WD 2004/ 073025 PCT/ US2004/ 003139 METHODS OF REDUCI NG
PHOTORESI ST DI STORTI ON WHI LE ETCHI NG | N A PLASVA

WOEROSESBENG SYSTEM BACKGROUND OF THE | NVENTI ONPCHUTI1964/003139

10

15

20

25

30

present invention relates in general to substrate
manuf acturing technologies, and in particular to
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etching SETIEOBS O REIES Iisnﬁﬁmé@& $EDsEosgy
seni condUWIHILE BRCHING IN,A BEWSMA PROCESSING 98T RM

transi stors maybe 10 formed on a substrate, e.g., a
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substrate, there ga M@TL of | ayers
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facilitate understanding, the discussion that foll ows
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trate, Ceneral |y speaking, irrespective of
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p oto st _or re extensive, affecting
%taqvegtpalmqwnﬁ strugtires PR thesubsitatz e t he

dlstort ftarts the severity of the distortion
tends t eqeﬁ% YSREE1BS Trppeeiiverplihoeorarasition QfﬁlthfbetChant source gas,

d
e BERAc@pIakE CEREM NI BLNE rtildpl PRIGIS Hops havine
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Lifie SS-secti.on i ew of
ctron voﬂ (g‘{/ frange uring 8‘16 p\fasma etch process, as a consequence of the ion

bombardment (lower energy but larger mass) and/or electron bombardment (lower
mass but considerably higher energy), the photoresist mask may experience distortion

that is commonly called wiggling.

The distortion may affect just the top surface of the photoresist or it can be
more extensive, affecting the vertical sidewalls of the photoresist. Once the distortion
starts, the severity of the distortion tends to increase as the etch progresses. Also,
depending on the chemistry employed during the etch process , the degree of

photoresist distortion may vary.

To facilitate discussion, Fig. 1A illustrates a simplified cross-sectional view of
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that follow, termnms such as "above" and "bel ow," which
may be en'pl oyed herein to discuss the spati al
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dilgivekich@ily &crdadgd. phot or esi st mask. As a consequence
of the distortion, the photoresist nmask rray not have
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cdhyan?92 lhaglbéeanl distonted durmythe aﬂchy A rseétﬁin&r ik Y2, BeMestNFurface 210

t he
¥Ad vertical surface 212 have been substantially distorted during the plasma etch. The

asymmetric polymer deposition on the sides of the photoresist mask 212 and the
asymmetric photoresist faceting 218 are the main factors that accompany the
distortion of the photoresist mask. As a consequence of the distortion, the photoresist
mask may not have sufficient strength to withstand further plasma bombardment, and
consequently, the photoresist columns may fall over, partially or totally covering the
opening of the feature to be etched 214. Accordingly, the distortion may cause

defects in the resultant etch features, leading to a lower percentage yield.
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WD 2004/ 073025 PCT/ US2004/ 003139 I n particular, it
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Additionally or alternatively, if the photoresist wiggles converge and protrude

inside the intended outline of the mask hole (as viewed from the top of the substrate),
the resulting distorted mask pattern can partially or completely block the intended
removal of substrate material. These randomly affected vias represent defects in the
resulting device and undesirable lowering yield. Fig. 5 is a cross sectional view of an
etched feature 504 in a substrate 508, where the photoresist wiggles have caused the

photoresist 502 to form a partial block 520, which partially blocks the etching of the
feature 504 in the substrate 508.
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sectional view of an 30 etched feature 504 in a
substrate 508, where the photoresist w ggles have

520, - whFBnG S TPS 1o UL TS PG EH: HaborPhefuosis mask 602,
f ephére Qw%@lﬂn dF thephotoresibl Ak 602%has 32080l ARYHoRASGE %0 cre cate a
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pr fh@%oﬁl?l?éﬂ'ig r' d1 ) hS!?;?&Est ?x&#ﬁ ﬁ ?8&1\1/%:% into the

ur conpri se on an Ive e
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et RIRSFSINEShpRBery &Vilem the gicRant sprrce ggrapinture SPBREEES Xgnemand an
t N&-1RE 35 8nt, W'B@xreea &% erté BFYhE RbforPis a)c(I%Q%rBSr’/egﬂéliﬁﬁant source gas

photoresi st w ggling. The invention relates
anmixtere. enpladinasstuck d'rom time etohantfsonrcs Lgbsmtur&il"ﬂ'lye layer is etched

d hot whi | t chi
-G LhePhiRaRe. e B St dle ettt tee vitgine
f' e 20° ShegHanA %@&@?@%ﬁ%ﬁﬁ”@%ﬁ%%%@% Qib%annally
gal%ggblﬁé WhStokedist %g'\ﬂﬁﬁ e&é?ﬁhgoi AyE8Pon :P&ﬁ)%&él%' R8e substrate

where the etchant source gas m xture
c olnq;mmgﬂsreoa rthmlayerahmoeed sl ol arphotomekisy ngash is introdwced into the

W rate .th non,is | east 40%
é’,wm? hfosEssite SritRe A Shiptsen sasmittire fa RPu ed inte e plasma
PHTcbRMhaRBET, Whek 66 e@Rnt Rbirke b mlxm% cbﬁ%ﬁ&eé »&non, active
etched with the plasma. 25 The invention relates, in

angehat andraegonswhare 8 dlow yafeaafithe penvnds el Inast $0%: ofrm sufioof flow
r ex%‘t' 'c{th{)J? ntoﬁrag?' %WA%génrl]glsm@ulcl? fr%ﬁﬁ'ﬂé g&;hant's%%rce gas mixture.

The layer is etched with the plasma.

T

The invention relates, in another embodiment to a plasma processing system
for reducing photoresist wiggling while etching a layer on a substrate. A plasma
processing chamber is provided, within which the substrate is placed. A plasma
ignition device for igniting and maintaining a plasma is provided. A plasma gas
source for providing an etchant source gas mixture comprising xenon and an active
etchant is provided. The plasma gas source comprises an active etchant source and a

xenon source for providing a high flow rate of xenon.
These and other features of the present invention will be described in more

4



processi ng chanber is provided, within which the
substrate is placed. A plasma ignition device for

WO goois730g5 and mai ntai ning a plasma i s provi dedPCHUS2004/003139

10

15

20

25

30

pl asma gas source for providing an etchant source gas
m xture conprising xenon and an active 30 etchant is

pr Qi e, pl,as as.sour conprises an active
ot i Pelon L AR B oA T Bvprionpmghin eomignetion with the
hi gilldwWiog/fipaies. of xenon. These and ot her features of

the present invention will be described in nore 4 WO
2004/ 073025 PCT/ US2004/ 003139 detail belowin the

detail ed descri pig@p S 'Iil&(]e [ &:( ggd 1E

conj unction wth#@eﬁﬁm : S

DESCRI P?E:hgglrgngHE ng)@AW. 32 T&E present invention is
illustraté epy way ! n&ﬁ% ed Waﬁefewn%wndmot by way of

| i infitationin the'figures 61 By 5&‘%11@’%%{]5 dﬁﬁﬁﬁ%ﬁﬂ%h Which ]gl%erreference

drawi ngs and in which |ike reference nerals re
t oNEREAsAefeE te siEnlas clsmentsandn whichFi g. 1A is a

i npl i fi 0555664 1 0nal. Vi f. al tack. Fig.
16 s o B e PR Rk Ry icfah ver et ayer

stack oFigrilB.is 4 snplffiediorads-sdioRADHOR TR T é})éf‘arck%?fig. 1A after a

been patterned. Fig. 2 is a cross-sectional view 0O
thghqtg‘?é‘lﬁ V%&@S'@Feq:li’fﬁt.emf& whi ch shows a phot or esi st

t hat hagjdeen, disi oLk h. Fig 3.is .a top

vi ew of }go qiss g#°t§§é§é°t§‘§g?lg’}r{eé€$§@te§r%ﬁ stagk &&13A1§,5Whlch shows a
anphdieresist thathas detr diswkted bgwn efcha | ayer stack, which

shows a .1§.%t1f)tor.esigt t hat has been distorted by an
etch. FI§ > A2 f® iew pha disiartediphatoresist aeslof t he | ayer
stack oFigFiA.is didtMiridRods/se& iew oFal ol W 4G 1S
a top vi_eg\'/:v of an etrc_heg U s%?é?go\?m%tlweggtg?lﬁ‘%%}i&fo@@la
t rihipdpresist thatthag been distorted bpssetshct i onal view of a

| ayer stacke .Where photoresist . distortion 20 has

cr eat edﬁ%' }if)% r@? 3505%%6’@@31 MY O%ﬁ!‘P aygr staeks e g c4A dritht irregular
vifewtueds. a | ayer stack, where photoresist distortion

has creagted a conplete block. Fig. 7 is a flow chart

of a pri&Bef b ORHGRW afan ctohed swbstrate sithisharp “FegicaBirérhes”.

a top v ubst e with npphot or esi st
di st gr t]iblg}rll\s fga %ss%e%{}&gal %/1ew ofr aaltayer stack, wﬁgre photoresist distortion
has created a partial block.

Fig. 6 is a cross-sectional view of a layer stack, where photoresist distortion

has created a complete block.
Fig. 7 is a flow chart of a preferred embodiment of the invention.
Fig. 8 is a top view of an etched substrate with nophotoresist distortion.

Fig. 9 is a schematic view of a capacitively coupled multiple frequency etch
chamber.

DETAILED DES CRIPTION OF THE PREFERRED MBODIMENTS

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 understanding of the present invention. It will be apparent, however, to one
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invention will now be described in detail with
reference to a few 30 preferred enbodi ments thereof

in.the acc drawi ngs. In the

oF il B ORAE e lee BfesSf REPRS reg deiorsciogbmishost sgms or all of
Setheﬁ@ﬂﬁehlﬁcrdewil@e![n bhePirRtaheR, Rell kﬁ@&ﬁ’ﬁ%ess steps and/or structures

er st andr n%éof theéipresent i nvention. W Be
ap ayeift beppdnseidhed indetpilan Ql‘dthm@m&’@@%ly obscure the present
PQ‘H@%&QM 003139 skilled in the art, that the
present 1 nvention may be practiced w thout sone or aII
of thege r}gﬁrfrc details. In ot{} I NS ances,
known proces Y8 RAURSAPEY: ADPLoEpefe Lngen believad to b@@htable for
depearforfreiny the ifkenéivé niefhdd Fehp F&lrgq%roé’ééqﬁésﬁﬁf F}ﬁ—bﬁ%—l the

obscure t he fpresent i nventi on n
pattiigdugiten ofadditionsliaasses intn gedashul prmsing ohemebemret @ibt16sed.

S S By B o
ad@apacuml Caypiesle®agnid Exélarlifk"&ﬁiiﬁﬁ@c[uéﬁas §5}s&§h

Al t hough, _the suitabl e rangées ar |sc

cl os
gﬁeﬁrogl&qmprp“orb OrffdEement, (i) these f@éﬂ?@emuld ger@oup gmdehnes to

PI t avai |l abl e from
254 SR e RGBS L Sy Brocsing
r aﬂﬁ‘@mss Hosiexpested vehas: psiindlat bet@siok 6n aﬁﬁ@ﬁbﬁl Coupled
to

| ] ed e adapt di scl osed net hods
ot &r"h Fgg rtl%ori W@’c@i’f%‘& m@‘%i@e%a blp i eensigsersgendlass of the wafer
hayige @08ioRBb@MnPEehavi or on any Capacitively Coupl ed
Plasma etch tool” with double or multiple, tunabl e

frequen g I si.ze, 300

. 15@()312%1& re{;] ﬁe?f g] lezﬁértr]‘ﬁg 6 2§§ )919% ﬁi (gher%rnz Eg)% ggests that a

( Hewsbnizai@benergy) gas gh st Keidnadr kKayptbi)\hiyoby @rﬁﬁl’o?éﬂ in conjunction
kKrypton, may be ‘enpl oyed

h
17 WBi TiREiepin o ydrolupRgoR aftierecy e oxide layer. Coburn in
hygdh@hh t Cabur
Yobl GOHI%QUWt&éﬁes tHat%&Qd es t at%t h@%g%d& B 0as, such

in colum 6, |inés - teac
a qsgqgnpl@) andlamypion, }pf@t/@m palb’myasatlomdndm demine®ing dvardlching, which

o B MR o o
i mflpr@]@nﬁﬁ@p@l@m@ﬁkatmnfi?&h ldbﬁﬁ’natlﬁg o@&@t&l\igg Hﬁ&‘fnggﬁfl%lge atchmg,

pr venting polynerization fromdom nati ng” over
Qbgn Hrcolyma 8, bnesHi7nep, teachesithat thmﬂcwlramf &e lowriesization

1?)0%%121 %ﬁ%ﬁ@hc‘ ad )na%tonto? Eryrpltonmﬁer lamﬁeé) {o a percentage of less than about

oni za
29% of the total flow rate of the low ionization potential gas and the one or more

fluorine and carbon containing gases.” and that “[m]ore preferably, the percentage
flow of the low ionization potential gas is less than about 20% of the flow of the low

lonization potential gas and the one or more fluorine and carbon containing gases.”

Since Coburn is concerned with preventing polymerization from dominating, -
Coburn teaches away from using a high flow of xenon in oxide etches, The inventors
herein found that at relatively low xenon flow rates, such as at the rate suggested by
Coburn, do not reduce photoresist wiggle, to the extent desired. In addition, nothing

in Coburn suggests the reduction of photoresist wiggle. Additionally, Coburn only
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one or nore 25 fluorine and carbon contai ning gases. "
and that "[njore preferably, the percentage flom10f
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the photoresist distortion problem which interferes

Wit h t hieisedisddiveed by IEemsestoR tha Ak ﬂbﬁ%f%&n&i BlPELiRin
and_which is different 5 fromthe probl em of

- poubsiantialbredicinmen siminaipgihetaresist vsqgglmgw(ttha@ i greatly reducing

T L T T T
priokltetievedhibat the additise of tynoh RetiClonploaizetidd eieldy'Ghudds a decrease

t he photoreslst mask openi ng% that can qccur for
exi dispopulationgf glectrers Wikl BIEET 5EEY #antipereasg iy the population of

COEARL A e, 1B TR B AR R Do
t agsoeiatipy hnd jomizatibn mEthe retdhanteSf)m&m avgving at substrate have lower
i TR TN -
w lﬂ%ei' Han kendd) %él@bv@ﬁn%"ﬂ?ﬂh@ eH&E9 Hota %ﬁgtohq%ﬂ&%glg i ?r? {c>dvoid the

are nul is believed

~ ofp mtmst\mgghmggwhnsoa izgreament mathghe expesiesntel d&sultehatehe

Rul ation of .el ec er_en
RSB o8] oAl B e B FmiRE S S renon o
anepmgmgrgy Lower energy el ectrons prevent high
energy electron dissociation and ionization of the

et chantIn a3RACHRZoRITRINGM) & WAds AistdoEreatit havsr Sdr&‘fﬁ{anhsource gas

energy and do not distort the photoresist. Since
i ovitl adighrflemeaty 9f Xenonigay plnmmates phbreyist wigglingx dfae 1mportant1y,

7 NGRS B SOSEO g MM 20,800 Snoul

agbaaRtdlyWwhé Bvérb]l@ RN I@ﬁfﬂlgﬁﬁtpéﬂlc’hﬁ? W HelgshRbbialifng the desired
bottom critical dimension (CD) of the etched feature. Furthermore, at this high flow
rate, the Xe in the etchant source gas mixture also maintains a high level of
photoresist selectivity, an important consideration for etching narrow, high aspect
ratio features. As the term is employed herein, a high flow rate of xenon refers to a
flow rate that is at least 35% of the combined flow rate of the xenon and other gases
forming the etchant source gas mixture. Preferably, the flow rate of xenon is at least

about 40-95% of the combined flow rate of the xenon and other gases forming the

7



20 photoresist wggling is not elimnated by the
addition of krypton in place of xenon to the plasma.

woO p00a/ 078025 obvi ous fashion, it was di scovered theE/USzNa4/003139
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of an etchant source gas wth a high flow rate of
xenon gas elimnates photoresist wggling. Mre

i at .th ' fl-ow.rate_used, Xe gas in an
L I T RN
t habaow 465215 6f 1hb cpibirell low rateATthe SaHoRland bildp kRSs k‘d’ci'gling the

obtajning the desired_ bottomcritical dinension (
of SR 8P u1eE €25 WattWEe In ok AFasanaalse be sddeidge thhthe argon

ra i, 0y : m.xt ure SO ,.

T e o

i npasrformns thecmet sharatgas mittare. ﬁtref&'ratwy tRrflowtatdbfthe xenon is greater
the termis e

SRR N R
I 8 éhonl1@grdater Man! 085 b5 tBe Ho¥ rated Ut tﬁé’&i&lﬂeﬂ? sl ll\ﬁi@ét?%f@r gfy the
e ePChant  Souree~’

t he xenon and other gases formng t
gaflowirgteinfdhe Rnefds bdsivgen dhvat $0-80%/4 afttiee ©fim wE1he flowsrabds of the

| east . abo 0-95% of the.conbined flow rate of the
oL B dyedier sROBEima e STy beyoRiAseR 3 3oieT noble gases,
PCich%8 BRAGRAD R an @bl #itbn 56 615:€ tlﬁ"ﬁlu@ﬁtl)gag.r e. Mst

preferably the flow rate of xenon is at least between

about 4pd5% Qfﬂo?’bﬁaﬁg{g%ﬁ%%é% R réd%ﬁlg@)frhgfé)?egsg% Wigeling while

and ot her gases formn chant s

m stthing thionglad diyer b plasrgopronesging] systeine Iadep 702 sosiibbRite with a
thg argon 31EFd1Qxen@1n for.rq a ﬂi.l uent gas m xture. The

di PHENTSRAET PR A RIQIRTeH SR dR PrayIed iR A 2I9smS piRegssing chamber.
f OPREEerbbIg, BleplashiAPrsRsERS chinYed i€a cdp aﬁftﬁ?l?{%hgplg@gwflﬂiﬁgv

rate of the xenon'is greater than 40% 0
r afrequsncy kishghamben Iystsp 7Mraflpw of en efchant solree Fhsavixture is

. ' t h 50%.0f the fl .
- SRl g PASHe bped sl FombPE PR R f0iioc f gpintore
r atmerisek kenotg AR Active dicang and apastalld @n 9884i8hal ldNBertUhe xenon

of the_ flowra dil uent gas. In other

tes of the
entSh Hewrate of pileast §6% afdhe Bew ratgiohtedotal etohant lgay source mixture.

, i d/ or._ krypt on,
1o oS S8 ) BB L SO 0,
st eiplsing ¢s peratet by tidlbans sitete thie gedulting; etdt fe@uces bf Biishates

‘thrOl%(grréa | ayer in a plasma processing system In step

70B10taresishwigeling with a |ayer di sposed bel ow a
photoresi st mask is provided to a plasma processing
chanber In a prefgread-gmbpdiment of thedreensionctbs dyertodieatthed is an oxide

ag ,Whtiéh"@li/ ' requency, et ch .

c haﬁ@gr_ . S g&%;f &%%*%t\?vfés& é%sl{ét c aeﬁéh%bm%e gf§ Juixture

i sampreses,sa high deivdett xendm Oh Auplossitien prd6EByIréluorocarbons gases.
chﬁ_rlrber The etchanf source, gas m xture ..

e etchant source gas mixture may further comprise an additional diluent of a noble
gas, such as argon. In this embodiment the O,, fluorocarbon gas and/or
hydrofluorocarbons are the active etchant. The fluorocarbon-based etchant that can
etch the oxide layer may include CFa, C,Fs, CoF4, C3Fs, C4Fs, C4F¢, or CsFs. These
fluorocarbon-based gases generally include the C<Fy component in their makeup,
where x and y are integers. Further, invention herein may be practiced with any

hydrofluorocarbon-based gas that can etch the oxide layer, including for example

CHEF3, CH,F,, CHsF, CoHoF,. These hydrofluorocarbon-based gases generally include



conpri ses xenon, an active etchant, and optionally an
addi tional diluent. The xenon has a flowrate of at

wo e 7P290 of the flow rate of the total etchaPCT/ysz04/003139
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source mxture. In step 705, a plasna is created from
t he etchant source gas m xture. In step 706, an 20

et ghi S, erf ¢ ep
regﬁlq]giﬁ'g et eh e{@}ﬁlg}éeéy%”‘%‘@eé]lpl’ Wgﬁ‘%?t’bé' mﬁ{&)'{“&‘%tggegf The etchant

vv| ogkturegmay Boxﬁalﬂroﬁé etivoast neIF0 08 BN Hudtocdrbénd MURRL | ON,
E&géer to be etched is an oxide |layer, which is

HOIREMERAS b EXABRIPS QL %@kﬂctlwétchamhwnuldm@wdmgen and

Q
PS8 A P P g

et Diopants swyrinaudrafor exariple borvayor phoépherous @i fiagendide such well
a Eltl onal ﬁéh‘# t of a noble gas, such as argon. In

s 1 e 02, fluorocarbon gas and/or hydro
fluor OCFrggg%a@éH%n{aﬁ@ vge‘wn bV a‘gﬁﬁﬁ%‘fy coI}ElEd mﬁlltlple fra%uency etch

fl uorocarbon-based etc t can
| aglzambea P00 thet ooy bEmsed fop Bﬁhn‘(gﬁﬁén eGB66imdd bBthe Gdfeition. The

r F8. .Th fl uorocarbon ased ses generally

R R g s BRI wes 00 Saamaer Ses i P4, lower
anéleytrcﬁie@%nhﬁ@t@hzﬁlt sbWté BRI mixini¥ 8Bkrce 916! %r&hﬁoﬁ@')WQ and an
practl ced wth a\d%thi hydr of | uor ocar bon- based gas t

c afrhaustpunpe I Y negielt chambet 800, magvafor 980y stmpthds fdﬂﬂéﬂ from the
gaer o S Henerok o tymich RS P B a5 B, 18553 foned upon the

szm&b@@m 9Thet 1b®eﬁrbme©ommmatbya§mb[e substrate
makeup, where X, and z are integers. The etchant

mi $4 E‘&F&?ché‘aﬁ 1R GHsirostakc, srechpmeal slanpiag @r the like) for holding
Tl ggr STIRARS: tgég gﬁg{dcﬁg{] ?e&@sr V\t?)]gl gp%{%]ei‘:'c?rag Oéhdlsposed

exanpl es of ot er actl
animmedintebynopmeite thddowditedectoiie 008.aYRE ugyict b&dtrdiﬂt)@dﬂelower

d d d d | di gxi Do

T TR T A
| nglpptied 0GR c%ﬁﬁed ﬂiﬁkﬂ’ﬂ‘vo‘?ﬂ‘rhgﬁ %&hm%ur E %? m?xti.u% sBurce 910 and
schematic view of a capacltively coupled
f r iscrrbpesiedefrom the:dr:mfbed phefa vhimenthyough thesemhﬁhement nngs 902 and

crihbaPuG B R Lo adthea i o e 5n ey

el &ﬁtﬂ’e@l@& &t upperl W¥RIodd 90£! RAGLESHHERP urcAMELs %h:@ﬁl 1y
source gas mxture source 910, a controller 970 3

anCoTEiRp{Ed 49 thedawerogdertrode 003 an@mherohdm?ée sgtmndahmémﬁnement
O8{Ina i~ o @pEPélgafogfe@%H‘ ihe [ o) %ecﬁg(ge 9%, B 12 irst R

posaurécodvaiandgthe sécbﬁd RFGoRfce @|4$ eddyasbenp?38 a 2TMEHE ¥REr source and

el egtl\/l'ﬁg %o%%? sc;u?geobp Tt rr%xtltec%mall)n?alflllogg glf c?onsl’llégfr}grlgllg‘ gower to the
electrodes are possible. In the case of Exelan HPT/2300DFC™ made by LAM
Research Corporation™ of Fremont, California, that may be used in a preferred
embodiment of the invention, both the RF sources are connected to the lower
electrode, and the upper electrode is grounded. The etchant source gas mixture source
910 has a xenon source 962, a fluorocarbon source 964, and an oxygen source 968.
Other component gas sources, such as a hydrofluorocarbon source, may be included
in the etchant source gas mixture source 910. Another diluent gas, as is argon, can be

also added to the etchant source gas mixture source 910. The controller 970 is

9



chucki ng mechani sm (e.g., electrostatic, nechanica
clanping, or the like) for holding 15 the wafer 980.

wah@40zmes or top 928 incorporates the upper elBPCr/DsIHE4/003139
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904 di sposed immediately opposite the |ower el ectrode
908. The upper electrode 904, |ower electrode 908,

and. conf 902 define the confined plasna
vol “H%“”'oq’ﬁqe QIOVé‘!?Qg f:sgmt L §oWGe Sapmbstimeavith abigh flowt xateeof xenon,

by Teicebabolla®I0 eyl and
exhausted fromthe con}ﬁﬁr%gg&g %%&%ﬁgom‘fﬁﬁgﬁg%gtwomﬂ
coffPTIREAENE: rings 902, and 20 an exhaust port by the
exhaust 920. A first RF source 944 is

el ectri J&%ﬁ&l’l&nnect ed to the upper electrode 904. A
second RF source 948 is electrically connected to the

| oner elleohe em;ﬂél&n eﬁ‘lﬁﬁhfbhrdéeéals %ox%ﬁﬁmﬁg' b6 Qfég%arﬁ Rebic
confin é 902, the upper el ectrode hd
t héefl‘tHR%F’f F%l 9133@ QQQCCI’BQf Q21180 sedm of ARRANd 460 5@m 68%e is
F
oI o 8 et Ty B 5% P T T SAIBDECS B PraLhET™ plasma

co mhﬁamaon&cmfrecbbmhAM Rﬁgaaﬁlﬁﬂp ofBremcit Wi forplL
se of Exel an HPT/ ZBO%DF(’:'?'{I\/(FIQQI% etch an

bl
I T A TR RN S o dpmwn end ot i tick
t h The BRU 1@@0%%& 18 cfeald £ Gh{ @é@g n g ce z 8a1%a81t?rf§éructures with

i nvention he RF sources
| oftsreritispkdimension 080 d2uhe (ippemn. E[bl&ﬁtgrtbéi etch Sh@pRYNIE Aithin the

Th ture source 30 910 has a
e A0 R MR Tl T bl Bosi TP esures Bbow 14 Tam:. The
oxylgetrodetinees R6Bout 1©ob

as _a hydrofl u%r ocgllr1 bon %a&t??%ﬂﬁ@%ﬁvé In g H%’%@?a“‘w(?b watts for
et Wm gencgaier. ntehing avas @qndm:t@ﬂibr 2 Mhsechads ahid|phefoesist

gag;i | al so a the et chant

sour gcggﬁi ais ‘rgnélg? udreet&ggh F"efr(?ﬂ’oare ‘?ﬂ? GlPsleEfr ingheyesultapt etch

V\ifeﬁﬂﬁds’ 073025 PCT/ US2004/ 003139 programred to

provi de the etchant source gas m xture with a high

f1 ow r aFer ilusteaidapurpolbe FEL RN TR -3 i

us d to control the RF sourcels 94a4S 9§gvgﬁﬁoa%%t‘ggmtm%k
Whichexhibjasshstantially no BRevngghmg)dm toanse of a:h@htﬂow of xenon in

sottﬁ g 20 n cubjc centinete .
sc%‘“c‘f":h SR SR R S —
scmaxlo$0£b(e is enployed to create a plasna in a Exel an

HPT/ 2300DFCTM or Exel an HPTTM pl asma et cher,

manuf acWiiledhid ¥nveNbIRRSGRES tiéfé\éh%d F{ @ “6fse9é11 r8f

in order to etch an oxide |ayer. exa
pHaRRadizEats, ‘ih§redlé%§itw1onamﬁrmmtaabwun@hﬁcamns lahd ka.nous

substitute equivalents which fall within the scope of this invention. For example,

—+!
-

although the discussion is made herein with reference to the Exelan HPT/2300DFC™
plasma processing system and specific parameters suitable therefore, the invention
also applies to other plasma etching systems, including inductively coupled plasma
etchers and other capacitively coupled plasma etchers, with dual or multiple tunable
frequenc1es Furthermore, one skilled in the art, given the dlsclosure would be able
to make adjustments to the parameters disclosed herein to practice the invention with
other etch processes, other PR thicknesses, other types of photoresist materials other
than the deep UV and 193 nm UV of the examples, other fluorocarbon-based and/or

hydroﬂuorocarbon—based gases, other types of materials to be etched, other types of

10



10 The etch is configured to create 2.0 um deep
rectangul ar cell capacitor structures, with the

w@ediosiorabs di mensi on of 0.12um x 0.35 um Duri nRCT/082004/003139

10

15

20

etch, the pressure within the chanber is about

50nTorr. The helium cooling pressure is about 15Torr.

The .. el ectrode powers is.about 1000 watts for the 27 .
ctige eg%ﬁé%ange BYPED BECIGRATS Withept deppging figep thrscope and spirit

geofthatpeesentinGéttiva. Wwas conducted for 210 seconds and

photoresi st 15 wiggling, as well as defects there

from apadaishaifnihehdyihe B8&Rbed Did |t ednG

features. For i?’l ustr t_tlhon %ﬁpg%é%ag}rﬁ%i&%?ggfo edonahzoomm

i | substretes @ sompletepelinivationt ofaheplaitoresisi wiggliag kas obtained for the 300

804 1,C xhi bits substantially no PR wi ggling due to

us o?“bép‘ﬁ%&ﬁt PR e Bt ek formapecvilihe oBtainsglpgardless of
vethe digensich bRk dhiREa@08 may be etched through the

photoresi st 20 mask 804. Wiile this invention has

been deg@rit ' f el ok d ..

enbodi m% nt sﬁ)%tg lrl%?teffs g&g&ae Igtﬂéa? §¥el %@ét}&%gx%@g%si bg Hgf,iCIal m
moatldressing the detrianeital phémmusena assosiatddutieh plntbrealseRiggling

whi ch f?.l I 'tlc}i n tﬂﬁ scope o,bpthis i nvention. For

ex TPtV }PA{;}W hOt Hasmg %Elb sEhusnitigbelicyed that theaddition of xenon
r efn@y @MSaritially RBmineRd E

pr pCZSSi ngh sygt em and%ﬁ’?ﬁ“ﬁ%‘%?ﬁ%ﬁ?ﬁ [ ake)}ateed phenomena
t hisres¢hes @ther jthan) axideratelhes, andles asimpgphémstyotler en the asma

et chi 2 inel udi ng i nductivel y coupl ed pl asma

ot SR e i iy b ot PTG Bupiocibpiheted cBpBIENS:

with duﬂ5 or rrultiglstu able frequencies. )

Fur t her nBF EB'VeBH TRY P B3pd;tn Prayentphotorgsisgtearigghing, during the etching
di sk GsHbe i | t he.:

par arrgfr er sOtél\iég%h:a%ggg h |r0 g?dnﬁe?oavg ggt ?écSEeJS% h@eisﬁgﬁeg %%lﬁmde

wi kaier3@ hardraaskdeydr, ar antivsfisetiye codting, PRartibr kkaessepure silicon

ot t ...Qf otoresjst materi.als other than the
R L BTSN  -
f | walep 6 phbfeshvd fRek Al HavinpEscdseH Qk&ﬁ?l%ﬁgééﬁl%gi?xﬁgx}ts and the

gases, other types of materials to be e

t yRrssmede, medifigntinpe.substinEpeponaiseond eosdes mactd mede to the
et & f. etchers w ihout .departing .
Fr SRcioied Rdh I WP Enthigh WG BleBubidet S SBRTob e invention
Adai deifinadibly yhe fallotvinggdlaitde descri bed exanpl e was

performed on a 200 mm substrate, a conplete

elimnation of the photoresist w ggling was obtai ned

for the 300 5 mn substrates. It is expected that

simlar performances will be obtained regardl ess of

t he di mension of the substrate.
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Additionally, it is believed that the addition of
xenon is beneficial in addressing the detrinental

w@b@nomeen associ ated with photoresi st w ggli NBCT/US2004/003139
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irrespective of the type of plasma etch. Thus, it is
believed that the addition of xenon 10 may

substantially elimnate suc rimental photoresi st

wi ggl i ng-rel ated phenonena S hes ot her than oxi de

et wihasis chdighe@lis: Usi ng chem stry other than the

af orenmenti oned fl uorocarbon-based or

hydr of | uor ocar bon-based chem stries. The invention may
bel-used BPIBFBY BFRCCISHIE: SylER) haying t@gﬂelmsgplasm pmgessing chamber, a

et £BiHBE forNubbia lfy @C%é?ﬁaéﬁg ke 1&&&/%@& ?@ ﬁgl qﬁ%gre into a

phot or esI st rras I Cl
rml‘akeﬂcayzesubsnatemmm;rrsiﬂgect ive coating, a bar rier
| ayer, or a pure silicon |layer. In addition, other

et chant sourc xtu be_ used to etch a
| ayer under* ngr EH%}P é&@%lr‘gﬂ?ﬁ?mﬁ%ﬁaﬁif disposed below a
di srresst RERRIAhY ﬁagmgkd&%ﬁ iy afathiehe best node,

nodi ficati ons, subs itute per ations and vari ations
may be nmade to the disclosed enbodi nents while
r emai ni ng w ﬂhwmga@eet@@n} @@1’03@@5 mypiuré intothetplesma processmg

et BHeP 056 BB A PRAD B 5o e RS fon fid ah nctive

cl @t wisereith.a flow ﬁat@bﬂﬁaﬁﬁelﬂfn% aERhAB 55y st &éﬁahﬁé/dlﬁ‘& gas
therein a plasm gbocesm ng chanber, a nethod for

s UBBuS: Whmeyl the glrbprpap BoTes mitare fwitheyl dompriats 4rgon, wherein the
et G\ Pete 3 fRALHOE i déu x neé?lt allqagut! g t9pgnofal ahs i bsgﬁ{;‘\& E?tg%gf the argon

conprising: 1ntro
t hand »apen; di sposed bel ow a photoresist mask into the
pl asma processi ng chanber; flow ng an etchant source

gas mxture in o th a rocessi ng chanper,
wherein the q@%‘lﬁ%‘é‘né&s@tﬁ@% SPUIOE ERIRIXEEE; 3€non

and an active 10 etchant wherein a flow rate of the

xenon is at bLemab 1REante BiHa NS AtheR: g@gﬁg}ﬂsﬁ%s etchant

wherein the etchant gas source rmxture f
c oTPYFGesEas THKHeh Wherein dierflavheate 6f xanonaedices phdieresiswiggling.
i s between about 50% 90% of a sumof flow rates of the

argon '?Héjm)éﬁl'aﬁ &F cﬁaﬁrﬁ'lkwgeg&@% ?lﬁgfa rfaLe(reo f I%l{(]?eﬂoﬁtig a%%han 95% of

source gas m xture; and
t hihe letvheunt soiitce ghhmixieesma from t he et chant

3. The method of any of claims 1-2, wherein the etchant source gas mixture

further comprises a noble gas.

4. The method of any claims 1-3 wherein the plasma processing chamber is a
multiple, tunable frequency capacitively coupled etch chamber, wherein the striking a

plasma strikes the plasma using capacitive coupling.

5. The method of any of claims 1-4, wherein the layer to be etched is. a silicon

oxide layer.

6. The method of any claims 1-5, wherein the active etchant is selected from at

least one of a fluorocarbon and a hydrofluorocarbon.

12



source gas m xture, wherein the flow rate of xenon
reduces photoresist wiggling. 2. The nethod of claim

wdadomioza0es n the flow rate of the xenon i s | essPETENDEIB3139

10

of the etchant source gas m xture. 3. The nethod of
any of clains 1-2, wherein the etchant source gas

et hod oA Sy SR UE T, AR By RaGinippook Buttongompries

charpsan.is a nultiple, tunable frequency capacitively
coupl ed etch chanber, wherein the striking a plasm

st i kes t he .pl usi capacitive coupling. 5. The
mefhod &SGMO@Q@@W&?@C l?e Hedhemethod afpay of elaimes 1-7.

etched is a silicon 25 oxide layer. 6. The nethod of

any. cl aiAmultitfequitits @bititiecdapled LR nhs BB fl g
fromat _|east one ofpa quorgcarbon ang d&&ﬁma&bﬁﬁéﬁmlnthd
hy @f &1y eforlessrlbdn. 12 WO 2004/ 073025 PCT/ US2004/ 003139

7. The method of any of clains 1-6, wherein the active

o 4SSl SRS BRSPS o

9. N phdtbiekisequency capaci tive coupl ed etch chanber
for performng the nethod 5 of any of clainms 1-7. 10.
Thi netﬂgq, %§¥{ecited in any of clains 1-7, wherein

Lohotlbp @sthad. psregitedmpny glclsis by/ewhetein the photeessist is a 193
methoshot@esifieci ted in any of claims 1-7, wherein the
photoresist 1s a 193 nm photoresist. 10 13
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