate of Fig.
2C after a trench has been etched thereon; Fig. 2E shows a sinplified
cross-sectional view of the sem conductor substrate of Fig. 2D after a

soft clean step has bBRAEPEESSRIBFIONQF THEJPRGMNVINGS ow chart of an
exenpl ary process aCCﬁ{gg;lRgsrk#)%&%l%gﬁlaf%g’éjéeﬁﬁ%al%he BicR¥ &R Skdml \§ent' on; 30

Fig. 4A shows a sketc ograp £rench cr 6ss-e&tons in a

dense ar ea simitdreluctonmeferqirodeksng sysednn at whichitle: mélBod bbike pressitahedntioh an SEM
phot ogr gph of %renclh Cross-sections in an iso area at the center of the
substrate: Bay ¢ 1mplemented;

Fig. 1B shows a block diagram of the semiconductor wafer processing
system of Fig. 1A;
Fig. 2A shows a simplified cross-sectional view of a semiconductor
substrate having a patterned photoresist layer
20 Fig. 2B shows a simplified cross-sectional view of the semiconductor
substrate of Fig. 2A after the hard mask and oxide have been opened;
Fig. 2C shows a simplified cross-sectional view of the semiconductor
substrate of Fig. 2B after the photoresist has been stripped;
Fig. 2D shows a simplified cross-sectional view of the semiconductor
25  substrate of Fig. 2C after a trench has been etched thereon;
Fig. 2E shows a simplified cross-sectional view of the semiconductor
substrate of Fig. 2D after a soft clean step has been performed;
Fig. 3 shows a flow chart of an exemplary process according to one
embodiment of the present invention;
30 Fig. 4A shows a sketch of an SEM photograph of trench cross-sections
in a dense area at the center of the substrate;
Fig. 4B shows a sketch of an SEM photograph of trench cross-sections

in an iso area at the center of the substrate;



WO 02/ 15249 PCT/ US01/ 25391 Fig. 4C shows a sketch of an SEM phot ograph of
trench cross-sections in a dense area at the edge of the substrate; and

Fig. 4D stwov/d2ket ch of an SEM phot ograph of trench crosg1eewniheds in an
iso area at the edge of the substrate. 5 For a further understanding of the

present invention, reference should be made to the ensuing detail ed
descri ption. DESCRI PTFEN*EshowEashitell of 40 HE@bPIERPS of reneikempt sectiothanber

10 Fig. 1 Am@?@érﬁé%re%a?ﬁ@%gﬁ%bﬁthg' g%lﬁt%%le% an exenpl ary semi conduct or

waf er processing system 1l n whi nmet hod of the present invention

can be practiced. Sy¥FigADIBOwsarsketcls efamSpMophessraihaofhenc Obss-secsiony ce
power suppl

105, a ,as ,power s |y 106 and a controller 140. Process
chanber 101}4l ?F@&?Pg’eﬁflg?:vf@e Séjlgﬁl?@ 104 defined by a dome 103, a
cylindrizal sidewall Eddafigthér andedthiiinglddne proséR Bvehih, 'réfePe)ﬁ@é QﬁJuhd’bémde
of a dielectric material such as ceramc or quartz. Sidewall

bott om 113 BEiade {o/th¢ eBsUiNg ataidedofeseriptional such as al uni num or st al nI ess
steel. Source power supply 105 couples an RF signal (e.g., 12.56 MHz) to
an antenna 102. Antenna 102 has a plurality of turns |ocated proxinate the
top 103 and produces RF electromagnetic fields that excite a process gas
(or gases) |ocated i n DESCREPTION OF PRE SPECIBICENMBGUBMBNTSa pl asma 130. A
robot arm 111Tb E {? Egantom transfers the wafers 110 in and out of
process chafber F8TPREO #MBETs| it val ve 114 During substrate processing,

a sem gpnductor waf eggl1Q, de‘ﬁi&&i‘sdﬁ@bﬁaﬁ@ﬂfa té{(@*ni)}'ar{' Qérﬂggndu@{oﬁgr at ed

circuit structures, is supported upon a p ostatic chuck)
107. Wafer waﬁ’rlpsoczﬁs‘l@(mmd1@(bmt\hhaclpﬂamh®cboﬁtacptqstr&hquntlomemsbmg Ions
and el ectrons fr 110. Since .t

he ma 130 bonbard the fer
el ectrons aP@CHEHe %ﬁﬁiﬁf‘f?ﬂpqsﬁﬁa Pg’ﬁessﬁgfi‘@ger V&Zc? PYHEE PIVEH SHRRIE q§§’r*} ke
the wafer. Bgs gowassm!pFlwm‘éeindJaJ&nefsmw 1465 ProdeSddtaimber tmacsomanl@@a pRR&ds ve
bi as accel erat es positive ions fromthe plasm towards wafer 110. Pedest al

107 and t hu¥olape 1\%fd@fmﬁ=<%bm demg 10, aeylipdriedl gidgwalldly. and:ad:@ttml 18r 13.56 30
R R e L A g
102, while t hEamﬂlStﬁfc@y 1 D3 afehgpitaismade ¢fra meal dugh emmmhdrﬂdr kyinlddestséignal
appl led to 88191‘%3 {)gvlverlsqlz)piy410\§9:ogg{eg gr% ﬁ% sf)gcr:l-zl;{ (l‘.JaSg0 11/225563181%-12) to an antenna 102,
Antenna 102 has a plurality of turns located proximate the top 103 and produces RF
electromagnetic fields that excite a process gas (or gases) located in volume 104 to
20  form and/or sustain a plasma 130.
A robot arm 112, shown in phantom, transfers the wafers 110 in and out
of process chamber 101 through a slit valve 114. During substrate processing, a
semiconductor wafer 110, which may contain partially formed integrated circuit
structures, is supported upon a pedestal (electrostatic chuck) 107. Wafer 110 is
25  exposed to the plasma to facilitate processing. Ions and electrons from the plasma 130
bombard the wafer 110. Since the electrons are more mobile than the ion, more
electrons than ions strike the wafer. As a result wafer 110 acquires a negative bias.
The negative bias accelerates positive ions from the plasma towards wafer 110.
Pedestal 107 and thus the wafer is biased by an RF signal (e.g., 400 KHz or 13.56
30 MHz) supplied to pedestal 107 by bias power supply 106. The density of ions in
plasma 130 is primarily controlled by the signal applied to antenna 102, while the
energy of the ions is primarily controlled by the signal applied to pedestal 107.



Tenperature within chanber 101 is partly controlled by circulating a fluid
(e.g., water-based ethylene glycol) through separate heat exchange passages
(not  showg)oisifi n sidewall 1 |1 1 and done 103 of the chaarso/ie€per at ure
of the substrate being etched is controlled by a conbination of a gas
applied to the backside of 5 the substrate through passages (not shown)
within pedestal 107 ah®MBSra®rs withigchamber 10 i paytly HP@E@}?dg)YW@étﬂaB&&hange
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Appl i ed Mat efrtresc e&ﬁtcl&dnm aQushiage ofthae wataril@. Smﬂaarbmter&m@a rommsmlse the

chanber 10108 0y e ST el B ORBLRRRel Bl e PR B or s o

of chanmber géhkhes Hkstesd manit@AO8ESlaPOBS D lierdetomeer, r@(ﬂl@ﬁ@ﬁﬁrbxﬂgwmﬂﬂ exhaust
system 109 regul ates the pressure within chanber 101. A gas panel 120

del i vers prgtaawbsr §@k isscoupledfia fisgirocess mopisorghgpagh larmaespf@lt apratuze sughvis 124,
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and
initiate, monitor, regulate, and terminate the processes occurring in process chamber

101. Process chamber 101 is, for example, a decoupled plasma source (DPS) etch
chamber manufactured by Applied Materials of Santa Clara, California. Chamber 101
25  contains the elements necessary to process a semiconductor wafer.

The exterior of chamber 101 is typically at ambient atmospheric
pressure and the interior of chamber 101 is held at a reduced pressure during
processing. An exhaust system 109 regulates the pressure within chamber 101. A gas
panel 120 delivers process gases to chamber 101 via a gas line 122 and a valve 124. In

30  aprocess, such as an etch process, plasma 130 is formed in the chamber 101 by
applying RF power to the process gas. RF power source 105 energizes antenna 102 to
ignite and sustain the plasma within chamber 101. Those skilled in the art will realize
that a plurality of steps is necessary to excite a plasma in a process chamber, i.e., supply

a process gas, apply source power to the antenna, apply bias power to the pedestal and

5



5 WD 02/ 15249 PCT/ US01/ 25391 so on. These steps are within the skill of an
ordinary practitioner in the art to perform wthout further explanation.
The net hoghgofy/ sk present invention can be inplenented i n Bydiesmthat is
controlled by a processor-based systemcontroller such as controller 140 of
Fig. 5 1A Fig. 113 shows a bl ock diagramof a processing system 100, such
as that depscemdlhase Fegs ateAyitthmthiersifilsofcin ardisggteactitionerialtheart todfecfomat can

be enpl oyed_ | C city. Systemcontroller unit 140 includes a
progr ammblgﬁtg%‘%#ggﬁl&ﬁxgg@%éqnhg unit (CPU) 160 that is operable with a

conput er - r eadabl e nenThy mkhidd of tiEEsseat RivagRn A8 bt ¢plkhftnteain h BRmeont r ol
unit 166, and a display unit 168. The s¥stem controller 10 further includes
%déyl%

vel | - known Sabisseatreld Brogesgorshased systemp griiirodlappich as camteplier [ 4L wfsFig1 76,
cache 178, i t 2] i } 140
also i nﬂgl ug}ggt{b éa? \,\%‘P(gsg cjgfrlwrlr(odr%\%%rgllrdiotrf\g% pv\%% g?ﬂ%sr%%gnsg@d(ﬁgu%l}%%gh%tﬁfeéggegor s 181
i n chanber inlig. 1/SUrvingeusiba sysiea sonteol By $4@ thapeancbeadngployesilia hudsa waf er

t enper at ur e, chanb&f at m)g(g{%?re. ;i)r(iss re and the like. Al of the above

el ements ar eAPAGHGH| RFIGTR cont Pt 144 meludes @ programmgtie Captiah piPcessingaiit ai ns

i nstruction i ﬁpﬁqa I ocessi ng
system 158. %%@%Gr?gﬁ sr&u%t@ ?%‘ﬁ?%ﬁ‘ﬁgﬁ%“%&?gﬁg%&%&?ﬁ‘“? e f2 6% kn%ﬁtg)% Qgrgg%gr am code
such as a péeecalfdl 80 inpuscortrab hritd 66, sind halispbayhmdt I68. {The spstersenttrolierent i on.

The prgﬂéan} %glc'ﬁie. confiorm to any, one.torl nﬁ‘rrber of dif.ferent é%
progr anti ng I anglagess VEor MRYANPPRE™ PHEM Z)%Wf a8 pawersgrpiies 1 ¢leghs in
C++, BASI C17d2a¢R! L789rnPaU@uF1hqyoqtiraiiﬁqmolaﬂamg@s .Con@aRe BID 4Neogr am 190
may include a nunber of different subroutines. For exanple, in one

speci fi ¢ ensBidaehardwaredgr menitaing Waler pipsesslgphiousk sensetsd S iimphaseherout i ne,
a process s r j r .n [ each
chanber in g@frj'm I gﬁ%ﬁ%&%@s %ﬁq&%ﬂ%gﬁg%%fgg@gg&gﬁ%%%c#ﬁ E%EEI fouti nes
to control atndisphedel presaoapnd thetikeofAlbsfahe stwvelimehBlare couptddidiaw@ntrbbr
exanple,_a substéat ﬁZIEOSi tioning subroutine, a process gas control :
subr out15r1e, Sﬁteﬁ 43S control subroutine, a tenperature control

subroutine, and a pl m&gpltw&taﬁgms&u&m%tm J\GleButes 0QRRLpANE Y

ordinary skill in the art W readily recogni ze that other chanber
control subeparationesf pragessing systdruds8l Tepmsuiciipnein BEmetyat62mre veths fermaok t o

dent 11 es PROPRTRESHETD ut FRECEEa 0 ARABRFET: Davaribe ohBe rSeHart of a
mul ti chambenvea@sie SHidsosMit &dk n@dytoafdrh th By one of a number of different
20  programming languages. For example, the program code can be written in C, C++,
BASIC, Pascal, or a number of other languages. Computer program 190 may include a
number of different subroutines. For example, in one specific embodiment, program
190 includes a process selection subroutine, a process sequencer subroutine and
chamber manager subroutines for each chamber in a multichamber system. Program
25 190 also includes subroutines to control individual components of each chamber 101,
including, for example, a substrate positioning subroutine, a process gas control
subroutine, a pressure control subroutine, a temperature control subroutine, and a
plasma control subroutine among others. Those having ordinary skill in the art will
readily recognize that other chamber control subroutines can be included depending on
30  what processes are to be performed in process chamber 101. |
The process selection subroutine identifies (i) the desired process
chamber (if chamber 101 is part of a multichamber processing system) and (ii) the
desired set of process parameters needed to operate the process chamber for performing

the desired process. The process parameters for performing a specific process relate to
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desired set of process paraneters needed to operate the process chanber for
performng the desired process. The process paraneters for performng a
speci fic pwooapasswrel ate to 6 WO 02/ 15249 PCT/ US01/ 25391 praagesn$/2600ndi tions
such as, process gas conposition and flow rates, tenperature, pressure,

pl asma conditions such as RF power |evels and the |ow frequency RF
frequency, RIeessP aenditianspiuel 8% peocesmghs chapbsitiomeand flowmyses, sgrpesatu®hese

par anmet ers i . i h rm,af .a_recipe can be
entered usi Iﬁéﬁ%egg{%\ﬁgggg P(E)IEO@J@C# %ﬁéﬁpg(‘;’}gf %E‘f%l% a’i‘%g’eﬂ?‘gcfgeélgggcé{ca]@gncer

subrout i ne freyglenclssoplimogapressate, dmar chagbepk ald mpehtuied GRbie fa@AndtE QGRS S
chanber and set (i_ci)f %roces,s paraneters fromthe process selector subroutine
and for corRPHIdES Hythspestdnitisnfogn of gaecipg dslran be saese usingippytsontioh

mul ti chanmbepsist ¢g8. Mul tiple users can enter process set nunbers and
process 10 chanber nunbers, or a user can enter multiple process set
nunbers and process Chapioesss sequsacs sulsoutiteinskadessprogransedale doit dcoeptinger at es

to schedule,th | ect ed rocesses jn. the desired sequence. Preferably,
the sequencBf! eﬁﬁﬁ?)%?foﬁgssi 87“@8%@ Sﬁi%d?fg?ﬁS%BﬂémF@rs(' %mrPWSFﬂECtOY
oper ati on ofubtdifting b ESToRREIIRE bberaBorl6f BE Fhiidusi frodebeciifEREhS are being
used, (ii) determ ne what processes are being carried out in the 15

chanbers bennlichamber systamy iNplfipleisersican ehier pros¢ss et nunthesssandtprsesds on

avai | abjql it e h er.and.tvpe of process to be carried out.
Conven?Lloona agn%)te ﬁ%lgﬁﬁ%% Osrffdou%?:’?orier%e?t ué&%llggf:oé: ¥ Séﬁ%‘%%%f%a‘b W8S used, such
as pol i ng.chéfiter swhbets sonbe vétjueicer PIREEHR dpsrated theciRyBe Wheskiectdie sequencer
subroutine can take into consideration the present condition of the

process chafBEISsEen iy drsiad seauenisp drtismilnihaseatriceesbradng ichidse es s
condi tions eﬂégéraﬁl é:tﬁlleQST(ig%o'?ﬁtQPﬁl%%geﬁﬁo Bfeth'f':?ﬁfé"es dhafiBER (BALEHENES the
user - enter request, ‘or any other relevant factor a system progranmer
desires to dhaolbedbearé being aetds Kimi determimchead processep aredieintg @sriednu én thee
sequencer suybroutine determ nes which process chanper and process set’
conbi nati orEHAEO5E; Bripg te ea“&@&ﬁxﬁ‘ﬂmﬁgytqes‘ qﬁleprg%ﬁdgg?‘?&@fm%ﬁfa@ﬁityﬁ a

initiates HRocQ%eRahbeMnly e PREREEDDeTatridouP 28 8hNALbIM nRAkdds el ar
process set paraneters to a particul ar chanber nmanager subroutine that -

control s mumenigringghe peassssrepambsiesan he used, syshrasipoliingr Whencssbeduding mich
acor o 19 ekl L S5SNRenel LSS LSS S 1
t he pr ocesspregsipesiRifiorsoihe pfdce@&hbmbamr%@aa% vérhparisbe widithd gasigd process
set 30 being executed. Typically, the chanber nanager subroutine nonitors
t he var20gysprocess conditions for a selected process, or the "age” of each particular user-entered
request, or any other relevant factor a system programmer desires to include for
determining scheduling priorities.
Once the sequencer subroutine determines which process chamber and
process set combination is going to be executed next, the sequencer subroutine initiates
25  execution of the process set by passing the particular process set parameters to a
particular chamber manager subroutine that controls multiple processing tasks in the
particular process chamber according to the process set determined by the sequencer
subroutine. In operation, the chamber manager subroutine selectively schedules or
calls the process component subroutines in accordance with the particular process set
30 being executed. Typically, the chamber manager subroutine monitors the various
chamber components, determines which components need to be operated based on the
process parameters for the process set to be executed, and initiates execution of

individual chamber component subroutines responsive to the monitoring and

determining steps.



chanber conponents, determ nes which conponents need to be operated based
on the process paraneters for the process set to be executed, and

i ni ti at eswexegeidoon of i ndividual chanber conponent subr qutr/vs263$ponsi ve
to the nonitoring and determ ning steps. 7 WO 02/15249 PCT/ US01/ 25391 A
person of ordinary skill in the art would understand how to inplenment each
of the particul ar chafRersedpsdisan skilbndhe arhweuldmsdersseadbow, to implemebtt r at e

posi tioning, d |1 chanber
Bomponent o ¢ R areb Bl iHrbBeh iR SonBh Nab AR, B YRR P e
optional | y, pasitidriifig s@rodtmep;ecdﬂdstr&ludamdogubs:bdafoe comtra@lifigshanttitr hei ght in
chanber 101 for subs rate %(}oc?%a geg Mass storasgg gev ce 164 stores data
and i nstruc‘fc?rBPfgleaﬁd Lere pedde lopdithe subsigats ppiQrReAedl dQ7 apdapienallin o Kftom a
processq rﬂaeq;a@és@alsah@@maf&ela%uem&hg@% éhanm%gm@f fcﬁ sgl')%llﬁtegf gﬂgt' c
tape. For exanple, the mass storage device 164 can ard dis rive,

fl oppy disk drive, tapkassipiovage devico po4 sates datakmdlnnsu'ectldvly.sasdsdztncweageiamew ce
10 164 stor

and retrjev nstructions i ctl ons t hat
it recei vesgnfdr%rr%raf%wdéﬁ{‘fei%bon PR aé’ﬁﬁceﬁ?oéé?%lSég’Eageﬁgﬁlﬁ@t YSA&Sfhat are
stored and magdtRvisk MABREC tApkOFaPexale, G thadk storBsaivicey®d chy bprocessor
unit 160 for operating_the cProcesm ng system 100. e data and program
1

code i nst r ukard @ik qﬂ"é, floppst dipledrives (apd dpiye.tai@piiea dliskgiriyeadybass stprage dewide f r om
a nedi upy an%!—il%gﬁstaﬁ@ fi&4ds TR tifonlOlo diRE e &{’% i5ctyey trom, P!

control unit cou s a datain evice, suc as a
or light pethe GRU p)6@cBammndlpmgraﬂ1&6d¢ msfpucionsl éhaf are stdred ﬁr&b&trtﬁve@by ashanber

operator's inputs. D uni.t I‘OVI des. i rmati on to a chanber

opgr at or |t n“f’ﬁ%ﬁIi %ggﬁgt%ggd%?)@é%b %ﬁ?ﬁzﬁé‘“gﬂgg g?gpamﬁérﬂ?ecprgmwagt ers
under contr BitSar

transfer of QJ(:?Eataland con%t?o ﬁg@ga:]ng %Cﬁﬁéttﬁwggn al %loftp%tﬁg%gg@itcée)fsna%ﬂat are
coupl ed to sthegedavicoll 64 fromeammbdisn 4hd. thenrartstaugd to heneond 62 forsiysbep@PhUS i s

di spl ay f @1 single bus that directly connects the devices in CPU 160,
control sys % bus 170 can al so be a collection of busses. For exanple,

di splay unit 168, |np!ﬁpu@@éﬂtf&hnlﬂf}%c&ﬁﬁe%tﬂ%@ﬁt&vﬂeaﬂ%h%‘é'kﬁ?o&% can be
25 coupled to an input-output peripheral bus ile CPU 160 and nenory 162

are coupl edmopgs, gt llg!etaenpﬁod&@%mr ulausl 60 TharovistedPr fhe erseins of a Bhambeand
I nput - out pug, e?gtr&glﬁﬁ{o B Elfgé)lglt 1%9 f&aﬂr@gﬁ{aﬁg&tp%cﬁ& c%%@{ [Qin St em

bus 170. Sy em con I'sS C up e erren e processi ng
form of graphical displays and alphanumeric characters under control of CPU 160.

20 Control system bus 170 provides for the transfer of data and control
signals between all of the devices that are coupled to the control system bus 170.
Although the control system bus is displayed as a single bus that directly connects the
devices in CPU 160, control system bus 170 can also be a collection of busses. For
example, display unit 168, input control unit 166 and mass storage device 164 can be

25  coupled to an input-output peripheral bus, while CPU 160 and memory 162 are coupled
to a local processor bus. The local processor bus and input-output peripheral bus are
coupled together to form control system bus 170.

System controller 140 is coupled to the elements of the processing
system 100, employed in etch processes in accordance with the present invention via

30 system bus 170 and I/O circuits 180. These elements include a plurality of valves 182
(such as valve 124 of Fig. 1A), process monitor 108, exhaust system 109, source power
supply 105, bias power supply 106, slit valve 114, gas panel 120, robot arm 112,
chamber sensors 181 and an optional mixer block 184 (not shown in Fig. 1A, but may

be connected to either the gas panel 120 or chamber 101).

8



system 100, enployed in etch processes in accordance with the present
invention via 30 systembus 170 and 1/0 circuits 180. These el enents

i ncl ude awp) gar1@ddot y of val ves 182 (such as val ve 124 of Fipg/dsh)i/25850Ccess
nonitor 108, exhaust system 109, source power supply 105, bias power
supply 106, slit valve 114, gas panel 120, robot arm 112, chanber sensors
181 and an opti onal nﬁxmmbbmlew@ progides hignals tonthBivgriousAshaimber elayentbe

connected t i.the ane 02/ 15249

pCT) Usot/ 25385 et e BT B o i Gre RS b Los PRl  frded
chanber el eprebdss in Biadmieauee, t hese el ements to perform desired operations in
order to inplenent a desired process in chamber 101. Al though the

i nvention is descri bedltheia the Hyepdomig despsibedrbereiachsibging implameatas iand
execut ed up wil |
Feal i 20 % hat T o FRE R BULRATE £ERTR thifose LORRGaClncil bl ol el 20,
appl i cat i onreakzethif the invehegy eduddibe implementédAEHifg hmlwatel'@bh haudyplieation
circuitry. As , 1t sho tood that thelnventlon can be

i mpl emrent edSPeF‘E’CMtGg@t%erWCH“gégfc) (?rr?q?t‘j?‘?‘iﬂét’raée CITQYHFHwa Bichoit S}ER}‘@‘hbe Those
skilled in $he@bdd i the &l RR:HEEEH t?e%%ﬁk"i‘ﬁen‘téd wowhSle Q?trﬁ{éx"@‘iﬁ ot

routine skill to select an appropriat uter syste o' contro substrate
processi ng hagwarenollogh. T['hoseSikilledom tltérmﬂlsulngeﬂlwdhmmgould behan®ree 9Nt

| nvent i The .met of, the present inventio d to etch.silicon
for a5 (HPHET yOfo Sipfta6 ABPEREME ORERPLpRTeat B el Fheitt piReetiitng
chanbers sugRteas1tde exenplary chanber described above. However, for
illustrative purposes, the present invention is described belowin
conjunction with the steps involved in etching trenches in a silicon
substrate fgr a i i ere applicable,

ref erence nﬁnber%pil%h? #Cte%&ﬁs%ﬂd&&lngkdo&? P?ésg&eﬁ%nu to refer to appropriate

conponents 20 of the @hemtt&ﬁwfdtwfb@m mhavtltbnldanlﬁbg%dtb&tcﬁmﬂxcbhiforzReferr| ng
includes placing a“

to Fi 2A- 2E
s_ab_slt ?St % S‘Oarteﬁfa‘ap )%attﬂtsb%a&ggﬁn?asté SB?t ﬁt%@%%‘sg eREbsEsughas the o g
silicon et @)&r@? ﬁﬁmﬁéﬂcﬁe@c%)abo{@'q{m} regt ﬁlu@@aﬁtv@ éﬂﬂ(ﬂ) SO0 b ereﬁ%){fa r 52

provi ded t her a hard mask layer 53, e.g., a sil rtri ayer,
provi ded oviewemtm 1pddsomnbr:d,1 belownd canjaﬁctmtwm thedteph utvotved i etchidg reochied e d

over the hard chnl ues ide layer is
general ly f Blran% “?%téatg 8‘%&\,\@3{[‘%‘” {10 &%‘?ﬁdvﬁﬁﬁ%&?ﬁil&%gw face for
the hard maglferb@afumbens PNBe aéﬁaﬁgmmsgtow rah:euseal Rsteterti® apf¥prifls boiforents

20  of the exemplary chamber shown in Figs. 1A and 1B.

.Referring to Figs. 2A-2E and Fig. 3, a process 200 (Fig. 3) includes

placing a substrate 50 (Fig. 2A) on pedestal 107 of process chamber 101, i.e., a silicon
etch chamber (step 201). The substrate has a pad oxide layer 52 provided thereon, a
hard mask layer 53, e.g., a silicon nitride layer, provided over the pad oxide, and a

25  patterned photoresist 54 provided over the hard mask layer by well-known techniques.
The pad oxide layer is generally formed on the substrate to provide a good adhesive
surface for the hard mask layer. In one embodiment, the substrate may include a
dielectric layer such as an anti-reflective coating layer (not shown) between hard mask
layer 53 and pad oxide layer 52.

30 Referring to Fig. 2B, once the substrate has been inserted into the
chamber, hard mask layer 53 is opened to expose the pad oxide layer thereunder (step
202). Generally, anisotropic etch technique is used to remove selected portions of the
hard mask layer. Portions of pad oxide 52 exposed by step 202 are removed to expose

the silicon substrate (step 204). The process recipes used for the nitride and oxide open
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dielectric |ayer such as an anti-reflective coating |ayer (not shown)

bet ween hard nmask |ayer 53 and pad oxide |ayer 52. 30 Referring to Fig.
2B, once Wogehetrate has been inserted into the chanberpehaod2g@sk | ayer
53 is opened to expose the pad oxide |ayer thereunder (step 202).

CGeneral Iy, anisotropic etch technique is used to renove sel ected portions
of the hardensnadeordneio ompgmbadigensof fudresghidavapioaxye peavided telapim02 are

renoved to Lk con te 4 he. process rL.eci pes
used for ¢ nEamecE gt el el BRRG R Vs s PR PO e E e
accordi ng tly biaepenhcuppB06oW; tdeepnB seite powerdupplicd By &upfepovéed bel ow in
Tables 1 and 2 resgecﬁivel . In Tables 1 and 2, W re%resents t he bi as
power appl | SEPIYLAP DL ISEWET reRERSEIty tEGCSSYR WikHR dsshpmberiiing thrsieh

suppl i ed by, C e da&gin pressure
W t hin ?he %Iﬁgér%%efn ﬂgg\rﬂ?(%geﬁggpéetfx%ﬁgegenprocet?g?e%ﬁ&r)\lﬁ %%hdggdél)lfotec?e? e-%%@g step, the
end poi nt détreiian ofithé stepsied, thostdeisgrenfiorreed treil tihwrateilgimgakkideeyestiep; i.e.,
the step is,perfarmed unti.l the .underlying oxide |layer is detected by an
end- poi nt i na%?fg}%(?ﬂ‘téﬁl?f%géy%ﬁi pe Nitride Open Pressure 25 ml Wb
250 Watts (0.8 Wwatt/cnR) W5 700 Watts SF6 10 sccm CHF3 100 sccm Tine end
point detection 10 Table 1 Process Recipe Oxide Qpen Pressure 30 nml W
50 Watts (0.16 Watt/cm) W 750 WaPreressRedpe sccm Ar 120 sccm Time 15-25

Sec Nitride Open
Pressure 25 mT
Wy 250 Watts (0.8 Watt/cm”)
W, 700 Watts
SFs 10 sccm
CHEF; 100 sccm
Time end point detection
10
Table 1
Process Recipe
Oxide Open
Pressure 30 mT
W, 50 Watts (0.16 Watt/cm®)
W 750 Watts
CFE, 80 sccm
Ar ‘ 120 sccm
Time 15-25 sec
15 Table 2

The process recipe provided above for the nitride-open step has a
nitride-to-photoresist selectivity ratio of about 1.3:1, where the nitride layer is removed
1.3 times faster than the photoresist. For example, for nitride layer 53 with thickness of
1500 A, the patterned photoresist layer is required to have minimum thickness of about
20 1154 A. Preferably, photoresist layer 54 has additional thickness of 500-900 A to

compensate for faceting phenomena. Accordingly, in one embodiment, photoresist
layer 54 initially has thickness of about 1650 A to about 2150 A to open nitride layer
with thickness of 1500 A. After the nitride-open step 202, the photoresist remaining on

10



15 Table 2 The process recipe provided above for the nitride-open step has
a nitride-to-photoresist selectivity ratio of about 1.3:1, where the
nitride |@yanissorenoved 1.3 tinmes faster than the phot orpgsingdo1/2539§
exanple, for nitride layer 53 with thickness of 1500 A, the patterned

phot oresi st |ayer is re?uired to have m nimum t hi ckness of about 20 1154 A

Pr ef er abl y,the herddnask vequld hyve ingeneraka thirdnessoh about 08198 Qncesbendude A t o
t . i X L nal i di .
oot or oot otlasiris ey e RASIRAE oo ASREIGLI by pd BB BRI ANnE 515

A to open mixidd ldgeriayeme cades hinchitekiess lnfr ifa) Be Asedihtpicetdfieherptotdredstopen
step 202, the photoresist remining on 10 02/.15249 PCT/ US01/ 25391 the
nard sk BOTA th AR TFSHIRE. AP OR S SR HE N 0 AT AeSie ¢ he
nitrides | a590-3590 F09REErablNAOLESTIOA NG opBRiHRBRESing ANSle Al 3)Qde R§GHed to
open the underlying "oxidelayer in sonme cases since the nitride |layer may

be used i n witkathe phbtaresistpaisr.ol bs ihdeknessznf éhe phatorasisttlager cemrbe ki¢pttmt |,

phot oresi st_l ayer 54 initiall as thi ckness .of about 5,2300-3500 A,

bt et or abl y BBTETLs oot <phedtiorts HHERTSTAG VPR SheS i PR Y ayer
Wi th the phaj@niestisped pii@ito eththgthinckdyemshotilichesuddghter esi st | ayer can be
kept to m nimum under specific enbodinents of the present invention since

t he photoresist |aye¥nde the ¢anypeiipngl inotiturphotaresist appropdh bawsvesa mieh si | i con
bst ! $ aishe it n !
b, oSN Rl o b RO AR BPIT

much thic photorests [ eq s nce
|l eft on t heusad to étdietrenshes oanlet silicmdubsiratd. Chypicalys haktiaml 0G0 Kiok inwee of

substrat e. ically, additional 2000 A or re of otoresi st i s needed
to etch tr %E%%Slﬁégjp?@egé‘b?tﬁﬁlglené’ﬁég?‘”%é@’qﬁogw ?5&%k‘d‘849éﬁ?i onal
i n-situ appisRR&ttionalih-GamBldch.t Pof &ampl, td £RGM Ra¥h ﬂgviggpgﬁgh@% aliteut 3000

A on a silicon substrate i ch has thereon nitride an ayers of 1500
A and 15 13004 onesjlizonisvedtyate which banthersoh oitrifle aphexide ayersof 1500bA and

phot oresi st, | ayer wit.h thickness .of /5000 A or re. Such.a co nti onal
Poor oadh & sQSEXSeatiElivety e FPT copna aoaaufen IR rhomist ot SN TR e s <o
0.18 mor sgreonerA & meke. tSiﬁh%Sﬂ@ﬁGéntibﬂ&lia@Eﬁfacﬁ Repapill LTyesffidult t6 &hpiemBnt

i ncreases as the device size decreases. Eventually, the conventional

in-situ phesttbe devieas pipgreesde?. oum@r smalder sincs thy aspesi satiq ofi thephaspresind coul d
10 | et DRk ds LA M BB confl B o) e
conpar i son, phdisresist-apptaach avodldmach appoess linitadern aspesild e longsiiscisegnd s of
the pr eZSOentfa{)rri]c\:/aeten gringlrl] dg\llil:cgs\:\g.gF, r(1).61 3‘1?11? dg\fricg d%g (tjé %reed%})t tof 'fgé(fé rcogs?rvaiinr% ?n ﬁle
photolithography procedure.
In comparison, the in-situ hard mask approach under specific
embodiments of the present invention allows the use of a photoresist layer having a
thickness of 3000 A or less, as explained above. Consequently, the decrease in device
25  size is offset by the decrease in photoresist thickness, thereby slowing or preventing the
increase in the aspect ratio of photoresist patterns as the devices get smaller. Therefore,
in-situ hard mask approach according to the present invention may be reliably used to
process devices having minimum feature sizes of 0.18 pm, 0.13 pm and even smaller.
Referring to Fig. 2C, after opening the hard mask and pad oxide layers,
30 the remaining photoresist layer is stripped in-situ using a plasma ignited from oxygen
gas, i.e., stripped without removing the substrate from the silicon etch chamber (step
206). This is contrary to the conventional wisdom. Generally, photoresist is stripped
ex-situ in a special resist-stripping chamber (downstream chamber) by exposing the

photoresist mostly to reactive radicals rather than exposing it directly to plasma,
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t hi ckness of 3000 A or |less, as expl ained above. Consequently, the decrease
in device 25 size is offset by the decrease in photoresist thickness,

t her eby skweiong20r preventing the increase in the aspect pEii®m104391
phot oresi st patterns as the devices get snmaller. Therefore, in-situ hard

mask approach according to the present invention may be reliably used to
process devbeseuseifuhsigonremi amgncdusaigulamagewoshofin@nts gmhe Quisiragm and even
C..after en| n t he hard nmask and pagyoxi de

|1 . R i
Per o SortoRd st of SripBlrte Ho RRE sy P e sth ehareies /ng

pl asma '9”'&1%itlfyre§l %Y BRMesi a8 plasm® has SnetaMR e bIMiRIdted'iRIFRIEL
substrate fromthem;l I%lcon etchpchanber%nstgg 206) helsl I's clont ary to
8

t he conventPIOASS CRBISEIA Agether @Iaﬁ%ﬂ fopﬁﬁpblmé torqsgt ex-sitpppducamsihsi tu in a

|
hot or e4) ot PsaRlict PR SRRTREl RN BRI ATRR T E SR 1y o
pl asma, 11 A@riddé M&oﬂ@ﬂlhﬁbﬁlp?&ﬁ% mdyeRe $hotestshB sergfpee imsi@y Brthgausi ng

damages to the structures on the substrate. Therefore, the concept of
strippi ng pHER EhaERsest I ﬁ‘idéi“?rbtoi the plpRyesihe PEsEsAngtnestdiebeshied away fremithy

exposi ng t hg &ifSksk: sttﬁ’;% g‘%mom%e?%@'bﬁ he%og&%?oga'@ﬁjipg) ggtge Iré@s‘i Chical by

process engi neers. eason for stri hot or ex- s uis
because t hesaegptinmbeewhste ‘Wave diddprocdss bs peefoemedl yTheadh&ylpV@ieys bughhasnet al

inmpurity |ey nse uen eri cont am nati on prqbl em may
ari se | th%éle?@s‘%otﬁ \SW%E)BEPYPa &38?%05@21)’@%“’%%8%1“ ar*ﬁ ition
to the abovge rédigt s&f@@@g&ﬁfw tB9@1Ff§m|i‘@N&u§é‘b@rﬁcl€‘é@ﬂttc§lrp%ﬂlérﬂe Fot fhe§d 4
resi st stripping approach because of the concern over “stripping the resist

in the sanehelrgainas, hppheforegist h%ﬁ ‘been &thlpp@cb@%s@ inx q@ecrlalmhmnber tifder thier t y
b t
P v ch ¢ e B St bbb ot ERmaf BEWE S RHRGTE B4 aboBth o rm of

cause part i the@hofndsistlis @flp[bﬂdﬁman&ﬁér dhag®er BeTore iRdeh@y the sgsatate ifitd&he
phot or esi st has been strlpped ex-situ in a special chanmber under the

convent i2onatilieon etglhphaspherekherpas in thegoprentional inthitu phatpessist apripachathe maék
approach,  EiiRoRBeH Qs ipel i shotfid: LRAA raﬁa%@sﬁl% glaahpr before inserting

the substrate into the I con et ereas in the conventi onal
in" situ photoresist &oprevearbonttaneto tphod)mesoml wiglost, lthemwcént invemtotsher
chanber after the sili l\wgon etc ntra e co vent i onal

. Ho
W adom ¢ nelpyecuenRecioibefsGreraihiat inneRTRE S Iy Car St i Weh P
possi bl e t Othke PRbOIERI: 18P FARM tEQQam@e%b%} WhBR silides e%osrtéli)' §e§6nﬁéayer

wi thin the sanme chanber where silicon etch step is perfo 20 That is,
the resi0st Thatds,theyssidt ismsirigped ipsitwprierdo peufomnmg thg silieonsidhi stapn Ietpodeess ep.

lmn t Pr ggefzy%(ﬁ? ng #agﬁa&%%srg% 18 otSlStHéa C(I)Iiscer%f smce tExe un&er y?negrnr}trldlquyeer }sqgtey nderlying

removed in STI processes. The contamination issue is also of little concern since the

purity level of photoresist has significantly increased recently. Finally, the concern

over byproducts mixing with the photoresist also have been addressed, as explained
25  below.

According to one embodiment of the present invention, the silicon etch
chamber is kept substantially free of byproducts or polymer (SiO;) by frequently
performing cleaning steps, e.g., performing a dry clean step every one load. Also,
relatively clean silicon etch steps may be incorporated into process 200 to reduce

30  polymer build-up on the chamber walls. An example of such a step involves use of an
etchant gas such as SFg in a process gas. Alternatively or in addition to the above
measures, a soft clean step may be incorporated into process 200, as explained in more
details later, to reduce polymer build-up on the chamber walls and facilitate extended

process runs under process 200. As used herein, the term “substantially free of
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removed in STl processes. The contam nation issue is also of little concern
since the purity level of photoresist has significantly increased
recently. wo akiiy, the concern over byproducts m xi ng W tpetiikd1pEs9§ or esi st
al so have been addressed, as explained 25 bel ow. According to one

enbodi nent of the_present invention, the silicon etch chanber is kept

subst anti al IP?,IY‘FIP’ée r?fFfStF? Breediier whereshe gmewnt eEpolnephuild-apensihe chamber
Pora’’ A 09 GufeRiBOeRhERuef PihreaRRhO R Mf Potikecil 5401 RLGRY BYeTY one

| oad. Al so, an silicon etc incor por ated into
process 200undttrstmﬁjv,3ea ﬁﬁsqzrotlglnmrmhhn dud-suq:h avoridiorchalnkey degehling oAnhexanpl e

of such a step,inyvalve e of an etc as such as SF6 in a process
gas. Al tern%ﬁa?‘tpgféelag “F#%cﬁf??eaﬁbtlagt’ \?Ed t]*ﬁslg‘é’ures a soft clean step
may be isicorporated i RERriALEAKI0 IR 120€5th@15i53c@ésrt@<q t?sett%lethegﬁ&%tés&' ater,
to reduce polynmer build-up on the chanber san facilitate extended

process run$rippiggstepr ay@@sf,hngzmne Ambodiseknh ef @ﬁ rprescmtentwtlnn, is pteyidedtbiebow y

free of 12 5 01/2539 rrers . ef erstoacon

where the al\rﬁ'atj(r%l)?é %f ﬁ]gg ms’r Bfﬁqr entﬁi‘ﬁ‘? QA BRYed Riphipgpqwer SEpD éﬁbg’t
enough to tw, eeprmmstseufcelpbwlat éupEMede)y ﬂft@@@ﬁcﬁwe%@@?plﬂw\ﬂahﬂ Pagswader st ood by
a person skilled in the art, such a condition will vary depending on the

chanber bei T§grasens therpesspieokigys tltfeqhqglngecttfrmgﬁb@etaharqcn@ Thg strippimetien ni ng
back t oyt eig poB8rmddor B p: ng%afanéﬁgédaﬁhtléﬁeetﬂe F)Qﬁocf % 0891%51}%183 oBthe tfhd { PP N9

step, according to one gsent Ginven , I'S rov i ded
below in Tmbéaetois‘eadhmnﬂaﬂbyiag 3itritl%1alyetp33qﬂemf<ﬁtytﬁ’¢ecebt afSthpxaives foa[@pén ed by bias

power supply 106, resents urc p i ed by source power
Supply 105, YSHEE BHESSt d ERBRERT Do RS CYPEIERIEA 1 HQ SERBYHEEILI | ng
the etch prac&sSpoilt\etddioh RPIEE, HE phocedsds b&f&%{eﬁq{)ﬁﬁﬂtﬂe?ﬁ s@cdﬁﬁg tHefeArRf

peri od, V\/nerethe period is a conbination of the tine akes to reach
under | yi ng feroverkiching purpe®spl us forty percent of that t| rre for over
etchin ur poses. For le, i.f the is d tect ed in-10
secondgﬂam ng an endTﬁ%P esﬁé‘fcé%??rtgﬁldgggglg??%/mﬁ%g '8@B§§e’f‘ RAYRPE T ed for

anot her 4 seeipRdMidyiiRaiprédess febipeOHRY be st Gt the PA&Sresikb Thiymepr ocess
reci pe provided below in Table 3 is an exenplary process recipe. Mny

ot her pr ocedBbedinicple therahipmber prewsyre @ass be besweerpalionp? 1 et about 100 whethe

enbodi nent, ?‘a‘H%? r t 100 nT,
the bias p%l\t‘/a\g may B%B\rﬁéf% a%o out ggtt%ﬁl r&%%wgr ﬁlggigg tédg%lg\%gp may be
about 200 WAatts $o AtmouaBOOA m@(hn\ztﬂhet sxygen flotvhaapbey gt § kasm teaboaes@bout 5
sccm t o, about 50In . . " . . .-

20 sccm another embodiment, in addition to oxygen, inert gas such as helium, nitride,

or argon, or a combination thereof may be flowed into the chamber.

Process Recipe

Photoresist Stripping
Pressure 10 mT
Wh 20 Watts (0.07 Watts/cm®)
Wi 1000 Watts
0, 50 sccm
Time end point detection + 40% over etch
25 Table 3

After the photoresist has been stripped, a trench is etched in-situ using a
well-known anisotropic etch technique (step 208), as shown in Fig. 2D. The

anisotropic etch technique involves applying a bias power to direct the ions vertically

13



20 sccm I n another enbodinent, in addition to oxygen, inert gas such as
helium nitride, or argon, or a conbination thereof may be flowed into the
chanber. WoorassioReci pe Photoresist Stripping Pressure FCTWSOWASPO Watts
(0.07 Wwatts/cm) W5 1000 Watts 02 50 sccm Tinme end point detection + 40%

over etch 25 Table After, t he phot oresi st. has been stripped trench is
etched in- SHOF’&“ﬁ@F ﬁ&gséra{wdl é%ﬂBgﬁ"@Yme&i‘B%% gasst élf?[ﬁtaé@ﬁ}ﬁg‘%\léfo(@@werzo& ,
as shown i ni@Hi @-fola phésevatidRilsRt 56Bh eheal AR JfRd i fIH s HAMMNE S ying a
bias power to direct the ions vertically 13 WO 02/ 15249 PCT/ UsS01/225391

toward the eehsst Ganeradlydhe plosinnis hiated ababoubd0R Wty 4686 Weaisemt inoxydegei i nt o

chanmber 10 of.m. ' | I r oR. the wal.ls of the trench as
the trench %nglg%aﬁ%glwlg?sg‘%ﬁa@g%‘g%gIt%&tbﬁtggﬁ'l g}sle asls'l\é\'%%?rélsaéar et héﬂut 300
Vatts (G 96tapés oS« bBitoimoaretes8 diothe aead; € atte pakvationayeeid thizkbd at theowar d

the substrate. The ssivation | ayer generally 5 tapers off at bottom
corners 58 I&Pefﬁgewﬁg%@ﬁna\e.aé?helpwg% 5ation Iayer is thicker at the

upper sidewal | s than Tﬁ'@gﬁ%ﬁsts b@ciﬁ@f’b‘? bné h{?ﬁ%\ﬁh}ggﬁo%ﬁh@ tRL&D ci{q @%chsg for one

i npl ementation of the tr etch process t uses an etcha
consi sti ng that Geameth@R gascatsihing of Cornmd hdv ietel adepth hafingdepth of 300 i s

provi ded in lke 4 bel ow. 8 Process Recipe Trench Etch Pressure 35 nrl
W 300 V\atté’aﬁ‘gg’g‘ép(@ﬂ‘%%d/%# le48818%00 varts Q2 90 scem 02 12 scom Time
28 sec jfpble 4

Process Recipe

Trench Etch
Pressure 35mT
W, 300 Watts (0.96 Watts/cm®)
Wi 1000 Watts
Cl, 90 sccm
O, 12 sccm
Time 28 sec
Table 4
15 The anisotropic etch process of step 208, is generally referred to as a

dirty process because the polymerization and ion bombardment produce byproducts
which adhere to the inner surfaces of chamber 101. These byproducts accumulate
within the chamber and alter the chamber condition unless they are regularly removed.
Additionally, the ion bombardment damages crystal structure at the outer surfaces of
20 the substrate, producing a damaged layer (not shown in Fig. 2D) with a thickness of 20-
100 A, which alters the electrical properties of the substrate among other things.
The present inventors have discovered that one method of maintaining
the chamber clean for extended process runs is to incorporate a soft clean step (step
210) into process 200. The soft clean step removes the byproducts adhering to the
25  inner surfaces of the chamber without meaningfully altering the main trench profile,
i.e., the width (opening), depth and slope of the trench. Under the conventional
paradigm of semiconductor fabrication process, engineers perform cleaning steps on

the chamber only after removing the substrate being processed from the chamber for

14



15 The ani sotropic etch process of step 208, is generally referred to as a
dirty process because the polynerization and i on bonbardnent produce

bypr oduct wo o2hiszde adhere to the inner surfaces of chanber PIOIUSOTRE®E
byproducts accumul ate wi thin the chanber and alter the chanber condition

unl ess they are regularly rempved,  Addjtiopal|y, the ion bonbardnent
danmages cr ye fgar §’? g%{‘lgrtée afo?ﬁ%tctﬁﬂ %ﬂd Wgﬁ’@ége grosoger fee pieeir at e,
produci ng adatBRERbWA%E hal gﬁe)ﬁ)l&l‘&\é@ly Ik cBled ) in‘f@r%rle'zﬁisr% tﬁ@é&fkﬂ@aﬁ?stﬁg to(z)?;]e :

100 A, which alters the electrical properties of t bstrate ano
t hi ngs. Thethpsidicemetchpvegssniis., peverming thewseftetban lvtgp vdtiethesttistrdtedh the

mai ntai nin t he chanber cl ean for t ende rocess .yuns is to incorporate
a soft cl egcr%1 4 %gfj P %‘fqgeps mﬂy@melxﬁ?%e%%(e&gggs %Qgﬁfanﬁpﬁ%t %’f“?eg(‘,‘l‘téé;\ﬁmép@)ﬁe Senmpves
t he byprsodudiss vagtaayi thgirdventohealRvsi diedtersiinite Gﬁsﬁtrﬁtéﬁﬂ‘@)tmnﬁ"md% frhout
meani ngfully altering the main trenc rofile, i.e., the width (opening),

depth and sioBisecasss) thBe praspesad betger wehdeabsicrsihanonser ths goawrngandf

sem conduct bg | . QN . 0j r.m.cl ' st,eps._on the
chanber onl @Et&{v@‘é;ﬂ %‘g‘f‘n%‘@? %Ecﬂﬁ%ﬁ%baggc{@f 211? gg% é%eﬁg EJﬁgoc dsd g@%é}%arﬁe Phe enegﬁanber
for 14 WO Ot d5248arPGdpsUS01/ 25391 the fear of altering the profile etched
and damagi ng t he subsi ate. The present. .inventors, however, have

unexpect edl y di scover egf iHhtleamiteRPamARlY iprRlvessr sheprical pragesspi ¢ ofurning

si | i comget chyrBF Sio almBimalgid ' t t£0.04

substrate in t hgyﬁ%hgr?brgi?l}m%ﬁgvsi %@;@r @n%%ynﬁﬁ%%%gfggagaéﬁe(?&%&wg%t;rcgg%?rrpl e,
t he i nt egr athathbet ¢0l radieigster di lsess vaniedizdiurthhephysicehttoiag athiadnmoducgs eat er

nb f subst 10,.000 re. i d
bet neen wet DTS SRR drtnh PSR PR et By MM FRatER | on,
in some i nspeRBERpasdivRichabyerT6grstests &R UppYr eI tRY irédcl. HveRBEthe fOr dry

cl ean steps. The soft clean step primari nt-é I nvol ves a chem cal process,
i .e., turni3oft claan e roypdaihsbpitag comeryeiithe tohchs apdheein in &ig 2E, hesansy e t han

i ni m 23 1 PP RAREEORASRFlabf ot SARRE coRSh, BulB b Suth plhersER g,

trench proftrérehiimiproies tresidpgivetdgy aad ireprodesidevich @effofhanct eThe séfeglearlbecause
passivation |ayer 56 protects the upper portions of the trench. However,

the soft cHEANSIIERPYES Hrdtimpased et Brive BihePSOidhe pHRstaiedRdiremayesthdwn i n
Fig. 2E, be@ﬁﬂé&c@aﬁdﬁ%u%%ﬁé%@&%rﬁ@o}n@%?r tapers off at those corners.
f the

Roundi ng t he "bottom corners o trench i nproves the step coverage and
i mproves devi ce per f oThanlwenistief thefsoft cleemstep st diffemhtihan dreohemisttyeofdaeraged

layer af, the surtaces of thE. SYPSLLALE, A%uials BEURYIrbiSs dlMRLAUSLS, N
more halogen sources such as SFs, CFs, CoFg, C3Fs, C4Fg NF; and CHF;. Preferably,
the process gas also includes a source (e.g., oxygen source) which enhances the
dissociation of halogen sources, or an inert gas (e.g., argon) which alters the plasma
distribution pattern, or both. The oxygen source and the like enhance dissociation of

25  halogen sources but also produce byproducts. Therefore, the optimal amount of oxygen
source or the like for a particular process gas must be determined for the particular
process gas used. For example, for one particular soft clean process where the process
gas consists essentially of CF, as the halogen source, the inventors have determined
that the optimal gas flow range for O, is between about 10 percent to about 40 percent

30  of the gas flow rate of CF,, more preferably the gas flow rate for O3 is about 20 percent
of the gas flow rate of CF4. An inert gas such as argon may be included in the process
gas to more evenly distribute the halogen source within the chamber. The optimal

duration of the soft clean step varies for different trench etch processes. For example,

15



The chem stry of the soft clean step is different than the chem stry of the
20 ani sotropic etch step. The soft clean step includes flow ng a process

gas havi ngoonasnp
NF3 and CHF3. Preferabl

oxygen source) which enhances the
inert gas (tbegoft ckagotep gehérely a¢ede tabe fma foit abmger tihs fariahetdhqmoqesd which,

t he |Ii ke enhance di ssoci ation of 25 hal ogen
Ther ef or e,

source or theThhlks beRiw proRRles h&'ébt%le%ﬁ%‘é
process gas used. For exanple

en sour

both. The Ox%lgga(t)esd'p%rg

sources but®
oxygen
for the particular

e

Y,

fPoduct s.

t he opti nmal

§$c§r tS@&dHrb%Tr
one p

3

nore hal ogen sources such as SF6, CF4, pcdhtso1es¥98, CAFE,
t he process gas al so includes a source (e.g.,
di ssoci ati on of hal ogen sources,

or an
or

anount of

Resietygssm ned

rticul ar

sof t

cl ean pr oceBAVSEhECE PRV 5T anclebe likeytos thegwaliciean s@e@seémtﬁmg tg opé expbddigent he

hal ogen ssou
range for

o tfiep

e@ t n@)’e%ﬂh

ween a

ors have det erm ned
out 10 percent to about 40 percent 30 of the gas

that the opti mal

gas flow

flowrate of CF4, nore preferably the gas flowrate for 02 is about 20

per cent
i ncluded in the process

of the gas flow rate of CF4 An inert gas such as argon may be

gas to nore ’éﬂl-‘é?ﬁ%e‘ili’%trl bute the hal ogen source

Wi thin the chanber. The
different trench etch g

optimal —duratiopn
rocesses. For exanp

t—Cctreanmste

dl%%% 02/ 15249 PC]

varies for
I/ US01/ 25391

the soft clean step gen
process which generate

eral | yPressnets to b

s mra hunradiict o
He-e—RypHeatct

al

-

run for2-g00 mmger tine

ranges for the chanber

=4

pressureYbbias p

D0 Wage (@0, eTar R

enbodinent 5 of the p

for an etch
accept abl e
the like
esent

J

for the soft clean stej
i nvention. Process Reci
(0-0.16 Wwatts/cm) W5

according to one
pe Soft Wiean Ste
300-1, 500 Wwtts C

b Pr eS801eS50R-Woids nir Wb
=4 10-400 sccm Ar 0-40

0-50 Watts
sccm 02

0-200 sccm Time 5-100
was carried out in a DH

5s 200 above

10

sec Talgr 5 10 | h one ex@e400®RBik, Proce
S+
Ar 0-400 sccm
0, 0-200 sccm .
Time 5-100 sec
Table 5

In one experiment, process 200 above was carried out in a DPS+

chamber manufactured by Applied Materials, which is outfitted for eight inch wafers,

to examine the micro-loading effects and etch rate uniformity. The targeted trench

depth and profile were 4000 A and 85°, respectively. About 400 wafers were processed

15

using process 200. Figs. 4A-4D show sketches of SEM photographs of a wafer with

typical trench profiles. Figs. 4A and 4B show sketches of SEM photographs of the

trench cross-sections in a dense region and an iso region, respectively, at the center of

the substrate. The trench depth and profile at the dense region were 4160 A and 85°,

respectively, whereas the trench depth and profile at the iso region were 4110 A and

20

83°, respectively. The etch-rate micro-loading and profile micro-loading effects

produced 50 A and 2° variances, respectively. Figs. 4C and 4D, on the other hand,

show sketches of SEM photographs of the trench cross-sections in a dense region and

an iso region, respectively, at the edge of the substrate. The trench depth and profile at
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chanber manufactured by Applied Materials, which is outfitted for eight
inch wafers, to examne the mcro-loading effects and etch rate

uni f or m two obheadear geted trench depth and profile were 4GRG/¥Soanses985,
respectively. About 400 wafers were processed 15 using process 200. Figs.
4A- 4D show sketches of SEM photographs of a wafer with typical trench
profiles. FﬁhggiensasAeemaweeé&iﬁxﬁ@k@ﬁ%e@p@mvwwpmm@cmm d:dptlthmi trench

Cross-secti LSO re espect.i vel at the
center of @ﬂﬁlé aﬂl%ﬁ% 88?%%%}%9 4ri')eﬁrc‘lh @%4( Hegﬁ?ﬁgbeﬁ%‘f ﬂ’%etgg'r‘t‘tﬁémﬂéhse regi on
were 4160 Aoadidg8hd profits peabilvalivg efdder £a% ddie of tRNebsteePplddand 4rRf i | e at
the iso region were 41101 and 20 83, respectively. The etch-rate

m cr o- | oadi *Hﬁl?aﬁ’&“ﬁ‘?‘i%l TEEPeRtelY- Iwmmgsmme&%wcrﬁmau@wumow@m 2

vari ances, B HEl t her Qw_ sketches
of SEM phot raph ijlr @CXN 3 ?@Hgﬁ%‘?gggﬁfg&%@g&%gﬁﬁlg %@%ggrraetal Foand an

i so regi on, londisgaatiancelof abatt 30AA edgereof t he substrate. The trench depth
and profile at 16 V\D 49 PCT/ U 2539 dense region were 4050 A
and 86, respectively, &%%‘?ngé%w fates ﬁ“ﬁg#d?f’“é“éé‘?‘f? Cnti?rdd’lefq”earﬁt agggkon so

regi on wer estdi9pfdcéssddindf a El@ip&ﬁ%b\é?ﬁx‘énuf;&ﬁre%tbgmé}ﬂfe@ NIRES s thI ppdi ng and
profile mcro-lToading effects at the edge of bstrate pro uced 40 A
and 2 vari apwftied forsaht iricheyafers| A pestopat iosbinary skidl iodirevanilbreabgriize diat U

h d h f f 8-10,
Bna ot oy ¢ ot B AR AR 5 GRe! sl B0t i TSR AR B BRER 2 11 ow

rates and %dmmnurhcemelemﬂ@&arl bed herein are based on etch processes run
in a DPS+ chanmber nmanuyfactured by plied Materials that is outfitted for
ei ght inch wafers. A Perdhe fﬂre&wrtﬂ lﬁéif9Ct§<kt0| Gertaip Rra@ad emppdimentscfdig ze
that 10 th ﬂ{;ﬁ r chanbers
of other de Se\ﬁ% rH/%ﬁt/l%Hr %{[/Hoe a‘lr?r(eﬂl%trh gpgrﬂrrftn) 6m§1§§%wfle% e {6} eg(%% Y]llé&ll S
directed towrthmttalleparpngﬁemmd besrbmixpemﬁtl@ infentibe. Fpr eceatple, ony &hi on, ot her

and further enbodi nents f t he entijon be devi sed w thout departin
fromt hleg]bagfeénaé’é@ﬁ‘eayo?m H%tqerﬁ?lgr%an ﬁteplbﬁgaéﬁ“&rﬁﬂnéh e‘iSHéteQucAﬁthﬁ?Bglh‘hﬁgr nat i ge
may enpl oy e hiboaliés st @ pREEMSvehfibn havieln %E%ﬁbé& g&bvef“ﬁ %&ﬁfé

een descri ove in

speci fic enbodi ments of the present I nvention have
connecti on Wwith tfmlfa@prr@f slmlulowf tr@hhhsomtxxon isencthres stbé atesent istention mag de usde
present inv

| {.
alternatives rﬁh’ﬁﬁ&‘@? ﬁtcglpﬁochng ?Et?eﬁgf‘ r gtliva?lﬁ% °rf]‘§§ﬂﬁ\/%PF essfeesi eﬁ‘pgzged to
be i ncl udedegtdididnits irleentendydeo Bk indh&lel AN thel SOYRIS1 tRpredent invention.
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WO 02/ 15249 PCT/ US01/25391 WHAT IS CLAIMED IS: 1 1. A nethod for
processing a silicon substrate disposed in a 2 substrate process chanber of

the type Waviong24 source power system and a bias power 3 ®wyist®@insiohe
met hod conprising: 4 providing inside the substrate process chanber, the

substrate havi ng a 5 hard mask formed thereon and a patterned photoresi st
overlying t I8 expose portions of the hard mask; 7 etching
t he exposed portions of the hard mask to expose portions of the 8 silicon
substrat;e underlying {he har X t t.er xpasi.ng t he patterned

I , .
photoresist to a fi rs% pl ag&rrrgetggﬂ?gé’?ocfgs%%e%%nﬁlgm}?uﬁ)g{gaﬁpg%%eg’%gs to renove
t he photlor esibstratt poovesshahiberofiths kype hivinparseafct poweedysttnighd 4 BAS PeSeron t he

exposed _silicon substraae g}é .exposing 12 the substrate to a second pl asna
formed froniY38h&naehed CRURTYAE: hy applying RF 13 energy from the source

power system and bi as%)ﬂégidiﬁ‘geinﬁ)ild@%@subﬁ%é grotcgs% B ﬁ'lte%hbﬁfcﬁ%atgéé}g a,,

transferring the substrate out of the subStrate processing

The net Bod lfrd shagk fermedwhereen andempditeofediphetoresést omedyihgithe hardomngki toul ar

wi dt h, pth, and slope,.the nmethod further conprising: 3 exposing the
sili co_n%gub%’iplpﬁ?801%8n§0qtﬁFF‘gafdﬂf’§ ma formed froma third 4 process gas
includi ng a hal ogen sewkiag thdexpdSedoRdiisal eheXiRE BRsk (I APRES poibMOBHthd
appl ying bias power or applying mninml bias power to renove byproducts in

the 6 prioce¥licahuwplsste upgrshisagthe harddpelkh, depth, and sl ope of the trench

are not gsignificantly .y, Lgni.ted fro he. third
process ggsgas. 1 3. Thethr?gaetaﬁ%%g%&q%@élhérp%&hvﬁs reltdr{gs?%ttéog)@ﬁ%?pﬁé]—aﬁﬂgg% licon 2
subst r altle- t fhera-gliaspracss @ps icsremeré tHerphotdiesistfont the hpat leskned photoresist is

renoved.., 1 4. The method_of claim2, wherein the exposing-the-silicon 2
subst r atle- t o- a- pl asnatheteafier stchmertenalss ogrthe exnosed elienn subbteate B cxpasing
etched.qol 5y i j [ ned- 2
phot or esi st - '? -(g{?gs-t{gréatg%%egéne llgér{lg% %Ogggﬁﬁ%ﬁinﬂ?éﬁ? g‘? ﬁ’;& E%?tgﬁ%b%?@éggg%anber at
a | ow ph3essencegyvfivinghe spued pavarisgster aph biasingghes plasmoa tdverd itesubgitats mad <5

[l onng pxygen 0as | nLg, e DSl B it B 0B s 00 18

2. The method of claim 1, wherein each of the trenches has
particular width, depth, and slope, the method further comprising:

exposing the silicon substrate to a third plasma formed from a third
process gas including a halogen source in the substrate process chamber without
applying bias power or applying minimal bias power to remove byproducts in the

process chamber, wherein the width, depth, and slope of the trench are not significantly

~N O AW =

altered by the plasma ignited from the third process gas.

—t

3. The method of claim 2, wherein the exposing-the-silicon-

substrate-to-a-plasma step is performed before the patterned photoresist is removed.

1 4. The method of claim 2, wherein the exposing-the-silicon-

substrate-to-a-plasma step is performed after the substrate has been etched.

S. The method of claim 1, wherein the exposing-the patterned-
photoresist-to-a-plasma step includes:
maintaining the process chamber at a low pressure while exposing the

photoresist to the first plasma;

wm W N =

flowing oxygen gas into the process chamber at no more than 500 sccm;
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6 applying a bias power to the process chanber. 1 6. The nmethod of claimb5,
wherein the process chanber is kept at 2 no nore than 50 ml, the oxygen
gas is floxEgd/sifo the process chanber at no nore 3 than G/ swmeAs3eand t he
bi as power of no nore than about 0.16 Watt/cnR is applied. 1 7. A nethod
for processing a silicon substrate disposed in a 2 substrate process
chanber ©f the type harRlyigea Masuoner gothe preppsrchamberd a bi as power 3
system the nethod conprising: 4 providing inside the substrate process
chanber,; t he substratg havi r tterned
phot or esli st overlyi ngG't he Egggﬁwggkﬁ?%%@g%g%g{ﬂgggfécg%sﬁg#}lbgﬁgk%%tﬁdg mask,
wher ei n 2 henphwtothes S8 mBibe biyzehgadisfisiediaoehaprodest ichahbdrhit akaess and a

second thickne respect. vel where the first thj ss of the 8
phot or es] stt%?gﬁﬁgs?fﬁ?’@n :ﬁké%bl %B‘ﬁ ert%“Bé“‘Fﬁ@@@&?B‘r‘@‘f%s‘s 8gpPliefe hard
mask; 9 exposing a first plasma ignited within the process chanber to the

10 patterned photoresyst andmg@bd f&tproRbsihde silidbdlsumkte dppeR@nbhe hard
mask and defining 11 hard mask openings, wherein a portion of the

patterned pHbsBEPragesy chagdgs ohthe typehayingraseitce POWexHISimand heiappower ned
phot or esj Stsjs&n‘?tﬁc?ﬁ@ﬂx@ %ﬁlzﬁ'g]—tnhgni ted 13 within the process chanber to
mal fi p ofl I's

strip the r I i ng ore fromthe hard nask, 14 wherein the

remai ni g phot or esi st plading ingide dhd dubsteae paoceskThumbér ietsabstrats ledvinga

t renches. of rticular depth on sel ected portions of 16 silicon substrate
under | yi-hg e %ﬁgowgktg%ﬁ%P%%Pwr%éﬁﬁ@r%aﬂ%twer pg thediogd masketot hird 17
plasma igni¢ hoitioRs bfe RARGRSk, VREEREhe PYoBRRIsY m t he
source 18 po)\%e;)rsg\is)ystesm ang bi asi ng the plg n%t%t O%%@ﬂpggmgﬁﬁ&ssg?ﬁaaﬁg and 19
t ransf erk i nfirst thacloebssandat second thidknedserespastivelss where dedast thipkodsawbare. 1 8.

The nethpd of claim 1 wherei h.of the trench 2 i cul
i dt - dopt RoGEsCE Qe RE P Aot Rt Roni BiAes: shghe BRHSE ng | he

silicongubstrate to gxfRiHgtd¥ill PasHa igankd @ﬂhmth@F%cééa%hénBéﬁsﬁ%s chanber
froma process gas includi ng a hal o?en source in the substrate process 5
®

chamber G t pasternegimhiolarpsistiang popione ot the hapshingskg opem thedlardyinask gnehdsfining

b | i i dt h, dept h, d
Gl ope of ¢ PRk e nks SHRETF EBS AT partlfh Bhllatelfe Mbhlmdd R 1 FTC
fromthe third processhegaster, EQpoMhDRE poiRdReRbL6IEAI 18 238bnd bl maTipeitsdet hod

of claim7, wherein the first thickness of the 2 photoresist is no nore
t han abbut Yibm tE_e process cham%er to strip the remaining photoresist from the hard mask,
14  wherein the remaining photoresist has a third thickness;
15 thereafter, etching trenches of particular depth on selected portions of
16  silicon substrate underlying the hard mask openings by exposing the substrate to a third
17  plasma ignited within the process chamber by applying RF energy from the source
18  power system and biasing the plasma toward the substrate; and

19 transferring the substrate out of the substrate processing chamber.

8. The method of claim 1, wherein each of the trenches has
particular width, depth, and slope, the method further comprising:

exposing the silicon substrate to a fourth plasma ignited within the
process chamber from a process gas including a halogen source in the substrate process
chamber without applying bias power or applying minimal bias power to remove

byproducts in the process chamber, wherein the width, depth, and slope of the trench

N N B WD =

are not significantly altered by the plasma ignited from the third process gas.
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1 10. The nmethod of claim9, wherein the second thickness of the hard 0 2
mask is no nore than 1500A. 1 11. The nethod of claim9, wherein the first
t hi cknesswefo2iiBg9 2 photoresist is no nore than 2000 A 1 pldyusbies3set hod of
claim9, wherein the third thickness of the 2 photoresist is no nore than
900 A. 1 B. The nethod of claim9, wherein the trenches are etch to the 2
depth of about 3000 A. 1 14. A nethod for forming a trench isolation
structure on a silicoh 2 Thpweihad of dpipdsuberein the Sisbdickacss ¢tkcess chanber
of the typ H&@&w&l@n?%rg@a QW& 3080 RYSstem and a bias power system the
met hod conpri si ng ransterring the substrate into the substrate process
chanber, the 5 substrate having a hard mask forned thereon and a patterned
phot oredist overl yi ngl@.he Tke mathdd whslkim 9, eherhinribe second thitkadsspefithe ardof t he
hard mask to expose porti the 8 silicon substrate underlying the
hard ma?k; r@asﬁ(ﬂgpgé‘?‘g&thaﬁm& ng the photoresist by exposing the
photoresist to a 10 plasna ignited within the process chanber; 11
thereaftier, etching the expesgeihdilof @i SUREEERLRe Ayt ﬂﬁcﬂ@x%&sﬂﬁ”th@e 12
substrate to a plasma forned from,a first etchant gas by applying RF energy
fromthe 1@%@9$1$ésp@me§%t2@99énd bi asi ng the plasma toward the
substrate; 14 igniting a plasm formed froma second etchant gas-including
a hal oggn 15 source th ﬁ{m pl yi ng bi as
power o? appl yi ng no m?%é#ﬁ&%a%??gﬂé\g ‘%ﬁér@h |dad§kk€év%/gﬁ)f o remove by
product & i rpltolucaes;istdseemccé\&mh@oo 7 and 18 transferring the substrate out
of the substrate processi ng chanber. 1 15. A substrate processing system
conpri si

2 ghs GISCr i buti on syEhem EBAREGRASACRER P BipGatbe Bt R R e 4

process 2¢ haddpet of dboat pdgsAp generation system configured to forma plasma
wthin the

1 14. A method for forming a trench isolation structure on a silicon

2 substrate disposed in a substrate process chamber of the type having a source power

3  system and a bias power system, the method comprising:

4 transferring the substrate into the substrate process chamber, the

5 substrate having a hard mask formed thereon and a patterned photoresist overlying the

6  hard mask;

7 etching a selected portion of the hard mask to expose portions of the

8  silicon substrate underlying the hard mask;

9 thereafter, removing the photoresist by exposing the photoresist to a
10  plasma ignited within the process chamber;
11 thereafter, etching the exposed silicon substrate by exposing the
12  substrate to a plasma formed from a first etchant gas by applying RF energy from the
13 source power system and biasing the plasma toward the substrate;
14 igniting a plasma formed from a second etchant gas including a halogen
15  source in the substrate process chamber without applying bias power or applying no
16  more than 0.16 Watt/cm? of bias power; to remove by products in the process chamber
17 and |
18 transferring the substrate out of the substrate processing chamber.

1 15. A substrate processing system comprising:
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6 substrate process chanber fromgas present therein; 7 a bias power
generation systemconfigured to apply a bias power to a 8 pedestal; 9 a
substr at ewlg@nsier system configured to transfer substrat ggtidop26909¢ out

10 of the substrate process chanmber; 11 a controller for controlling the
gas distribution system the plasma 12 generation system the bias power
gener at i%n syst em anda SHBIaGHEeGesT hambsfisf er system 13 and 14 a menory,
coupled o the contro :qtane nr LSl adabl e
medi um h3avi ng a corrpu% gg%‘%&%ﬁ%ﬁ%&&?@%@éﬁ%ﬁ %Ca%erlﬁoﬁth? (S)L%D%g:étr%ecti ng

16 oper &t i oproodss chanbathbst rat e process system the conputer readabl e program
conprising: 17 (i) conputer instructions ghat coptrol the sutg,strate

transfer systemto 13PISRASFRGrAUONSISEMSonaepssd &0 {4 aplawRs ¥ithinghgcess
chanber ¢ t hgipsithe brekss élﬁ%rb@_ﬂfr@mfg’]aﬁ PredBiit fherdifl; formed thereon and a
patterned photoresist overlying the hard mask to expose portions 20 of the
hard mask; 21 (ii) coapiss@pwehganeation syssem honfigioerd togipptyreebips pewer tgener at i on
system 822 to _etch the exposed portions of the hard nask to expose the
si i con Subks¥Hfe underlying 23 the hard nmask; 24 (iii) computer
i nstructg ons that conjkeistrhie@ranbfRs SRtcae fRifRutddno $MaifEMubPattLinty@RISGutt he
patterned photoresist to a first plasnma forned froma first process gas to
26 renple t plethpRdIstRieqiraeess eamlicie hard mask after step (ii); 27 (iv)
conput efy i nstructions r . r at | S 28 and the
bi as po{/\}er generat i onaggl?%oérﬁh? ocgb%%ﬁ]ﬁ ¥ glr? gglsgﬁlﬁgggﬁggé%gb%con
substrate g9ehyioaxpasmnthetbis pwes bk aioncystemennintle pilnstw tfasfkesystengm a
second process gas by 30 applying RF energy fromthe source power system
and bi a ngaltdne pl asma toward the 31 substrate; and 32 (v) conputer
I nstruc{4 ons that con fRE naYdr fad r the
substra%‘ie out of the él'i}%gﬁrgf‘c éﬁ rgt(t:%g{g?r?g&(?ﬁ’ntgér. 21§HM]BHSu%g;aE&‘m}éﬁ:ﬁ'i3

15  readable medium having a computer readable program embodied therein for directing

16  operation of the substrate process system, the computer readable program comprising:
17 1) computer instructions that control the substrate transfer system to
18  transfer a substrate into the substrate process chamber, the substrate having a hard mask
19  formed thereon and a patterned photoresist overlying the hard mask to expose portions
20  of the hard mask;

21 (ii)  computer instructions that control the plasma generation system
22 to etch the exposed portions of the hard mask to expose the silicon substrate underlying
23  the hard mask;

24 (iii) computer instructions that control the plasma generation system
25  to expose the patterned photoresist to a first plasma formed from a first process gas to
26  remove the photoresist from the hard mask after step (ii);

27 (iv)  computer instructions that control the plasma generation system
28  and the bias power generation system to etch trenches on the exposed silicon substrate
29 by exposing the substrate to a second plasma formed from a second process gas by

30 applying RF energy from the source power system and biasing the plasma toward the
31  substrate; and

32 (v)  computer instructions that control the substrate transfer system to

33 transfer the substrate out of the substrate processing chamber.
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