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[0005] Among the set of process variables that can be adjusted are the process time, RF
power, chamber pressure, gas composition, gas flow, substrate bias, RF frequency, etc.
However, although in theory it may be beneficial to optimize each variable for each plasma
process characteristic, in practice it is often difficult to achieve. Very often optimum process
conditions can only be maintained within a narrow window of parameters, and hence not
practical from a manufacturability standpoint. By adjusting one variable to improve one

characteristic, another characteristic may deteriorate.
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[0006] In general, the etch rate is typically higher at the edge of the substrate where the

Jocal etch rate may be dominated by either chemical reactions at the surface, or by limited
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which as a result have unsatisfied chem1cal bondlng and are chemically reactive. Since they

have no net charge, and therefore are not accelerated by the field or are not attracted by
charged particles, they tend have a long lifetime compared to charged particles. Neutrals are
stable, having neither a positive nor negative charge, nor are chemically active. Generally,
two of the most important parameters are the number density and energy distribution of the

electrons, which play a central role in initiating and maintaining the plasma.
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[0014] Referring now to FIG. 4, a simplified diagram comparing etch rate to pressure
in a plasma etch process is shown. In contrast to FIG. 3, all other plasma process
characteristics held constant, in general, for physically dominant etching, increasing pressure
will tend to reduce mean free path, and hence the number of jons available for etching. That is,

by increasing pressure, more ion collisions result in decreased ion energy.
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substrate surface, the etch process tends to be less physical and more chemical.

[0019] Referring now to FIG. 9 a simplified diagram comparing vertical-ness of etch
profile to RF power in a plasma etch process is shown. All other plasma process
characteristics held constant, in general, increasing RF power tends to increase the number of

ions and hence the vertical etch rate and subsequent vertical profile. As previously described,



substrate. However, as before, increasing pressure
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ions available to reach the surface of the substrate.
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substrate etch characteristic are substantially optimized.

[0023] The invention relates, in another embodiment, in a plasma processing system, to
a method for optimizing etching of a substrate. The method includes selecting a first set of
plasma process recipes including a first process variable, wherein changing the first process
variable by a first amount optimizes a first substrate etch characteristic and aggravates a second
substrate etch characteristic. The method also includes selecting second set of plasma process

recipes including a second process variable, wherein changing the second process variable by a

second amount aggravates the first substrate etch characteristic and optimizes the second
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rst s Strate etch characteristic andaﬂg ravates a
Thesmadmddilss irdudea plieraating betveeatheditstalasma ragRe dpasma

recq:xh gvhgrgl%s é)%g lc&%&feﬂ g‘ietﬁéjﬂgm&ltlﬂg qﬁ%ﬁfspﬁﬁ%té &6l El?aracterlstlc and

process va wher ei n changi ng
the $ebendssabantt gelocdasstevigic aadaisléastbytwélymbmmdarm unt

grava S, t he. first subs rate
[00?%& i i Z %g)élg%lﬁtgs ., %no%her%, ci&Ent E\ar shas e r(zc%elkﬁnggﬁtem to
an appRatiBEda| egltufﬂztrtgl‘eedfhmg‘tﬁlaudlmmo gt lapparatgs iaclsddssnaans for e¢lecting

a chuck in a plas n chal and LK
o g TR PR TECPP IR TSRS G Ernga chpipit o
pro&?g NREbiabS Q firfiGiddBtopahiARE Bfkdt Behbshek wRARhirbaedsdticahd aggravates
pl asma reci pe and the second plasng re

a seo@uirsubsasl abeh haragteristice The pg?aﬁaégq Eﬂﬁf’ m[;lﬁéesfn?qag%or see]ectlng second
plast 3%6&%( r§01 L Gl Actsan! g%c'egs VAREbIE NehetSE O g isd Je8dr

ara terlsilc are substantially optimze
pro@e@ﬁ%ﬂabmbg ai snecawdteinonniraggravases, the firsh peishiet ctehBaaRGiwsistic and

R

pos&ﬁhili@talsﬁlgst@te]tdnr aSc:huslein aqﬂaspiaq:smsqmgxdmg@erg aui gydlsing a plasma
inclu afirs var

withig rerhiosa ipsseuss iR e el fvo PORHE RO R Hlliine

betRednl thtirsBpBShd REiPe @hdCiie SRandplaana gbipe, \ﬂredelmgg)‘mmtpdxﬂloa of the
second substrate etch characteruﬁtlc

altqrma@pgbd]@psﬁ@bqu@gfqt%@tc]g ehamsteristis angds (b?eg(gr}pasu §t{% QE%Q charac%rlstlc are

sMﬁéﬁ&ﬂ&%-&ﬂE&Hd'ng a second process vari abl e, mhereln
ang 8 e second process variable by a second
[00asipunt  agsecandtoder fapirdsiof gie prensatingndior pélhbe Jescribed in more

det@ﬂ%{l &G En ths %taﬁeda({%gcrﬁy?gﬁ E% tgg Htﬁonsﬁﬁ%gtﬁﬁ&ﬁﬁﬁ@@vﬁh &eGhllowing

errs er 1 ncludes

figmesi tioning a substrate on a chuck in a plasma
processi ng chanber; and striking a plasma within the
pl asna procesiﬁﬁ@Fdﬁﬁ%ﬁéPTKmh@FmﬁﬂbEEUdNEﬁ3$ncIudes

al t er nat tmeen 1 he st .plasma.r
0B8L o B drERep RN ikiskf B SRT B LGOS aR Doy of
linfth &, Bethé Nfure$ bEthé h&c‘éﬁlpaiylil%t drav@gehehin G?hmhdlkbecﬂeshcecnumerals

and the second s bstrate etch characteristic are
rﬁ@ﬂ%§®ﬁHﬁPS¥WWSBE¥WﬁﬂE . [0024] The invention rel ates,

[odtz'?] anot hegt. ¢RRGH ABRbIifidddidrith 35 PRsRE HOESShE Gyssens t@hponents;
(@) .
[0028] FIG. 2 shows a simplified view of a plasma etch process;

[0029] FIG. 3 shows a simplified diagram comparing etch rate to RF power in a
plasma etch process;
[0030] FIG. 4 shows a simplified diagram comparing etch rate to pressure in a plasma

etch process;



an apparatus for optim zing etching of a substrate.
The apparatus includes neans for selecting a first
W@b@siesopr ocess recipe including a first proceBSI/US2005/045725
variabl e, wherein changing the first process variable
b% a fltrs_t a_rmuntdopti mzes a first substrate etch
characteristic and aggravates a second.substr
[003dhar act G- Stshews T H@ng%@i&gra@ Ca@@?qgr}’éllﬁa’a%@' Wgél[ﬁgoe"it'eg Pn a
plas%glegﬁgwggsssecond pl asma process recipe including a
second protess variabl e, wherein changing the second
[ooafa; oces sFI\kﬁ)h 6ishbivea Biyphfiebdiagramsepnatin P E)AY OPresigre ma
irst substrate etch characteristic and optim zes th
Plasma e fT¢E st rat e etch characteristic. Thepappar at us °
[0033Yr t her FIG1C1 shdes a ieptificd dingrpusiotiparingwgleatisibbiothianevesin 2
| a chuck in a plasma processing chanber; and striking a
plaspRECHRTACEhi n t he pl asma processi ng chanber. The
[ooZpPar at ueG. & shows Aeiipiasd diagnm doatparhg eteetivinny Hessve ére plasma
t he fl'rst pl asma reci pe and the second pl asma reci pe,
etchifiededsin upon conpl etion of the alternating, the first
(003305t T 5.8 §BwS hamitied ikl AtpaibevaRaDREsUbRh P o RF
etch characteristic are substantially optim zed.
po“[eﬁﬂi%glgsme%@m@m&it her features of the present
[Ooﬁjvem i glﬂ?\é‘fé)l Jgogga g’ig@ﬁﬁé@&i grlath c%ﬁfp@rin ¥eitidal-REds @eich profile to

e deta escri ion of the invention and in

preﬁongj(i:gmplahmmemhpmctdse follow ng figures. BRIEF

| P CE THE hlﬁ,;s . T qﬁ,gg,rg ;
003 Hvent i :[1(91\151 ﬁhmvﬁ%tg ‘f%agé\re{% yo%lgi%g%tcgﬁger%g{te, ar? dac}rﬁlg‘t/edt?y
alte&ﬁ@ﬁng)imbﬂg’ﬁ $eBbf &Iﬁnpldmibntdﬁﬁ efch grocess rexfipes Frecardingrip amsgnehydiment
¢ draw ngs and in which |ike reference nunerals refer to
of th¢ Wy¥¢MPNel enent s and i n which: [0027] FIG 1 shows a

[0058]"P! i f ired. P H@AMsEHstRliAREpLRIAC EsifinAdy Syrsmayrbe achieved by
conponents; [0028] FIG 2 shows a sinplified view o

: ] f f a.
alteplagisgramenghsqh Phewemnty gich Pr@SSSG%%V%C%%&% 1 rggiment
oftﬂ%ﬁﬁ&ﬁf&?onpa” ng etch rate to RF power in a plasma

et ch process; [0030] FIG 4 shows a sinplified di graJn
[0089Inpar | MiGel Tshomstsubstanginlbseniiaumy peleptiping hagmay bpachieved by

alteg%eﬁj%g%%hégo rl%) %:Jt g Eénrﬁsﬁlg:/rg?r%ﬂgé@dag)rgt'regmhﬁgés,e&cgﬂdﬁ@ 18 '&hle embodiment

we pl asma etc
of {pE aResion;

[0040] FIG. 14 shows a substantially optimum etch profile may be achieved by
alternating among a set of complementary etch process recipes, according to one embodiment
of the invention; and

[0041] FIG. 15 shows a diagram showing a simplified method for sequentially
alternating among plasma processes in a plasma processing system in order to optimize a

substrate, according to one embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0042] The present invention will now be described in detail with reference to a few
preferred embodiments thereof as illustrated in the accompanying drawings. In the following

description, numerous specific details are set forth in order to provide a thorough



[0032] FIG 6 shows a sinplified diagram conparing
uniformty to pressure in a plasma etch process;

WO 00@88§s9F G 7 shows a sinplified di agram conpeeT/mg2005/045725
selectivity to RF power in a plasma etch process;
[0034] FIG 8 shows a sinplified diagram conparing

undef095E OFihe preseubeansh-oi i P FEAEHT AoV T S Aan g o theart

that th€ fnte'sé?l@ln\/@@cﬁﬁl rﬁ’zf L2 éﬁibtlﬂémlth@t bemdfr aflofetiese Epemﬁnlda&ﬂﬁ In
etch process; FIG 10 shows [

Otherdnagwa%n“@adéﬁawn Aipocee iepe a1 reBueiges BEioppisp et in detal i

orde%%ﬁ?‘lﬂ{n@césgarﬁy %sm SRnPhogess; [0037] FIG 11
a su stantlally optimum etch rate that may be

[004§]f hi ev agh iy n@vhieifab iR Bo héor§ at is BkliceaBY GidEiRteatoy herein
process reC|pes according . to one enbodlnent of

that msamtmﬂs epiioat plzﬁs@@%qcess charagtpristies (e s siten tHEn (Y
selecgﬁﬁp{,i mf'crﬁlp%ﬁlg oe?m daf bk Dalie Y% Qﬁelﬂﬂm S¥RA g R el icempRikAEry

conp enentary etc rocess recipes,
etch pfbeesrs debcri;@s,t @achniwidnibody hevet andhiverfeatfeehoarihe plasmg possg

charyigistic TR0 00" By B P ARSI B bl b0
sele&ﬁ)l’ﬁa|vﬁﬁﬁfﬁts@6dhd%tdhfprweme61§e mag hpeshe q:!posxtechffagt to one
enbodi nent of the invention; [0040] FIG 14 shows a

[0043 tbst an$y ayding @pﬁltemaﬁngba?/em O ielck prmyssbeclmsmhewdmbylg and
alternating anong a set o ntar
g e p ARCCtRIP PSSt BoB AR R B O ety s ﬁ%‘ﬁ%?‘i‘ﬁ“y

optnﬂgﬂqes[ug%%oé lp@isma- ér&%%atﬁctgﬂlsﬁgi aIﬁ’ﬂoﬁQ embsdimant, the process recipes
sinplified method for sequentially alternatjng anon

mayble aliernatpd oeessyery few S%?Opd%éﬁanghqg@g@gqhﬁ@nggggg Srqcess rebipe

crea%ng%@‘}esg ?Qét | H.Z 6L WRsh bRl i, REFS et $r8cR8Rcipe creates a
the I nvention. DETAI LED DESCRI PTI
conéEbEeME&ERREBtrﬁMB@IeIVMF&r embodiment, the substantially optimal result isa

set of points, or region of values, representing plasma process characteristics

[0045] Referring now to FIG. 11, a substantially optimum etch rate may be achieved
by alternating among a set of complementary etch process recipes, according to one
embodiment of the invention. All other plasma process characteristics held constant, in a first
process 1104, at low RF power, fewer ions may be available in the plasma to enable the
chemical process by striking the surface of the substrate. As RF power increases, additional
ions are created, enabling the overall etch rate to increase. However, increasing the RF power
still further stabilizes the etch rate, since the plasma, saturated with ions, has a smaller mean
free path. In general, the smaller the MFP, the smaller the amount of ions that reach the

surface of the substrate.

[0046] In a second process 1106, increasing pressure will tend to reduce mean free
path, and hence the number of ions available for etching. By cycling or alternating between
the etch process recipes, the optimizing and aggravating affects of each process recipe can be

averaged out, resulting in an etch rate in optimized region 1102.



[0042] The present invention will now be described in
detail with reference to a few preferred enbodi nents

wo b@seefo7as il lustrated in the acconpanyi ng drBOU/D§R05/045725
In the foll ow ng description, numerous specific
details are set forth in order to provide a
t hor oughunder st andi ng .of the sent inve

[004%j | | gRﬁypag oW 1o Hiéndvet S“bfté‘}%@ﬁ% ORI & “’rm‘E" "w beachieved

by altte!?x"f'e’fung Iaﬁ’lo é g §e% BE‘ cérﬂﬁl@l‘%ﬁt@@ cfBRYprdeesspecipds, aedrdivigtth (oud:

ese specific details

ebidisbaat 65, invelion KA BAHhepP SEESEOSE LR B TE BT o it
procasﬁ:iz% éSE 100 p QESChWRE fi)ﬁh Pafl8t Aatlat®i0the Qfas&@tmhble the

sari obscure the present invention, J 1
chenhibdl |peoch);tby\fstrﬂ<lmg1@e sarfive obthe weabshgtet ﬁéWOWG{ 1cheases dditiona

ions g%!( o:r%efcfj BT%E %ﬁl DVSHLRL r;ﬂg [Sh&edsB aﬁo%pe?t Anhdrélslnore etchant

cess characteristics (i.e., as etch
availaBleQt thd RUEOSMhd s)u,bstSzeé geh vthe yqnteettbhectge@tqm rete tedg to)becgippter

be achi eved by altern
thané)@ﬁﬁﬂn@ﬁgﬁp 83 dg(frgzﬁn&, g @gtr?%% Blillg)rmlty gégr%£s1 g t\lj\l;”Rgﬁoxr)Tv%/ still
furtﬁ@:ﬁgfﬁm‘afés HR\@smE valhli86d, rédcibg tepd frsamatipr ocess
aracteristic. That is, a first etch process recipe ‘
[0048RY | "PILY RcidGhodend [:‘Zdﬂ,ltn Regtlainitiatly Selresingprasyyre alg Ingreases

a second etch process reci 0 os te
the efflfaptiransp@opdhe wsw% pyrfage; &ﬂuaga %/18 %Fa???lhrﬁ?ebbe G5gge and
centgrg ézthche%)gu% Re 1 éVQ?SincrEﬁﬁlg%ésbLﬂb ﬁilﬂﬂlﬂﬂ&ﬁbaﬁ@ﬂfﬁhﬁplﬁﬂm with
eac process recipe can be average,

ionsrvelsich alsnpdilaes mesmfse path aad hgnos Hhe angunt @idpns aVP‘garb?fhtB dgach the
surfgc}eocg n’@ X u&%c a?ep 23Sy %[ﬁ‘%éregl efthali betx!véanH@et@ﬁ'PR)@ésgﬁéﬁpes tthe

a tern ted once every few
optinBANNSEl aglgﬂwﬁmgtdfkbts efibantiipneags, recipef Gande aperaged oy, restltipg in

creates a convex eL%gct on a substrate characteristic,
unifgFnite P PEELES Hegﬁ?rb s recipe creates a concave effect

on a substrate. not
[0049]pst anthe IHRE RAYY M-%[F:‘t Ilg, p antlag)(grg[ n%‘?tselgclttﬁ{ﬁ% ma% Pe achieved
by a{lﬁﬁiaﬁﬁ% o ééeﬁf con@PERERAY el pices mlpmsmm@gmg to one

emc ar Qarg ﬁig { h[g ISH: Vly’v Icl: Tz(m IO/g@S Re{a‘S %{a&{rgc%ﬁsa%a@gteg&%‘is é‘vé gb%s%ant in a first

pro@ésg e5natd %&ﬂe@ﬁ%@ea@mﬁ ®F Rwef RIS BRA kéleativity sicptho e’&h$)rocess
i ped, “according to one embodi nent of the invention.
ten@d tb botrrlrm!q: pipisiegithe prrowierss) andleacthemiceti cs hel d

constant, in a first process 1104, at |ow RP pawer,
[00B@Mwer | dna sn:w;ad peocassali30aEn genefﬁl,tlﬁ@e%}%%ssgra t&gﬁgm igerease
seléc[‘r]llggcf Eg{g‘g 1 ﬁgcseﬁiﬁratgg with iddS] 138 a%ﬁ@lléwpcﬁn&f feWB€ions are

OWer i ncreases, additional ions are
avdil&ﬁla&@fiac}eﬂhabibsmge tsiméaaawhc eilch protesh tands t hedess physiggb and more

However |ncre e RF A
chemigg); By gé:émg ﬂrea ng E?tg/ee% n\é\%ﬂ Pﬁ)tcégs e 51?% #1656 grrnglng and
agMdafink @fFSots cff%‘éctﬁpfé%ls keiperta@be averaged out, resultlng 1n a selectivity in

optimized region 1302.

[0051] Referring now to FIG. 14, a substantially optimum etch profile may be achieved
by alternating among a set of complementary etch process recipes, according to one

embodiment of the invention. All other plasma process characteristics held constant, in a first
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free path. In general, the smaller the MFP, the
smal l er the anmount of ions that reach the surface of
W b@6seost rate. [0046] In a second process 110BCT/US2005/045725
increasing pressure will tend to reduce nean free
pat h, and hence the nunber of ions available for

etchin By cycling or_alt [ bet
proc s L et et A e oS BP0 iy 1 o
the V%;t{cgllcett&l Qe aﬁ@gthasgr% GERStidaPBoRR. Can be averaged out,

in an ch rate in optimzed region

[005%];02 [ 0191%@: %c%!ssnlgm' QWgEIQ:raE' a@prels?ure &?s iatrbsta it attiopl-ness
nun]un| %

be “achi eved by er nat
of tha nmh@rc&ilsédcrqaﬁesc@m tBorelayes, atepier "ﬁtho‘elé% Easraese?abis’gMFP Since
fewe&%ﬁlg Iratde Qrgllgb?e QN R HROLLERR subbhcd B2 etdh\RBdesOBss pliktical and more
process c aracteri $tics held const ant,, |n

chengicdli IBs'tcypimg(De aBeriIléIﬁh@, be&tzeehdw R NIeRReT recipesphe inB}ﬁ]éZl%'Sl}‘l
be avag%am

n the i
seapyioE ey et RPRG irouy PEEREPA Byt RQURRFAE St grofilen
optifize® RWRIn 140Lr eases, additional ions are created
enabling the overall etch rate to increase. However,
[0053F bt ?e r tForl ?ﬁﬂ@t@ uﬂirﬁémmplaayac}i probess it a L4re Restgehailliative 9400
substrate an at the cente h dsi
DS Mol g AT ELoE B B B Py G B b wo

rec1éJ§.e ﬁsﬁﬁ?ﬁre&ﬁé Fay Hcle NSy 50 $Bf! Frossuig 5 01hfbr1R|FCB PORBEL: 5 00watts,
ti urthe

r saturates the plasm with
biaslafy ftimese | paachict Olflids the peoan e o ana%s“er&&@?%éé?% pictsure:
60nPS (?14 §ob%b4tt¥ HiRACH SRR Rifle:RY K851k ETAS SB@nbieh of Q8Sa3N be
c transport to the substrate surface,

repeﬁwdtalhi]rrmnylgslsheed@dch rate between the edge and center
e strate did
008, her REBPH S TRLE L R BRAIEs AR b e

al so
seqictbICEsterRang dmey Plati pracsch éna platrthepranessing systen presder to

Optlg;%l!} 5 ls%eﬂtg gfc[ogcfﬁg{qt cﬂ% 2 %{}\@%ﬁt c&&lét 121t$ec %%9 Sfmt@atllg a gyst plasma

pro&%ﬂe@ﬁo% is delR6te@ RidIWHIZE NrsefdcR3YBrRYR] wh@emfchargirg thé first process
each process recipe can be averag%d out resu

varabkgmyfadirpﬁaﬂyunq»pp@mlzqﬁa{gg sp@gptsﬁ fbgactfw& @?‘5 aggrgvaltes a second
subﬁ?%tg gtﬁl %reﬁ%‘ﬂsﬁ@ aF ét&) 151(9 Nx6 W BSoAd plagthd Probgt ketipm 1nclud1ng a

be achi eved by alternating anong
secad promsk ebhicar §P1@t€tﬁhWb¢r9@e°b§1gmdh?> %on%@e%ﬁsw«ﬁgab@doy a second

am%t}rg e@gvageﬁ gl%% t subgt (?e éta}\:a‘[} ddc@ﬂstlcﬁ{nld o%hﬂl%res e 38dMd substrate etch

rac eris constant, 1n a first
chaPdcReRES, alépl] 504N Ngen ersabstraﬁems:poea@nqxgorm:c}p@]w@ya plagmgprgcessing

chagép([ég as e efSk)lg A(piasgllaqg &lﬁ]ﬁlf FUSF w tlﬁ IP'J’IQ gﬁ? ér%@«%?ln‘é QhJ?ﬁ)er at step

1508. And ﬁnally, the first plasma recipe is alternated Wlth the second plasma rec1pe wherein

upon completion of the alternating, the first substrate etch characteristic and the second

substrate etch characteristic are substantially optimized, at step 1510.

[0055] While this invention has been described in terms of several preferred
embodiments, there are alterations, permutations, and equivalents which fall within the scope
of this invention. For example, although the present invention has been described in

connection with Lam Research plasma processing systems (e.g., Exelan™, Exelan™ HP,
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[0050] In a second process 1306, in general,
i ncreasing pressure tends to increase selectivity,

W@ Rwee6one pl asma, saturated with ions, has a BOEUE®D5/045725
MFP. Since fewer ions are available to reach the
substrate surface, the etch process tends to be |ess

ph%fical aq% nor e ¢l enica&. By C cIing or al ernaﬁi%?hmﬂ

Exclpet VRER 26 AEe  ery 5 ttisde b aiieh B8R REeDE R ITirgan v

This3Hna¥ by Bs@bé aeliswit suBa@ies Bf @ERYS diafriepde a0 enm, 300 mm,

averaged out, resulting in a selectivity in optimzed
etc.)r dighowld als0 e npted thef threerass mr%al‘ﬁewﬂtf%wwéf “‘fal,e‘%ﬁmmg the
nwﬂ%ﬁ?%fﬁgﬁkg&ﬁ¥ﬂ@9ﬁ&fun1etCh profile may be achi eved by

ernating anong a set of conplementary etch process
[oosr&fc' pesAd&%&%@Qbﬂﬂe IReRRS IRIRR LIRS ad appaRnisRyesRtjhafially
| other plasma process characteristics held
alternatirgt aaming plasma pfacessepinoedss to aptignize ¢ subgaie r Agditional advantages

i.ncreasin - r ) i wabekief
In%T%ﬁ%&%ﬁHWE%%%@E?mﬁogég g%ﬁ%gg%%%&ﬁg?gtgﬁgngubseqﬁgny
compRidehal et¢l mbiiles,. impBB&i] substrat y3&d endithprugbient santi4lgsmainggnance

eneral, as pressure.is increases, the vertical - ness
<ﬁS@¥ﬂ?ﬁéO@#EﬁmgﬁaFﬁP Hecreases, since the plasma,

saturated with ions, h a |ler MER, .Si f .
[0057dns ar g{a‘é‘%\fiisﬁlﬂFeélsetXSmS]égc%nsq%ﬁléne&foasn e bgsé}lﬁfr? ea%\g,g{ﬁtcﬁtéons and
variSidid nily ©6 @fde kS dRbSddealbodif@ntxoritlcabainiag withBythe subject and

cycling or alternating hetween the etch process
spirit F the diaventioneassistined by %@f Rmngflgimsat i ng affects of

each process reci pe can be averaged out, resulting in
an etch profile in optim zed region 1402. [0053] For,
exanple, in an exenplary etch process in a Lam

Research Alliance 9400 DSi E (tm plasma processing

system etch rate may be optim zed by alternating

bet ween two recipes. A first recipe may include: SF6:

50 seem pressure: 50ntorr, TCP power: 500watts, bias:

-150v, time: 10 seconds. Wile the second reci pe nmay

i ncl ude: CAF8:50 seem pressure: 60ntorr, TCP power:

500 watts, bias -1300v, time: 5 seconds. The numnber of

steps can be repeated as nmany as i s needed. [0054]

Referring nowto FIG 15, a diagramshow ng a

sinplified nethod for sequentially alternating anong

pl asma processes in a plasnma processing systemin
order to optim ze a substrate, according to one

enbodi nent of the invention. Initially, a first plasm

process recipe is selected including a first process

vari abl e, wherein changing the first process

12



variable by a first anmount optimzes a first substrate

etch characteristic and aggravates a second substrate
we@tmh/oedar act eri stic, at step 1502. Next, a SeRPORNUS2005/045725

pl asma process recipe including a second process

vari able is sel ected, wherein changing the second

process variable by a se%gggéﬁgount aggravates the

first substrate etch char stic and optim zes the
What 8P Sidbstrate etch characteristic, at step 1504.

Next, a substrate is positioned on a chuck in a plasma

processi ng chanber, at step 1506. A plasma is then

st ruck. Wt ishaoles of Abubskrap
L LGB PO RE A AT A TES A R asingof
amqﬁ&mgnated mnth the second pl asma reci pe, wherein upon

ot g%ecgt I ogl s?, b la s ﬂ)cgs% a&;ﬂ% 1Hc9udlﬁ%gf gsjltJ BI%ECS§ Vgﬁa{l{l@t\zﬁlerem

PC an e seco strate etch
charfghigrsaldtfﬁit |psdsdes:s mmbls b 3 fizst pnalutyptipiesh Aesd subgtratg esp
e this

v.ent en descri bed
Char?‘ﬁerfsg? %‘Edo %ﬂg]f %‘@Vé Iachon é‘fbé{;?tg 8“’%% r%l&émﬁ? there are
aI Tse%cﬁh eddond Bﬁﬁrﬁhj?@bés@ Rgipeamdudingla mbr&tﬁrsoaahvaxtabfmizvherem
he scope of this invention. For

charwmgwexd@hcqnﬁér%eé%\éﬂﬁ@blre RY 8 AT5OBH ARG e ﬁvageés?gﬁ figgupgirate cch

3 Seutz f8RSSI hg systens
chal?&mg Eﬁ@&rtﬁhﬁz& n%amﬁxagﬁgﬁ?%%mﬁp Exreath ot % HI%T y
23p0qtioning wbswe PP cliclirin a plegmy progesriBE e

ProG&EH g 3}3 avs\\}n?rgﬁ S%élagﬁa gls €4sind Bhamtlepvent i on may

al S0 b trat of various dianmeters )
( e agematﬁxgmetwnenwa fmmplaem répipeland s¢ie sdcandplaBnaiecipet wlprein

t here are. man ' . i
ot 5 R S L B BTk o
subf¥hverdidhadiescRfistid e b\[b&ﬁﬁﬂiallgmptimdzledde nmet hods and

apparatus for sequentially alternating anong pl asna
processes in order to optim ze a substrate. Additiona

2. AAVMAM AN IR, WhsledaidaRaRepsatd dich dharctBasticlioidpises one of etch
etch rate by u3|ng two processes with conplenentary
rategtiforpitn fseleetsyitys ask St mefilsubst rate yiel d and
t hroughput, and the mai nt enance of
substrate-to-substrate repeatability. [0057] Having
3. Thesoétosiea céabentp vdeseineeisrdtandsistigtecptd a@@étlsthF@@Pnses one of

ations .,y be nade to the
emQﬁa%P%g§@ﬂ¥ﬁ%gﬁ %@%?ﬁiﬁﬁ*@§ﬁ¥enalnlng within the
subject and spirit of the inventlon as defined by the
follo |.ai CLAI M5 is clai
4, Bhea@ﬁgd (J;)ﬁgf(fgaég’s H@e%% 1" taprPr%ets%\éad‘la gfnccl)ucfés o&e oil r}ﬂ‘o@ess time, RF
povidr ChaBerPresBud Uik lobAbsition, gas flow, substrate blas and RF frequency

5. The method of claim 1, wherein said second process variable includes one of process time,

RF power, chamber pressure, gas composition, gas flow, substrate bias, and RF frequency.
6. The method of claim 1, wherein said substrate is semiconductor wafer.

7. The method of claim 1, wherein substrate is a glass panel.
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conprising: selecting a first plasm process recipe
including a first process variable, wherein changing
W@ 200d/0689r5t process variable by a first anountPCT/US2005/045725
optim zes a first substrate etch characteristic and
aggravates a second substrate etch characteristic;
sel ecting second plasma process recipe including a
second process variabl e, wherein changi ng said second
8. ProLESShY@LE AR, RihefeiS EOArRRMY BécuRIHC VR Sevi Sdohds.
first substrate etch characteristic and optim zes said
second substrate etch characteristic; positioning a
substrate on a chuck in a plasma processjng chanber
9. st Hi &plpumaprppessing syiehiammakddonPRiEHEN PTGE‘é‘gé’iS‘: Agubstrate
Cm@?@ﬁg@r; alternating between said first plasma recipe
n ai d second pl asma reci pe, wherein upon conpletion
of sedatidg alftrssseiatfiphgma pricess freaipss inslidingraaitat rroedqss variable, wherein
characteristic and i S
charg Ay Erirgpsess OB d ARERRHrbibleCh Brfsiarg ecn
chara@érheid and agdravanas b,seoviné seistrats aictl characdrissigbst rat e et ch

characteristic¢ co ises one of etch rate, uniformdty.
Cerdetpapegeondat APBhPELrs oS e R e S e
wheloin WABEIRE B2i8 8bdbn8 PRREN vaiddd tyed secaridimatintsgeivartds s4id Cirst

conprises one of etch rate, uniforg1téi electivjt%,
subsiiey etchcchargetstisticeind gptinpizes st srendot IRt ST chatfier sh
sa gsi‘fi%fiﬁ%a RIRERS Sn Y RAURD & plaBsh PESsiARhAhbaR! OCESS
tinme, RF power, chamber pressure, gas conposition, gas
f | etnikinguaydasnaet within azid plasida RRCEssiBg Gg%ﬁ@}??; 5. The met hod

of ¢l ai.m rej id. s r. '
o AT Bt SRS EE Rl o plsma
recipé R iid seq@ad seafphsii reoipes, gasrefin gpon cemblstipmpbsaid altgrnating,
.and RF frequency.. G..Th t hod,of cl ai - el
soi it et et ctedin 0 S Crap Sibp e b bl AGEEL B
sub@inti@llRbpirdizedher ei n substrate is a glass panel.8. The

met hod of claim11, wherein said alternating occurs
once every few seconds. 9. In a plasma processing

10. S LWRModd FRBEAdwh Qe in Rk 2l aRe@Richgta@bridicTohptised bfe of
conprising: selecting a first set of plasma process

etclrigtsi waforiny] sglichijtyaadd gt prpfilscess variabl e, wherein
changing said first process variable by a first anount
optim zes a first substrate etch

11. The method of claim 9, wherein said second substrate etch characteristic comprises one of

etch rate, uniformity, selectivity, and etch profile.

12. The method of claim 9, wherein said first process variable includes one of process time,

RF power, chamber pressure, gas composition, gas flow, substrate bias, and RF frequency.

13. The method of claim 9, wherein said second process variable includes one of process time,

RF power, chamber pressure, gas composition, gas flow, substrate bias, and RF frequency.

14.  The method of claim 9, wherein said substrate is semiconductor wafer.

14



characteristic and aggravates a second substrate etch

characteristic; selecting a second set of plasna
WEe@6eo6®7r eci pes i ncluding a second process vaPCHOF®)5/045725

wher ei n changi ng said second process variable by a

second anount aggravates said first substrate etch

characteristic and optim zes sai? second substrate

15. et the mhahed ef dpips?, vheranibstiaip (sagass B?Pé’gt rate on a
chuck in a plasma processing chanber; striking a
pl asma within said plasma_ processi ng chanber;

16. al Tae mathosgf tleinmid avhereippaid plerpabing PUBTONSE PYFTY fovsfeoants:
of plasnma recipes and a plasma recipe fromsaid second
set of plasma recipes, wherein upon conpletion of said
al ter i ' ' ing Rehat Fhaiselistrbte

17 Bl B A e B e

S
conptigimpant i al |y optim zed. 10. The nethod of claim?9,

wherein. said..first substrate ISt

o aE Higtan il 341 o7 RGhe pRbEDreElIRs RELBER ikt process
varigiél azﬂieﬁéih ﬂ’aaﬂéiin% €aid fidst pﬂa&&sﬁ I‘VEtri]zkmﬂjb}oef fist ahonr® optivhizesed first

sai d second supstrate etch characterj stic,c .1.8.eS
subsgAls cih DPERCTSHENd AREPGITA ool SN iR

Pr gfehhEror geae_:ctﬁEF‘Q sEBRhH A 00plasth@protcls restpes dictudiwgiacseédnd process

process variable includes one of process

me,  RP .
varigldeverhereim glmyging Ig@ié se59pe pragess Ve 4 5P ﬂ’g%\h’)f F%ﬁ}‘\%va‘ces said
ﬁrstiéﬁgsﬁttre#egett& V\ﬁa@a%teriﬁﬁdang%g{i&%y e coniZubdthee &t flgacetistic;

erein sald Ssecond process variabl e includes
oneneahs for peg§ming awbstRie pogehuck EhbppERa PrEssie shagss

conposi tion., .qas. fl . ' . .
£ r aRpahiey o S Y B0 bR loBSsingeaitr o
s ubsdanafc altansenibeoven atptasmaadoine. of Baid Tiks setwf Rlsgmafecipes and a
claim9, wherein substrate is.a gl.as e
plassrORe BPcrrtgd S p e s PR RATompictn of Ok
alteHAG R, B¥iA i stTsBMHER GG Baradtéristicandsaid sesomd gibsicas stch gharacteristic
system an apparatus for optimzing etching of a
are gupsteptialbyeordighesdi si ng: means for selecting a first set

of plasnma process recipes including a first process
vari abl e, wherein changing said first process variable

18. BEheappiratss ofetaiom!7, opeici saekiint sipstiate cichidhpragtepisiys qopprises one of

characteristie and agaray _a second substrate etch
ad%ag?g@?g%# t%%ﬁc ans %or9§% ecting a second set of

pl asma process recipes including a second process

19. The apparatus of claim 17, wherein said second substrate etch characteristic comprises one

of etch rate, uniformity, selectivity, and etch profile.

20. The apparatus of claim 17, wherein said first process variable includes one of process
time, RF power, chamber pressure, gas composition, gas flow, substrate bias, and RF
frequency. ’

{
21. The apparatus of claim 17, wherein said second process variable includes one of process
time, RF power, chamber pressure, gas composition, gas flow, substrate bias, and RF

frequency.
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vari abl e, wherein changi ng said second process
vari abl e by a second anount aggravates said first

wasvesare etch characteristic and optim zes sSBETIUS2005/045725

22.

23.

24,

second substrate etch characteristic; neans for
positioning a substrate on a chuck in a plasna
processi ng chanber; neans for striking a plasma within
sai d plasma processing chanber; neans for alternating
b eﬁ“ﬁ@%@aﬁmg 28 i @GiReiPEaid ﬁ{bgtrefté [sSkmfehdufor Waf& M
recrp and a plasma recipe fromsaid second set of
pIasna recipes mhereln upon conpl etion of said
rnati aracteristic

fﬁﬁ%%ﬁpar 5 n& 1 Zs‘{@gﬁléb{g’? %ﬁéﬁsed @Ls@ %I%:Pst ic are
substantlally optim zed. 18. The apparatus of claim
17, wherein sajd first subs h ieSt L
Cco PFB‘? ?@é&at‘ﬁr?z Clﬁ‘fmé? 4 %ala ﬁlﬁl o h]% cu?!‘@rfc fg‘% ;s/é,ponds.
and etch profile. 19. The apparatus of cIa|n117,
wherei n said second substrate etch characteristic
conprises one of etch rate, uniformty, selectivity,
and etch profile. 20. The apparatus of claim17,
wherein said first process variable includes one of
process tinme, RP power, chanber pressure, gas
conposition, gas flow, substrate bias, and RF
frequency. 21. The apparatus of claim 17, wherein said
second process vari abl e includes one of process tine,
RP power, chanber pressure, gas conposition, gas flow,
substrate bias, and RP frequency. 22. The apparatus of
claim 17, wherein said substrate is sem conductor
waf er. 23. The apparatus of claim 17, wherein
substrate is a glass panel. 24. The apparatus of claim
17, wherein said alternating occurs once every few
seconds.
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