FAST GAS SW TCHI NG PLASMA PROCESSI NG APPARATUS
BACKGROUND [ 0001] Sem conductor structures are
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pl asma processi ng chanber, a gas source that supplies

process i.nto the chanber nd an _en our

PRASTI GRS s HING i Ksony BBl ESSIRG ABPRRA TUS

Sem conductor structures are processed in such

appar atuses by techni ques including dry etching

processes, deposition pr@eSBEROEVDN as chem ca

vapor deposition (CVvD), physical vapor deposition, or
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e gas distribution system can substantiall'y repl ace
oneprokesshng differsnt matsrialndf sdneicertistod sgagfuien. t he pl asma

zone wth the other of the§6jg§%R§?s and the second

gas within a period of le s, wherein a first
pPleooTR f OTéoRhidve th@ﬁ)r?@iig%dzlﬁ Recdriaide e the peilpoGaSE the present
provides a first inpedance |oad and wherein a second

p IS HAOT, @rivasena) wafehproptsamgdod dhprovidseh thidaserdrnbgayith a
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sdiseritention sy pem oidbrogidpewefirst gastdne aatcdnda@b iscov@nected to the

electrode in a first frequency range is electrically
c Bn@achimby: Vheredy the gasqistEiRution setempern sphepeiallyirpplace one of

f it}{esﬁrstf gR qyﬁ RfeYseb MRS Iﬁ’ft}fg% SAME GRthl the BAELOL e first gas and

receive reflected RF power ‘and tune an output RF
f thecpeeoalgas ovitimi pere ofessrtbdd betvelter&R afowerlasnf foenehih the

frequenc uned RF power source for provjdin wer to

¢ REMRRSe e Bt B SOwaRUR % bBberBh& Tord AL RBREL dcond
Ob1as 8 frinkeRitin kK HERE Yorke FRAE tHNBESIdbak PRovERE ANEcond impedance
frequency tuned RF power source is able to receive
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Tt b e @R ACRATonf PiRbadedl Bl GhBBR e is
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i ncl udi ng a shower head el ectrode assenbky
RF power source is able to receive reflected RF power and tune an output RF

frequency to minimize the reflected RF power. A second frequency tuned RF power
source for providing power to the plasma chamber in a second frequency range
outside of the first frequency range wherein the second frequency tuned RF power
source is able to receive reflected RF power and tune an output RF frequency to

minimize the reflected RF power.



having the inner and outer zones and an interior
volunme of about 1A liter to 4 liters is provided. A

W@2®8669 i buti on systemis in fluid comuni caRCOS201/084465
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the inner and outer zones of the showerhead el ectrode

a l'y,. wherein the gas distribution systemis .
oFBAD) ¥ oGP tigk Papidseuton oF Ui et b B e gt i
Obrdi®RAC A PlaRh pRR SsstRSchaMmbbNBcRUAS Tshe RBfHeAe BRAt 0 &R mbly
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process gas and wherein the switching section swtches
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bet ween the outer, zone flow of the fir I OCeSS, gas
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f iwhteid MeGUeRYg keutRe sRitcRAWRIw BOME Githel B6nciTaNd S8 distribution
power to the plasma processing apparatus in a first

f msgihenbgtwieahdis iiie zenmilewef therfast prpease encandithe wgerpone of the
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Rbf thewas diskitsieon attnftee teterery thewned zBke flower teduscgodas gas
provi des power to the plasma processjng apparatus in a

s 8EOIE MFE UMY A CHMISTBESHBAY He [ HStuGC¥ SReAIF power
r IhgEe M f@\}i(ﬁbstﬂa%& f@ae lafsfng y(?c@g:s\ﬁaé %&)%Q&tﬁﬁﬂ&%fre uency
source is able'to receive reflecte power and tuhe
amngg twheteilReffretfuauencyt toned RF power sduecerie ible ¢t sxteiRE reflected

p r. [0004] I n ano r. mani festatian of the

PRI SHrbveh And e af sop b RE riniesi i gD e stk s RF power. A
StERY WeBudnRdy Jurfel A Powkr Q6828 FEYDreViasPsiwdr $o MePldstfibrocessing
a) Afirst process gas is supplied into the plasna '
pRPRAEIYS ip sehambrequentY wmnge oetside g the fgsicirmyiepryoeagswherein the

938 0hd £ Eéﬁ%? Eﬁeldllﬁﬂe v%e?reso{l)rlcg & {oor%gesi\§ | f:c(::tlf':]é1 ﬁ?eprower and
contal Nl'Ng a’ sem conduct or substrate Tncludlng a

| eastan@agpuk RFEFeqaBbyao PEihingizo 6@ reRsdt&t RApsWeVerl yi ng
the |l ayer b) The first process gas is energi zed to.
pi¥¥dte dnfanpder pasidestagionef gheripyentiondmglne O pegassiigs

(QmRbERIRSE sBhcliRBfth p%k?naf}ﬁreééégiﬁg Rarhb id ﬁ%gfde@.r a)(Aif?rst

process gas is supplied into the plasma processing chamber while diverting a second
process gas to a bypass-line, the plasma processing chamber containing a
semiconductor substrate including at least one layer and a patterned resist mask

overlying the layer. b) The first process gas is energized to produce a first plasma
2



form ng a polynmer deposit on the mask c) Afirst RF
power source is frequency tuned to a first frequency

W@ 00861069 t he first inpedance | oad d) A secondPEFURIINEOS4465
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source is frequency tuned to a second frequency

d|f nt. th irst. frequenc tch the first
oIR8 o AR S e St b Rty RS kasior ()

pﬁ%ﬁlsgsa 9@@@@ aéfosﬁwtﬁélﬁdslé Q) thakst RFG08RE Slcdis %%%ﬁ@ncy

gas is suppliedinto the plasnma processi ng chanbe
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i rst cess bei n tiall
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period of less than about 1 s . f) The second process
ga swgtcBerbiqyihattlie seropd Prsess 2is devpRbedhini g Piishie piocessing
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f teadukiterynt fuore (thet ﬁlrsmrr[pﬂtdanda lcbzrdeande([ibwtdmﬂg‘ the @hlkeadt lvan feature in

t e first con dthird fre nci es to matc

JiRE o e BETO0S HAGY Y ek PO 1Brer i U PR dad he st RF
S %Q&dsolﬁf&q@ £8qEAS LRl € & WildchQfhes® diffdfent M@n tHe' ikt and
process gas is supplied into the plasm processin

c kenohé fregivnicees dio yatahithgysachied gepadatcedpat es Thasecond Rifgpower

bei.n .
SRS AR i BRI P ERERIR L ERR T P st ssemg. and
oihlicmecﬁj A& BBt ACIE &R sBEnaNAPB&IncOYoadhe) The ﬂbw@b@&fé&‘i:‘rst and
as wthin a period of |less than about 1 s . ) Steps
bferpd REQsersegReest e switglledsq that gheofirst priegess apg 1 Sméled into the
o P RSk Bl AP g B VL 0GB s g 1 by-poss line,
bﬂiecwcdnrai prbe:ssl ghsabigpsubetantidlpt ieplaceaf inttheplasmie ndsnfﬁﬁrrandzone of
in conjunction ;qlt;ahth following figure BRI EF
1 RIRCBENG s RISEDRES S8 cvyetfhl%@ermdé%fé?ﬁs than
' %&Rtl' O']) S@pd b)- H%PJ éf)&%cpé’ NP Er GERIR thARBsRRE. DY
gtlon Pgures of the acconpanyi ng
d [(L(lﬁlshgs Ehede pmd wllﬁlcﬂaadurds of thef mc@nt:mvmumr\aﬂ]sber@@tbeﬂon more

im | el enent whi ch 0007
S OB el ot Bih 1] aeSB S Pl e AR AR ol tigyith the
pﬁgfo%ﬁﬁ% Agu@ppar at us t hat preferred enbodi nents of the
gas distrrbution systemcan be used with. [0008] FIG
2 illustrat BRIBF] 1PEHO N I i HEEPR AN INGh EIGIHBES

d Mh but 4 he O@re%n 1nveILt90(1)101?111us %ed% deasrl (}cfte§am%1%r aenfdenrort %Y way of

as supply sec
hmltatlon, in the figures of the accompanying drawings and in which like reference

numerals refer to similar elements and in which:

[0007] FIG. 1 is a sectional view of an exemplary embodiment of a plasma
processing apparatus that preferred embodiments of the gas distribution system can be
used with.

[0008] FIG. 2 illustrates a preferred embodiment of the gas distribution system.



di stribution system [0010] FIG 4 depicts a preferred
enbodi nrent of a flow control section of the gas

wa@lt@so6tee i on system [0011] FIG 5 depicts a PECT/B52007/084465
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preferred enbodi nent of a gas switching section of the

TRl Lo BB e embp et o5 B Ebp BN g ion o the gas

saxthinmiofkvdidig. gas distribution system [0013] FIG 7
depicts a ¥hird preferred enbodi nent of the gas

sW18hi ngFl§edtdepiatsof prefesred ambdilisnent blia flow coyiselenstion of the gas
DgTAlblT:ED DE%CRI PTI ON [ 0014] Pl asma processi ng

a ng'a G 8% By processi ng sem conductor material s,

SPEUI1RS SEID. SeRPKGOfirstf¥ieRa chdoaREbn0Bf 5 8MH GARAUG!@Eion of
substrates, e.g., silicon wafers, include a plasm

pthsceas disgbréienmyEemand a gas distribution systemthat

S jes . 0as. .| I - [ o -

s b e i e s i e T
gastheq@aadisiribygkion 2gseemor nul tipl e zones across the

su(ioflgce of a substrate during plasm praocessing. The .
g1l st rFlbut idsRickyAhBFPEAFThenRRIEMFRIRL theoshs SBiitcRing section

£ 8f §RLE AseithBoh kpehatio of the same or different
process gas, or gas mxture, to the zones, thereby

al l owi ng in-process aGIUSHFNDESCRIETIEHS - substrat e

unj mty of gas fl ow and gas. conposition. 015 .
Al oh Baa Rges e ndRTer PRRTrUR SRR Rhaterial.
PEQH AQeniHOnAYRE: ddhvRWs ERRel Oh sBieAIRAGEAbL At e. g., silicon
singl e-zone system it may be desirable to provide

s weakersyreledmra pliastha arecessmgrigembet andriagas glistahwion shstemehat

processing operatigns.in which the gas c osi t.ion .

e PG A (e sl s Ren TR £8h 4 bution system

pein @dtridhitet dakeo a Fd8kGbnAob@sltihlsLdned lérb&nths YistRBF § substrate

provi ded for supplying different gas conpositions

afByiRg PlRFBIPToSeISE. tldicgas Rigkiution pystem sprefehyde flow controllers to

e |

p o B g ol (3 QR0 AR BKSE B, P AGIRBHEE, e

C hamd ethereby ahowhgan pras seadpu st e if agroshiarvedite @hifarmity of gas

pl.asma processi ng apparatus, and provide the

c ARHANA; %y CHPPYY vi ng different gas chemistri es

a8y 9a§1tﬁéu%}‘i’nﬁlﬁ&ﬁ§-ztoﬁe gﬁ‘sedié’tﬁﬁtﬂt%‘ R %@éﬁﬁ_@cﬁn SRV dGimproved

processi ng operati ons. Theé plasma processi ng apparatus

c einwhmngol swodgasidity a smeth-wonedestsing it nory bei dghrdda & pryvide such
reactor incl udi source that .uses

glﬁgﬁ% mas Wﬁ-ﬁé{l aﬁwnﬁgﬂﬁgalﬁ}%&rﬁggt?%e processing operations 1n w l:ich the

gas composition and/or the gas flow can be changed within a short period of time.

[0016] A gas distribution system is provided for supplying different gas
compositions and/or flow ratios to a chamber. In a preferred embodiment, the gas
distribution system is adapted to be in fluid communication with an interior of a
vacuum chamber, such as a plasma processing chamber of a plasma processing
apparatus, and provide the capability of supplying different gas chemistries and/or gas
flow rates to the vacuum chamber during processing operations. The plasma
processing apparatus can be a low-density, medium-density or high-density plasma
reactor including an energy source that uses RF energy, microwave energy, magnetic

fields, or the like to produce plasma. For example, the high-density plasma can be
4



fields, or the |like to produce plasma. For exanple,
the high-density plasm can beproduced in a

W@ e@sdbwsner coupl ed plasma (TCP(tm) reactor, PG(T/ESZ007/084465
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known as an inductively coupled plasma reactor

el ectro cIo on resonance ( asmma ctor

C B e e R g (o P aC R el Ry as n

p!uﬂﬁlerﬁtvéqf @cﬂp@é&pmm; reaa%f Qh reféétr@ﬁ@?@ibﬁ@rﬂe%o&fnc& (EeCRASlasma

di stribution systemcan be used i ncl ude

EX@ICmn(a ma@ha@t{sﬂve rdesgbarge.or thaltlke. dsxemnipdary @@@ma reactors that

eact . ail abl e fr

o E R o PP 3 A BYPh, SRt 6 s Wiy iniyce

Dkt lRgpplashimreatohy, B his QRS TR x M T plaemﬁ FRQeeNGRBSble from

can be applied to a substrate support 1 ncorporating an

el eexkesgerch fgrramtine tacpisd imbreaaahdcrifonnia dpyring Riesma etching
l.-f el

£ ?IéO%g%n dlnglgg}gl uéﬂc?e%r@n gg ?ﬁﬁl%ﬁ“;to ggglgs{u?lget e&agort mCO{poratlng an

aeléctameedrﬂcahrdbai&pstam@bhwk AIthmélbemdiuel ﬁ’edju’eﬁdﬁplasma

spaced fromthe substrate. [0017] A preferred

e FSSErTiierent ffaquensies can &e apwlind; t thesipbrtEs suppod #pgiay elpctrode,
f%ﬁéﬁmgﬁﬁow&%@wiH%ahﬂkeéhg&iﬁgm@hyﬁﬁHHﬂhCha"ber such
as a plasnma processi ng via a single zone or
mi0Ql7pl e & preerredoerebatimbhtyofale gasaisitnlamqnmysmmmn supid a first
an outer zone of. a gas djstribut] nber adj ace t t.o
Aot e ftariorrol ad i chyiBkt 3R 3  PHRTRPEREs R happher. via a
i @fﬂ?fe ARd oPthﬁfpl@Qcﬁl%§ Iﬁ‘éf%ra'bﬂdét%dsyaﬁﬁlﬂ&eﬂ)ne aRd an outer zone of a
preferably, flow insulated, fromeach other in the
pga%diatrlbu@@emsmhgr ashm‘«vbtetp an?ﬁeosgé§uld¢1@tqf iasubitete ybetprpgessed.
c simul t di ve sec
cithy SPEhp RS it eV Eia RS0 B BT T ipiated, from
b¥adhasiberlih AR plé@'ﬂl@ Ycddding chamberC dheles diltrfblutibsl system can
communi cation with a vacuum p qu or the like. In a
priafiapeysbrdislit aegrond gpethay is diffegeny fragn gherfirptegas b pragym
g 0
eglzmn)_glféq b&{h‘%séﬁ& e gft":ile S d(:sgll]lﬁ%gétlg lgefejlfqufsl{id g(tgrg{]hﬁﬁl%a@(ﬁ?Wltﬁg vacuum
cbem@s@ﬂyehkedhmn@b&mmdegmﬁdmhﬁﬂn&iﬁmtg&ndaﬁhﬂ;ﬁ@mangmand
g s can be a dlfferent etch as chem stry

OSFRNIoHS dad didhgeant sracgss e Fegcagipls: it cap be a first etch
gﬁ’s CQHeHHétP}%}%Péélﬁorp %thgﬁlgﬂgf guﬁf t@l@tse&)ﬂﬁtgﬁé)&a{n% 4 §i@Went etch

tes of the first g s to thé i nner zone and the outer
z gmsec;herreSQe@tdepe&igiQn ghi dhemidtiey . Sléhegasl dgazbultlsn dystan cad

to. t b ass rsa. ert ne

o Pt neisBaTyap Ao St bSRafE Ben o ST Easttd efidfner zone
gafd HeRRtdr26nd, PeshBRIVERC Wi GhARbSId LA Qe REN0BNEBYy-pass line,
within a short period of time. [001 L The gas

diasd vicp U@HS@mBS)dS‘teémg onel Qfdh@,gaévﬁ todh¢ gp@ls_s\lme@lanﬁmver of the
a||OMI tchln ha over a _short
&1 BHVOT Oithe Bt PP S TR g GO Y Ethme

t P0(EA8] | Nt'EHd @K d@ftrllﬁltm&yﬁtﬂﬂlqﬁtaﬁ&ﬁrswﬁthﬁlﬁlg idegicerk@st Alow gas
single zone or includes nmultiple zones. For
neVitFHNS o gARchapse evsy; mt%ﬁélogav@rled f g @@twn dys aadsecond

\Agu&i% ¥u}%{ﬁl%dft(5 Eéglt&ﬂﬁ‘ of Qv %u fan ¢ gﬁbeF BB iR O LRE1eZBRE or

second gas is
includes multiple zones. For multiple-zone systems, the gas distribution system can

supply the first gas to the inner zone and outer zone while the second gas is diverted
to the by-pass line, and then switch the gas distributions within a short period of time

so that the second gas is supplied to the inner zone and outer zone while the first gas
5



to the by-pass line, and then switch the gas
distributions within a short period of tine so that

w0 b@s®eweond gas i s supplied to the inner zone BCHUSWDTO84465
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zone while the first gasis diverted to the by-pass

line. The gas, distr.ibutjon system.can alternatel

st erie T ebRaiate ShoRy S Ds rEn e geicby supply the
t gt VA LaHhE BARD &lto dRAGRIDPET Be I88IuLEEhaRRSet QdctPfor bl d¥Bired

to all ow qui ck change over between different

ppoteke thge tpadloat qwelschange ovgdetivdenatifferentgageessing operations

chem str..es, . e. alternati st e of .a h of .
SIEELSfiE R Sutreafiuid S8 bR eord ARAR Y Focessing a
eghpdbi@iztor dehice "B hpEfatedRmboaimde, He he@lo@ntepsicaMbe different
steps, e.g., a faster etch step, such as a main etch,
afghateps|cat-i A Epipr sichwsp. eick Bs 3 ma cishicmd agelaiively glower etch

e ) e r - Qn. .. -
VB SEF R PRFEER rE Ry B TR R Bl B4y or ifferen
depesial depdkitenstdps dat depadlt slifisren matsiidds biitatagubgtesl 9]

I n referred. enbodi nent of the gas distribution

swﬁéﬂ] dNVONEFECO PIROGAS e 81 10K OPHOmS et it me of a

r ggé & sitfnNn @ YRGHHY %g@ﬁ'&ﬁ&ﬁn a pﬁc%fuﬁf é‘}ﬁh%eﬂ Péf@i%ﬂﬁ/ a plasma
confi nenent zone, can be replaced (i1.e., fl ughed out)
byodnenteat zgascandwpoplatddanel, flisted woedyi mbthet pas aoagodition

chanmber within a short period. of tinme.. Such ga

” aRToaGEsehto P PR b ereh S oMo AT Pie Sepiyge
ahiceteft prBREMDIPES] RS RAleYedMrd BithheSout 3NmBRAMEIABHy within
nms, by providing val ves having a fast sw tching

c &gsaBianiabguti2Q0mhse by asovidisg vallye hayingsy Bseywitching qapalyhity in the
conf('h.ne.ge{nt zone Cﬁ? t]ave angas votl ume of, about A1 ¢

| PSRRI A | TR S oM MaR A5 AL RO g Volume o

C Bedes lifePto FVoAEL St 4 PhashiN (26ce3§1Rg BRanEH: €61Sprodddsing 200 mm
pl asma confi nenent zone can be defined by a stack of

conPYherevafers. gy, plavmracoasingmer| zge ean be ¢SRAdRY ¢-SB\Rk &
DeohafeAeRindsuch a3 Hhefordd infdnfifor) -o%%ﬁs}{s.[P&é%]NoFF&sms1,

i ncorporated by reference inits entiret

1 wahéxghi is hereby iresgropdted py sfercnandusteatiremnt eri al pl asma
processi ng apparatus 10 that enbodj nents of the gas )
G207 bt Q&ygwrﬁnf@sme%y BrNIGRUHICIRF uterigh glasma processing

aRpHALYP0 Ht EAPBIINRRS of ALY UNPNAIASYst@h 1BDREBe used with,

processi ng chanber 12 having an interior containing a
s Ubs tpparagus U ponprised aoncwim climnzbes obplasmb erobéssigg chamber 12

supported durin l.asma processin The, subst r at .

< TBYBE 7 1P HalNASA YRIRE SEPRRV] e WBRBASPRRIYe Jis
ek@sjotes haltniégtp@nﬁ& krob8ssindhiTae shﬁstﬁt&e{@?bﬁ 14 g GhRER AdMSping
substrate 16 on the substrate support 14 during

pHedes prvgrabiye destiosietie ehuskr Sowhihris epaietdd toglamp ghssubstrate
PR AR ARl B Y RO SRl Blrgunced

Pad@i tindpild/&addige finP Rldiedteix @nsidBs ol thaHadh XA2R bSarts disclosed
which is incorporated herein by reference in i

t
efft feremgnlyfyoed|U.pnPaiens /emdicatian libbiseiaree. U ﬁ@g%ﬁ@%@ﬁﬁ%
PLRE&SS ﬁt{&grﬂbl?ﬁg&) ﬁérei:h?by' @Péréh%@ $n fis entirety.

[0021] In a preferred embodiment, the plasma processing chamber 12 includes a
plasma confinement zone having a volume of about 1% liter to about 4 liters,
preferably about 1 liter to about 3 liters. For example, the plasma processing chamber

12 can include a confinement ring arrangement, such as disclosed in commonly-
6



pl asma confi nenent zone having a volune of about A
liter to about 4 liters, preferably about 1 liter to

W@bwene®ed i t ers. For exanple, the plasma proceBGI/H§R007/084465
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chanber 12 can incI ude a confinenent ring arrangemsnt

such cI o owned U. S.  Pat ent

2 05 aad D P RE 5 e 7 e R A Rt sy o e in s
I entlute@y ecméffn%we plﬁgnggéﬂfﬁﬁnkhﬁzd% agHB g OMEABEABRNEystem can
zone. he gas distribution system can replace such a

v odplaee sccﬁh @a@lum of lges il the plaswo n@mfn@mnt zongreitiwirtother gas within

orerarasiS: ot Bl bRt STl s et Sy ARG Hichou

S Wisstaafibl ick Aeeksich, fA dshfafemet BeeinneTBiEh ABROAANREEM! rings
such as confinenent rings 120, can linmt the fluid

cdAPnsan diatli B TurdeanmBnigtioadiomn slaptesniovgame o pertigns of the
e T 0 PR B R A SRR e s pme

1e0022y i ﬁﬁid,sﬂlbst&ité:)asﬁlaﬂ‘ﬁﬁ&ﬁdead bass utiteriad, saclshd 4 iidon wafer; an
wafer; an jnternedi ate |ayer of a material that is to

bgltﬁplg@@é%]@der f agtnatelé{lléhzgds toRpgrosaseedy g ge etrled [veY t the base
aﬂﬁt&aﬂ%ﬁ'aqgask%qgly&\é%r thi ﬁltérﬁ{eﬁfa@ ?911 efﬂe@ﬂt@fmedﬁl@ layer may

i nter medi at e r may be of a conductive, dielectric,
obe seatowiuducd, idisteaed, er sahicoidvetinaskienigl. | "H;ﬂemaskmg loger can be

patter hot.or esi st _mat eri al havin openi ng .

D BEYEPeH IsTorS BTG IS an Cash g siterd foy dchipg Ghsired features,
Vieas nad/ Ahs 4dd@RNaR@8hes! 1 thd ﬁltérﬁieﬁfa@ﬁ%'ﬁta%dyo?-ﬁﬁé oPRBOdther
one or nore other |ayers. The substrate can include

atpgersi &h&lsubw&@noﬂcln@wmqnablayms of eonducigvepdielectric or

t Efgm%,glg ucglée s%&é\%eerq C} gasgﬁa%etf:] g&% azgagl‘(%\é%ayer cpependlng on
S @Hl t§ Gﬂ&hﬁéon@ﬁ&tbﬁ@exﬁw%ﬁﬁe@@n ﬂJaQ)abeaﬁlateﬁaI erial.
[0023 Exenpl ary dielectric materials that can be

sedExgmplay gliclestagpraterialsdhat¢as b prasassesk pge for syample,
atcio]# Us?ﬁéo%‘%tx?& 'asﬁd!h ?@oﬂﬁﬁtg(? 51119&1 g}?ﬁ&q{n‘f’(ﬁdp‘eﬁ A8 bgﬁe, such as
e; ass; srlircate

as silicon
gkidissiediox ilepgdn-on gliss; d;dpﬁda glimesmbped driumedoped ittkemakbgiticon
doped or, un-doped TEQS depaosited silicon oxjd Such
diP&idecand; d@Pﬁ‘g%‘t“i' dPReIcHOS deirasited Sl iEdherIes %lé:%cﬂw lectric

S AR GRANAUG v ¥ ie! aaééﬁﬁuctﬁfg%li] sé}ﬁlc&%ﬁéﬁ(f&/ géll Lidas owc?ﬁ"t]alhne

nmetal s, such as alum num copper, titanium tu gst en,
nellllybtdernfuaﬂlsaamdh ahdhmlmim,mpgperntmamude syngsi¢ohmalybdenum and their

ani um. met al SUICI S,. S ch s titani
S AN dksayhan BT Bl S T ETePB bR QU pesdts i Sheide,
[ Q924kn ThRiRW\IRARBUeRLASMRiRY, OCessi ng apparat us 10
shown in FIG 1 includes a showerhead el ectrode

aﬂylé!ﬁ‘bl y Hedxegplary olapos prosessing mataarsmorﬁ@ownmﬂ%k includes a
\gerﬁeargiae é:clgr%gb Slse %Erq} i nShovver f Patezzo otrrtniaC hae \gva 3f the
esu IaeIR ¥Ie & yls ocatey

b@Ia‘Mﬁ@ mham&rgmmﬁleaa 22 radadhiaa tS thepapporPplatee A2Baffle
uniformy distribute process gas to a backside 28 of

t Reserikbive A9rated. betrrenhg shoavealead #8lapd ghgrsupport plate 20 to uniformly

distribute process gas to a backside 28 of the showerhead. The baffle assembly can
include one or more baffle plates. In the embodiment, the baffle assembly includes
baffle plates 30A, 30B, and 30C. Open plenums 48A, 48B and 48C are defined

between the baffle plates 30A, 30B and 30C; and between the baffle plate 30C and

showerhead 22. The baffle plates 30A, 30B and 30C and showerhead 22 include
7



i nclude one or nore baffle plates. In the enbodi nent,
the baffle assenbly includes baffle plates 30A, 30B,

W@ @889 Open pl enuns 48A, 48B and 48C are dePCTEs2007/084465
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between the baffle plates 30A, 30B and 30C; and

bet ween the baff e. ate 30C and shower he

PV sshesS TSGR 508 OB 250 BN 1SR OHER Had by OeeSsing

| BRddietihr ough passages for flowi ng process gas into

the interior of plasma processing chanber 12. [0025] A

f 10025] f r ety diestdiequenvydurRed lenewelssourccelOi (Osicdngrollably connected to

contr.o nnec edtoa O trol

oA ool B8 PRSPl @ FO iRl pBoBE srongy i
a nfelch&ficaraeiRardgxal o6 athe mlra%qﬁ@rﬁ;y thiel RIF pswveif JoREPEINA Yrovides
tuned RF power source 104 provides a variable

f raéfquajﬂe frequaicriviigh ithihés esphndiment rgngeafiges! ¥ Mide 1o 72 MHz, so
Mt_l'lza z %ew{thm_?rﬁe(/{]‘?atblezfr%a% £ X\A"Ithlalf FEE&:%}I)%I\?\J@IL@R&FRF

frequency range tune
S puweesousceflioformdd t@receive un@mnﬂlrmmputr;ﬁwmu apditefleowse RF power
and reflected RF power and to vary the frequenc

© AR o s il amemegan e freapenprane? of b7 7 2. ARl inimize
" Gifleerhad: RivaqNeS tﬂerfﬁga thfichly Ghed REGHGREKIURA, R

power source 104. [0026] A second frequency tuned RF
p 60026] s o uA cecohd Bregeercytmred] REapdwerconme d 08 dk ¢amtlallably connected

controll nd rOV|des to.th d

cfot betsintlen S il TgRUE REES 8 SRR RE o etk gRoush a
13&ond RR:cBEREN thakdrEsHAEN@Y T @@&n@"fre@lﬁ% RN pdW& source
provi des a variable frequency, which in'this

edBddiarides arvariglels {ifeqegnc 2w iy thiscerpioddmgpirangss fiiopa26.7 MHz

S dhe M Egetity MR oY R pRaF T BT SRy TS second

I geguerRy AR RERSIIE sOucP W fopavelo refdve &id aedsatt deiput power and
power and to vary the frequency in the frequency ran

ofeflzgted Rifpowes apg topvagmghe Beqiens yintbe frequeagy eerpf 3o iz o

F
GRS A L ORUEDF LU SRR
C patveioiousdel IP8connected to a controller 500 and

[ o e to the shower head eIec rode 22 thr h
gqu\# ? > n&@ﬂ%ﬁfﬁ%en%iuzﬁg B&POIEY SOU$fe lt2hrs canel Ealreql%yected to
t HQSﬁ’tr(ﬁE:r @gﬁ\’gﬁd Hde€ R&\ngr 8 rtﬂé’élg)%%r}fbaﬁ @fe'cé‘@(h&2 throug%l a third

frequency, which in this enbodi nent ranges from
VeEchani@0 nfitdiHmox 1dd. ﬂﬂllatthlﬁDerHEIltY emedRIFower haurce 112 provides

vari abl.e .frequenc ran third freque ned

Y BaaTE e GET Sl RO ettt Qirafngst SRE MR s mnz
0y$ Biat 6O NVES 1lesndltﬁlﬁftﬁee@4rﬁdre%eqn@ﬂwra J TR MRl yregdﬂselcy tuned
frequency in the frequency range of 59.7 Mz to

VRE oot 15 isinensh te deRIvesovsne abwig utiie pewerand reflected RF

SRHIMRFH: PR BRSSP

Rﬁuﬂ@rﬁ@i reflected RF power from the third frequency tuned RF power source 112.
[0028] In this example, the first, second, and third frequency tuned RF power
sources vary the frequency over a range of 0.5 MHz to provide RF tuning. In other
embodiments, the frequency tuned RF power sources vary the frequency over a range
of less than 2 MHz. More preferably, the frequency tuned RF power sources vary the

frequency over a range of less than 1 MHz. The tuning range should be large enough

to minimize reflected power and yet small enough to allow fast tuning.
8



sources vary the frequency over a range of 0.5 MHz to
provide RF tuning. In other enbodi nents, the frequency

Wa 086 BEY power sources vary the frequency ovePCHUSBHNTEB4465
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of less than 2 I\/Hz Mor e preferably, the frequency

ower rces .var. fre e er
L) & R R mess et Beh R RGN Y Bl bR late
enoNId e lrrblrurrrg I8 BB fEtad ReY&H B8 dafRtp1A8BIJA, 30B and 30C
enough to all ow fast tuni ng.[ 0029] In the enbodi nment,

t he: qgwémh mth et imenzarieet 2pind tag oREr apik 4Gy trafstise, :tﬁtaﬁ&: and 38d,
t.he enuns. 48A,

b S Ol PPN e 12 4 RE oS iR B STdaf grocess gas

| AvEhg A0TRert 2espBElivREad blieiis R ndtbr thyw $88d By @8@as d8Ribution

38c and 38d, such as Orings. The inner zone 42 and

8@18@% 20perraferabhnuiisier sesst péaleﬁr)a@el@ 589/5 Gag s segplied from an
oS R Ko SR o5 SFL B 3 e

stem
caoid @ls sopplt He imo rah raﬁhlllIEIr chafifik] 4Gaand ehes p |t111€ﬁ@1télfz©l’ﬁ3 46. The
i nner zone, gas, sup 40 into the jinner zone

gREOCES &3 plems é%fo’flglbrheé’ﬁ“&&?sép theprdtlg alates St ;’}Oﬁzrnri é?@ and the
a %&W}Héaﬂfzz%ﬁq%' théfﬂr@erﬁ‘}? df Eﬂégﬁas'rrﬁlt ﬁo&é@ﬁng Hﬁaﬁﬁbé%e

e process gas flows thr t’he passages in the
b{iﬂ(f?alﬂda pl Iato&]mr@ﬁaﬁerr&f)@nmtﬂmﬁﬁl@ thel glatime psivovvengvemdrad® 10 can
and into the interjor.of .the plasnma ocessin chanber
B e Bt el Tioe i Da e o RO AT PRAND PRERRINE

PLRARSS] PEr ARRMIAkRSoakQnjedBr sRE e RavBaTohg @&l as disclosed
system for injecting process gas into the plasnma

p tioews@Phly-imedd &b . Paet Pa;pémﬂl@ Ne. r{l?/’g?e%s%ﬁnpe%tP@rent Application

SR ESE20mal S PubBd Bl asR o ATt BREKTS el De2aggh of

Uw&mhﬁ@ﬁrﬁﬁlfpoi’ﬁ@(ﬂ hé&ain Wrefddencd M 124nt36§, U. S. Patent
No 6, 013, 155, or U. S. Patent No. 6,270,862, each of

B s Thicpgssr arcid cRaBERH Mg thegflasnenitate jithepdasma processing
e@ﬁérﬁl?JMQ Iity erw@rc QPRSI sé&c@&?ﬁg%@gﬂ% t%, bPE power
a anber y a

"asnma st I'n the pl'asma processing
p@w&ce Sidving en e&d@dsﬂeaa tiensulBktrate wipgpertdid. ViteR e p@wdirapgled to the

22, or_ a power source drjving an electrode in the
s Glssrods ?eZD eamﬁﬁd@fleiw%ﬂrﬂ@ %%W%iﬁﬁ}qné gregyppliggl into the
Eﬁl‘éltnﬁ g&e%@n AfAnftRr Y@rﬂr@fgra 1tl(i11'nf ftﬁﬁ@ﬁ%ﬂ(ﬁao?f less than about 1 s,

nposi tions are suppli'ed i nto the plas processi ng
c hraomb prefek @hly pase trenabbyt 200trhs. Ntz ¢hang egas odmpdsifigssan change

t ha out 1 refe th 200

lofES nafgiir gL LRedi b7 b R eHARa AT e saes
o104, NMPBIRITCAa Y hA hétaBidsl 1m1'>eea1{cb ifdtchiBEEANGs, B Quch devices
third RF power sources 104, 108, 112 may have

meteyael bafasi enseda tﬂ:@awatﬂ@qﬁhaggmevmpe@n%whers di¢fgrent gas
q%gﬁlcgssltlo%asz%g ﬁrtogld,ree ffoarstg enou I's] lés(s) thra%ta out 'fhere gw dﬁrst
I npedance eren as COﬁpOSItIOﬂS are DFOVI

f edcohdl AR RESDoWRS Soulrfi3hadd Oatiable Sequentied &fdodre ablk i€ measure
first, second, and third RF power sources have
varipabing efledekREpewentns QranalE dregaeneyae graimize reflected RF

power. The minimizing the reflected RF power matches the impedance of the load
from the plasma in the processing chamber with the RF power sources through a
matchbox.

[0032] FIG. 2 shows a preferred embodiment in which the gas distribution system

100 includes a gas supply section 200, a flow control section 300, and a gas switching
9



out put and reflected RF power and to vary the
frequency to mnimze reflected RF power. The

WO wing the refl ected RF power matches thePCT/US2007/084465
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i npedance of the load fromthe plasma in the

processi hanber wi.t h the RF power sources through a
PR EER b0 % AP enticagol s ach ST o TReb Gt i sm 100
i &éfaias@lawaqnata&es% %gbhw%oprwﬁy.81t),tewml%ﬁ@s éatﬂlﬁb&gg%b@nm

as Ssu Sectl on , a ow contro Sectl on ,
gn@lrnmuggngt%WOt@htrnbmatiomrofﬂmgasmumlmiscbti@or%@Qnﬁl@\mtbmpl
wth e p o%her. .Tlg‘e ast.di ribution system 100

oretioRany 9 BB ESio 4001 ol 1 er 500 (FIG 1),

033 | S [GARNEGtRribit el 1000 k s@ipl pEection COME4rduppl
\ggg’ar agi on of tgﬁe ags ;&ulgggﬁy sect imfrvlgaZO%fp %‘al C():V\ll Iéontrol _uppy
tsétffqr@ﬁ 2360. wiill aghLst od @et@ﬁn%gr%@i?tgsaﬂﬁ, teghe flpyEeairol sgction 300
B D8RSR IHE LM AURIFN 359 245 N InIAR HPRIkng gasey can

ahavesdifforvdt umeBiPngasdsr gdsdldvheatdsl fewn eadii gthdr. sect i on
00 via respective first and second gas |lines 235,

3 ]

2483 e Thellew serirdl sedion SGRdeerceaic Ratpatgl e dloapiate, and

c ggﬂ(g}ﬁﬂl#'agesto @(\ﬁ;\ﬁ}qéthle Qﬁﬁpcgsht%ﬂ, BP(tli?l%réan g%%? ﬁ'ﬁhcé:flt ﬁbegrupplied to the
[0034] The flow control” section 300 1S operable to

cowitclohg sdveioh HOW The BowandtraptctomaldOycaalpsavidodisidjens flow rates
t he,conposi t.ion, . of. differen ases_t hat can be )

L S IRoRYtier bl el R ooat e e b M rGRE pFion 400 via gas

c 9%5@3 32@932'60&_@3‘%@, 6] ré%f)&iﬁvg@. dh hi&kienthé FeW rhRdta88/or

and/ or chem stries of the first and second gases to

t heensiniry ehthadirgesas paon®oond gasdhas ipappliodty B plas@aprocessing

, ivel y. diti he, f )
AR A TR G R e

t BadhmugicatiepPlvithd viaGuirh QuRbBS R stBMO S Sk betwiRA AR@bo bdmp and a
(while the otheL gas is diverted to by-pass |ine 50,
¢

WHRUR ISR cpim be fiffegent &orrthninisk 1% 4% AR the QHeiARE 40-
PUNpL t i ang,
e A S R B ot s AR A Bangpr g
apkkerik@ico utrers thoRebsdbte 14C deraiyrghincitgwbitaspeoedsing
section 300 can provide desired gas flows and/or gas
cHBIPIERY es across the substrate 16, thereby enhancing

S at ' i j :
GHAPEY 5L BACESSPURBY LR 10, LRkl B A5, v

opertabfremttbe Swit gahtofthosacohd gdsi within gabort petidrbolsteneo frdallow the
gas within a short period.of tinme to allow the first
gg%“tg%s Beber%%‘%eéie‘af ‘@9 S¢rad §%%1&r?d51‘§?&§ Z00f  TeylHBleeOIEh &8 the
OfndeH bddel2and AR Sute Lzdhe 46t WRild ﬁﬁﬁﬂtaﬁ&ﬁ@ly@yéﬂﬁ@% B&irst gas to the
outer zone 46, while sinultaneously divéerting the

f by-dessgins, povieheersy - Pssgas|sivitehing secrionet 00 greferablyraan gaitch
SW_t chi Sectian. 400 preferably can switeh between
ctween [1‘?: TSt 0and second gases witho e qecyrence of undesirable pressure
t he I rst and secon ases W ou e occurrence
ugetesd draill @y RIsedsitles in the flow of either gas. If desired, the gas distribution
system 100 can maintain a substantially constant sequential volumetric flow rate of
the first and second gases through the plasma processing chamber 12.
[0036] FIG. 3 shows a preferred embodiment of the gas supply section 200 of the
gas distribution system 100. The gas supply section 200 is preferably connected to

the controller 500 to control operation of flow control components, such as valves and

flow controllers, to allow control of the composition of two or more gases that can be
10



surges and flow instabilities in the flow of either
gas. |If desired, the gas distribution system 100 can

WOorai0aoenos® a substantially constant sequenti al PCT/US2007/084465
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volunetric flowrate of the first and second gases

AR 415, DS, LB, ORI OB S

segh i&[hd%%umpl& b& @aredbet NoUi(e0 QO§ mbeml@m arld'®16, each
gas supply section 200 is preferably connected to the

c being dn fleid ®OONuHCationtith the Piest gos e 235 ffﬂddhﬁ sasand eas line 245.
npone er.s
o ATBARE i sy SRt BB Zaf By B fBHG: HET%u s mpeures to
t Bt plsaih NOsaPIRL icREMBY I2herhgasin®ePpl ghs S66icePNRCRAEY inl the gas
t he enbo iment, the gas supply section 200 includes
ndistribtien ga%erngQ e?etsotimztedz*g 4ny pggculaggimber of ggsigpurcey.put

a C

PR R B 0 8 SOTINELE W A B8 sl
S w&diion Qbe cgaiichidp plofe gaator d;HBs ﬂ&ﬁ tlﬁ:eadflgﬁttgmp Is@!urﬁﬁnylcluded in the
di fferent desired 8as m xtures to the

pPBCed SRS tnarBdiO12. Fatanpioéic H¢ S@agy s&iop @90 can include
' 'E\% l{gﬁg Foﬂr tfl@@ tgﬁstwglv%t §1kt@é’ﬁ loP Eho?é’ §£se§5h1]cgg Tﬁe &%ﬂent gases

limted to any partl cul ar number of gas sources
ptlet earald provided bgzlds: ratpeceasgastsaorces inckide mdigdsal gases, such as

saur r exa t he s supply, section 200 can
Db 863 bPeNE AN e e e R ERRS gt «B0br con
' ﬂ%bfb@?@robﬂbbﬁ‘ @orﬁﬁ&ﬁﬁiﬂs NRBk aSOPYWTH P ahll Ghe Be. ARne preferred

exanpl &, the gas supply section 200 can include two,
t hmbedinfeptthe plasrea progessinggbhmber is px eteb gharaberrpe éhegg-ﬂe sources

i PR sulttPol B8R CER TR PG T AP OB S LR oy

S ¥githb&sSor@er thé¥eof) HThe phiiculN? g @l suppied bl ehe 1@SpedBld gRSources
gaseous fluorocarbon and/ or fl uorohydrocarbon

c 8hp8lingan barkstedsbagmhon emiesigadoprogrss fhakis. to pp peermed in the
CRERARRAS STRRILIRAL 1 0, LRSI 4 o555 AR AR ostin

Aprocéﬁes NPhe @s%upﬂb-l@ectﬁlﬁ&OO@élEﬁr(ﬁmé Wbl asatiGHFRR ghiiding the
abl e order thereof) The particul ar gases

< EhiFs %‘fﬁ%ﬁ?ﬁ Ppeean b suRRljcg ot B eshipg prosg e Al ggnaterial

sql hﬁg&93§§gmon the desired process that is to be
per In the plasnma processi ng chanber 12, e.g.,

p&0037¢ ul aThe(gay sepmh lsfwgloariﬂ(l) oreferableral ml indegeosit {dasirone tuning gas
process as su ction 200 can pro

DISSEE Ferut oS SoBB Pt g TR Sro et Bae tb Thiger eos
CaihbR aSethiPbi £ebat@Ve RA! ulh AL RYluBtRIbBE opﬂaeleﬁ?r&%carbon gas, e.g.,
and/ or material dep 05|t|onBErocesses 0037

s Gph. yingkeemedimonr shpwhén HHE 3. shesgasisnenly @@Eloaﬂo() elaléudes a first

Eenu%l%u%isrn]sgmggél % gﬁé & gectogd ?ud T stsgﬁrclg %z? fgg.gigssclrltbeg Eelow the
arigR funify g otaeily @.n@ @é‘con& ﬂﬁﬂngslgasa;oﬁﬂcﬁ Qnocal bigpl;otﬁlmng gas to
f I uor ohydr ocar bon ., C4F8. In the enbodi nent

s thecappgsitgpn Qf%be @@é a%déerpﬂeyoeb&qﬁswp@dco thecgag qwifching
f kESibn 400

[0038] In the embodiment of the gas supply section 200 shown in FIG. 3, a flow

control device 240 preferably is disposed in each of the gas passages 222, 224, 226,
228, 230, 232, 234 and 236 in fluid communication with the gas sources 202, 204,

206, 208, 210, 212, 214 and 216, respectively, and also in the gas passages 242, 244
11



tuning gas source 218 and a second tuning gas source
219. As described below, the first tuning gas source

wQi@saeesecond tuni ng gas source 219 can suppP@I/UsRV0TIER4465
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gas to adj ust the conposition of the first and/or

[ Goa81 PRt Ban SaBn RS e S as et aof SO CFeH dbene s
showie b1, FdsBectRelyd fﬂecmsv@ BMtFP e e 2® ﬁé%&mﬁé ?J@eplltﬁ()l the

i s disposed in each of the gas passages 2
2018w @3l gB3RpplRBlbyahe ags@eiated ghb wtuim@nﬁ)ﬁtﬂm@ad o8, %9t Hhe

e G e R o e A

246939] f | Uindh€ofBatimeat Shownh Fl(}t31®afvb§ 850, Q@Blaféglogzﬁ& along the
source 218 and the second tuning gas source
r 83pRastasgeflgwnstieamiqf acheefthe gns Wavges 892246 E{h@valves 250,252

RS BB Cp AR o TRed gy AR BRSPS gndifer s00. o
f hbow céffireml gad ﬁuxm&s talﬂé)ﬂpwed er tblfiystgnelina33 dddoww the second
controllers [0039] In the enhodi nent shown in

Fg@ ling %F\Pégxaze@e Bsopeging the ¥y e 2 iRy 1atebwgh gne or more of

J8SudQvIpt s 1%3(Wh‘?1f3 tl?&%ﬁlaﬁfm%bﬁv&%ﬁa@wc?ﬁ&i with the other
16 The val ves 250, 252 can be selectively opened

ODncBI adskdgaspoefces 201-91 wadetosednt fioit gaf mixterecanbe shppeied to the
500, to.allow djfferent asnn< 0 be.flowed to

et et ufe 420 TkRos et Tl SasD e G ate Y R oy more
F@f tHROHER lo8s sdAYceRRBMINNE (Whle ¥R ¥AginaRd aR%s 260 aisB6iaWdtWith the
one or nore of the gas sources 202-2I6 (while the

r ethgl anaypl vizd gas SoRBes HX DI ae elpsed)t hsached pasheixtenesan bé

the gas, sQurces 202 21

oD SN EER R Fe e T o Ru R L o Pt iRy mass tow
Lirdt@dfIBe filY afP&ROAY gztshecafﬂiev;ﬁsVlaé@toa@s Oigdt @heHne®3Fand the
one or nore of the other gas sources 202-216 (while

t FREOp@ gas Wnaf v spagroderhoResati %ftt%lgw SUBPlY ectiondp.-
f ot
gﬂgﬁ nj’ 16 Hek: 89&68&@:9? et s%{l sgégaﬁ)zog?s' ?Iﬁegéwé?to

xt ure ‘can e supp
2 pvidsccamtntglsylow af the tisst anad tsdatfoﬁd gased viraths fiidt@as Had 235 and

of the first and_second ases an be provid tao
f feseCqulseasiing 2235 eHRely fgﬁﬁg@% ths ?r?ém%ﬂsasaﬁlowed to the
gfyslrngl k&gs s%}f&ﬁ&ﬂtﬁp 19%vniIb %&ﬁﬁe@é@ R Mvarald o lf?pgass line. The

In a preferred enbodi nent,” the gas suppl
s by{plamiukomn ibs copexceed|te atvaapm@purdp, @ thohke. Ny centinuowsly

of, the fi d second gases via the fir.st s |jne .
Sk poh &t Lt at o aa oo abe SpedTutifigh it AP Ean achieve
f idpid cl@ge BYeldIeheS@EARAY. 0as S flowed to the pl asnma
processi ng chanber 12 while the other gas is diverted

t 004g b I§a§§hbwmpref¢réectgrnlm§1$@emtuozﬁéhec@w b@ntﬁﬂﬁﬁé@mé@O of
bg} ? ltIIF]Ub lfol ngte gbh%hl | k\% co% rolcse{:{1 1nc es a 1rs|9gow

secona gases
dicsiitrd] Rettioars0s Yis fleid chin@dsatda Widvde fiagi gds ﬁiT@EIEi‘fr@MQhe gas

of the gas flow ) ) ) o
supply section 200, and a second flow control section 315 in fluid communication
with the second gas line 245 from the gas supply section 200. The flow control
section 300 is operable to control the ratio of the first gas supplied to the inner zone
42 and outer zone 46, respectively, while the second gas is diverted to the by-pass

line, and to control the ratio of the second gas supplied to the inner zone 42 and outer

zone 40, respectively, while the first gas is diverted to the by-pass line. The first flow
12



[0041] FIG 4 shows a preferred enbodi nent of the flow
control section 300 of the gas distribution system

waems/odteed f | ow control section 300 i ncludes a PET/ES2007/084465
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flow control section 305 in fluid comunication with

the first n 5 fromth ly.secti.on )

D Gt is D e B b M PEt oGk Rrife figf gas line 235
C Wb §&)taka%‘oﬂﬂett MolRer aR Aamdl th& ?ecgﬂ@ﬂf)&/%htr&esectlon 315
gas supply section 200. The f ow control section 300

i §1V@®?@ tlabilew 106 theoneonsll gas igradacédoatdlic sagend gasdinedds into two
| i ed ner zone 4 ut er 46 .

7 SEREE Bl o0 e PR e 10 i M0 onB8 fith 305 ingtuces
bymw A8 sddohe@ gaPfilsde@s 82NN f1Hi@l doatrhthi@dtioh RatHS@E itr zone 42
gas supplied to the inner zone 42 and outer zone 46,

r BBHRWET XRIeYH0, IERPICE velevif hestwitshing systamAD0; gl the seqead flow

g&#gﬁ %e({t oﬂe_’)flﬁ-[&efuc;és rfﬁgt a$1I P 918;550 #as?f%glagg d?%%%n {Jﬁled
f cominugaatibn with 2BSinhat nt WD asé pateat@ecift teepectivewsviafthe

the first and the second flow control section 315

d?WﬂﬁEggfﬁgﬂ$ﬁg%/of the second gas introduced at the

E(f(ﬂ@jj 93 o gﬂr@t%ng(‘f' érrhﬁﬁ:ﬁwhi"@héﬁ@@ﬂ&k %oﬁ’t%ll s@&tldcnl %n@fthe
second das. The fiTst flow control section

| nexdoud élewfdongdl seadors 8 Loerth gardudran SengetsyoXReby rﬁ&ﬁ:twm Each flow

fluid co tion.with the inner zon QULLr

b P BB O eh e it £ iy By S Gl flow

aRdidies aRGABE b1 PYHEQRL MRk fB]CkitPBoRlRsthREL AR Ald Shintain

and second gas passages 364, 366 in fluid

c ennApRpToEIMAtA N coRstant ghepriessuer inagngion 2f Hreas pesspgesapstream of

o FIFES DSt B PP S 00, Lo

S @ietv @ﬁtrap&ca@ds I NrefeeIn dmidd@yva Q6N JIR bf 6:€Gdds 0f) % Sk, three,
each include at | east two flow restrictors. Each flow

r &ty fiva Prmpyeeridicab legchpsfesably havdng @ diffarent ices-sectionglor
I‘E(Jtl%ﬁllSIZIaré) gQ dlffe‘ren-.F th&Vgr a%ﬁitféljeﬁtt Q5L onal area gThe

pre erably or f I ces ow restrictors restri
f keswictiod sivas of the driéicesapp siaxilerahsl fie Ctmstsﬁjmbn@aﬁeas of the other

pressure_in a region of the S, passages st ream of
aRertionsef thaeas fipd paih ¢t thegas distihligm phe [Hlsr helagiees are

gfktfér%l S8k 10Pifi 30 ST s FldGs %%ﬁ@%riﬂlwé}%ﬁ apihe cr1t1ca1 flow

ction 315 preferably i ncludes a net orifices,
e ragime e ftolmr @mfrof sagtipn BOW o that tio Mo wordnflngesce e agven orifice

pt ef er abl i .a different cross-sectiona

P ol B i€rtrickigh Sk i BRrRRRIE. gbs the flow
dicbiRicBnte 6f ASHIRRGhIONRL, (e _fx@ssuﬁh&rof) Q&lokd b iofifics tZ&hieve a
of the orifices are smaller than the cross-sectiona

agéfagﬂ@rwnamthmuablthqdzrrftqemsreaﬁeﬂ he gas fl ow path of
tpﬂf(;qu?S dl'n%fler fl:nq ! c Ss¥1%%v% 111.#6 g ashefﬁl s%ggn(?trlow control

abl'y sonic or| ices. oms ar

pr&kionabiy, 3opeiatiaduas fivderifEdst330a832f Baw 336 gh.ﬂrsss; NFéh&ample,
flow control section 300 so that the fIOMIconductance

otheprficge A3 3PEi B¢ B30 anst ¥ Randave elaivg resyrigtioq sizes, e.g.,
r 9§atn{e|téf£,lo?rén§,lt@8, ﬂ)ﬂg, @ﬁ,t Jnﬂ%mtwn?f‘e%ﬂéc%\fe@.s Aclagrdflﬁgqy\,’ when gas

flow occurs through all five orifices 330-338, the four orifices 330-336 have
approximately the same total conductance as that of the single orifice 338.
Alternatively, up to three of the four orifices 330-336 can be opened to provide

different ratios of the total conductance of the orifices 330-336 as compared to the
13



conductance of an orifice increases, the pressure drop
across the orifice to achieve a given flowrate

W@ boodlgitocs he orifice decreases. [0043] | n the PCT/US2007/084465
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enbodinent shown in FIG 4, the first and second fl ow

cont ons .30 315 each clude five orifices
S0 st SO U8R 1m, PSP bR int e i the fifd gas flow
33Rd 1338econd3Ms 18760 Aindd8,na a2 hay ﬁler(ﬁlltétzbﬁ@%

restriction sizes, e.g., dianeters, of one, two, four,
el Hd) an@nghme@él@dlm@gp@mncmw dlfzf@fcmtrrmrm@ryf onfiens, €.2., a

OBls oo BEBEES VB e St A Ea Rl AT otk i epfadS he

t eduddiple of et 3B0CIB 62 Th Radon@forifide pedfergble Ak tHel safe IS&Briction size
Alternatlvel% Iup to three of the four orifices
e

339theasifica A3helropeh smbpdingng oy irtfaefdhe fipshgpsoydagr second
t f

D AP ARRUELRARE Sy UL GE R PO ARy 11
o[(ﬂHS] t o Balped wo@réﬁembemre Nedateadupefredninef Edchof tigassfeove
and .t he _second gas flow to the inner zone 42 and the

oQtiEiFes Re 3840 CPmaﬁle e Oh e Tt e B2t (b fea Qléeea For
d 'efcefn‘ﬁ;l@ Nh tﬁBJHI%?ﬁmQ oﬁ’t'h‘)lfs'e@tﬁﬁl 305 agld/or hd QbR Rbw tc&‘ﬁhol section

oritices; i1ncluding the orifice 338 and a second
oBi%.iome ot e oetht aaless Bl(hcamhetqpphﬂi torallbivcfsv 880e 3BEG.gas and/or

The second orifice ferab] s ctjon

TR on g B0 R e ok g B SR sk S 23R T Wikihe bigg vatve
r3b0 & endd@ dlohSlovd 36 thRFH4Yas §ﬁ‘(ﬂ@ﬁﬁile @@&)nﬁ '-gﬁmd 188 ofifice(s) 338.
the i nner zone 42 and the outer zone 46

a[ﬁﬂ"ﬁ(l melinghe/fimst EIOW[CQOH@] seiiEVEY, Q@@rﬁm& éﬂé%@ararl@ fluid

gcated. u respectiv
ORISR R Lo D Tod ESRRRG SRR bl e
g@is® and Secoh@ g8 pdsbpes 324,306 exmigR bR, iniffiid f@nmufishtidn WMh the gas
control sectlon 305 and/or the second flow contro

s 8vitthing seryonondPabofrrghves 620 isHecajed wnghe B aphireprd gas passages
0 @Sﬁ‘ %%6%(9 c@ﬂtlroq\ﬁo(x} cﬂ'vqg@ Fisk Q% 1]‘1(1)\{1&{ th h%ﬂ? /09 In Ic'e)e&focﬂg orifices

t'0 one or nore Re®associ ate or| F
3 3@9336 of ikiflre fidvecaittod kectiah 365 820 iisned permeﬁtiz dral/@l thowater
flow of the first gas, apd/or the second s. to the
or P14 e (18 2nadgmafipdarBoqimerh et Valg ﬁ%mts@ along the gas
Sggstsh%g 3303324 A b@%ﬁlh&@ 1038 Go it @ Qi ui d

cation wth the gas passage 32 The gas
pédEiE} e 3m2h¢émdﬂvwdeduwnbdunhﬂﬁfﬂwsnﬂand38ér@HMggadongﬂw
passages 26, which e i.n. fluid comuni catj .
R EHEe 10" THF SRS 0P FefiVidat P eSO yiles as Bg: which
| grelif %ﬁ@@bmﬁuﬁﬂaﬁld‘ﬂ With s SHEQRbEaSs pgs%%gm @§433%
326 to control flow of the first gas Tl owe hr ou

offsportivabr e\ pdir phealvgsi 3‘240@@@63@@413 £0$ pPasieges 3443 |t@wontrol
C?ln o(%lthe F rs&lga(l)sr}‘llo%&(/)e% &1 ce 323@% dhezflr nd/dosrﬁcotn & as
er Zone n an erna IVG enbo

obass@eseasﬁm l1e Qﬁhﬁ&n@ﬂl%ﬁd&ﬁn@rﬁ&h@@iﬁr@@ e§1v8923120 138ﬁed along
can be repl aced %%&a single, four-way valve. [0047] In
t e 935 Patsagasod ] coh a8 bedertagedrbysosngleHfauwpy velae 338 i s

aw(ﬂ%ﬁ]ed Iﬂltﬁ)@&cg&?ﬂow control section 315, a pair of valves 320 is located
along the first and second gas passages 364, 366 to control flow of the second gas
flowed through one or more of the orifices 330-336 to the inner zone 42 and the outer

zone 46 of the plasma processing chamber. In an alternative embodiment, the pair of

14



gas passage 319. The gas passage 319 is divided into
gas passages 331, 333, which are in fluid

W@ 0ostenocat i on with the first and second gas pBCEHSME7/084465
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324, 326, respectively A pair of valves 320 is

| ocat e as passages 3

of oo PettedaBiE e Pinrenat o Gibe adicsSg il four
fivagtvapRd second gas passages 324, 326. In an

alternative enbodi nent, the pair of valves 320 | ocated
a[QiHQ] t heInghtsngals@ﬁgwwe@ql se@BB1 Tldn theeorifisp 1338 exdarkapged along

RS B Y By R oy GBS M itz 74

al\’@lﬂgl droen flbid Tbmanthi&ee RAhIAS fiRASSRGREnB Bk padfiBed B64, 366,
control flow of the second gas flowed through one or

méRseecivelyhe’ BRif pf vadyes3Rh-iglsated in the ganAwwages Hé24Y 4dagontrol
t t
B ROy BRSSO el s

| pashgd 38k 036). tlhan g&Srnaﬁ&Sﬁglﬁﬁiuﬁétﬁ tkﬁ@ﬁu@)ﬁﬁlalbés 320 located along
repl aced by a _si i% fourway val ve. %9049 In the
s StSatid PR1SBEFSCURt ¢ Caél@etrﬂa}ﬁce@l@ 2 yIpge Ut BEs | s

G@Qed 'ﬁ{eod}glctep 830338 RASRALE 3R he fﬂ;‘\? cHAPoIRESRAIDO to

9 is divided into gas passages 372, 374, which are
[ pra‘vlenn ptessorersurges ahd nwvingtibitities 1f1|t]ncsgasaﬂmdv whenthd ggadistribution

ass 364, 3 S tiv A pair aof val ves

a0 100 iRhser e s BOREC by e oS hdes e KR ieg 13 om the
f lripw fotottﬁ§se%%ﬁ@?£js gﬁ’&vfcé%ﬁsi through the orifice 338
to the first and/or second gas passages 364, 366. In

a[ﬂ%lli er rﬂatthwemb@ﬁgméntrﬁélnwn in FéG phithe gifs pastiaged4B0fthe first tuning

d 372 4
r ggﬁat"%&c&aiéﬁ le(i 'h\ﬁé?%“% &;;%1%\7& élr& E%@%%a#%% ghe first gas
Ophdsh &I 433A/0? I8 ont @as pgdswgéeg%ldir thdErst 16w commdlrsettion 305 to

section 300 to prevent pressure surges and fl ow
i adiugghe fifst @as gampaniiogad he iganwasmas 2 et fhgssecond tuning gas source

d

Aoy CHTEL) RSB AR OB LR kL P e Chlsqes 364
t hed/sewoont gapasape 366 obthesecvad flodOahirol sectibe315 to adjust the
enbodlnent shown in FIG 4, the %as passage 242 of the

f $$°0pd EFRFHRP GO dihe dEstand spqeneiuniys pases Findgflg syrpe tuning

ggﬂh%hﬁg%nﬁhﬁ %é&gg[ng gas to the first gas passage
and/ or seco gas passage 326 of the first flow

c{ﬁ(lSﬂbI s/éﬂommonBrOBdctV@ceaﬁﬁoupltefctrhiﬂyfah MIC gasrranged along the gas

o TEREGi A e (B BFRRE Hang Bt reaabipbly i Confol flow

setardirtuihing ggsaﬁltd Qe gﬁ@;foislsz{g%t3293§2ép @é?@@ﬁ/el’%ﬁ 4n %H & t&hative
second gas passage 36 t he second flow contr ol

s eabpdimest. she mlmﬁ vadies 3R@ lasated rdbngdhe gasrprowiged o1, 3Fhean be

d SECO gotunln%ﬂggses can be the sane tuning

rfg)?aceg P/ fEl.fSlIlrge i r-way

YUnng gases. [0052] A flow contro

dﬁlOSG]E 344 flopr &n6oBidvWceddt OlVpfeferhisly ah MIRQES aghiied aldh@ the gas

gggssage 244. Valves 320 are located along the gas passages 376, 378 to control flow
of the second tuning gas into the gas passages 360, 364, respectively. In an
alternative embodiment, the pair of valves 320 located along the gas passages 376,
378 can be replaced by a single, four-way valve.
[0054] In the embodiment of the flow control section 300 shown in FIG. 4, the

first flow control section 305 and the second flow control section 315 include the
15



passage 242. Val ves 320 are | ocated al ong the gas
passages 337, 339 to control flow of the first tuning

WwWQ@a®seoe t he gas passage 326, 324, respecti vePgI/USIW0HIB4465
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alternative enbodi nent, the pair of valves 320 | ocated

al ong the es, 337, 33 can be

S PP oM por A B G O dne Tt R R gth EOREFS) Mt ggeferred
3é4Rbodinharhy z@raldv}%&mdnssy%ﬁlalrmedleqirgrhgdtsl%na%w control
passage 244. V'%ves 320 aré |l ocated al ong the gas
pasrtiages0B 26, cavBaveslifonntwimponows elﬂdlohféiffsmomﬂgumtwgs from

2% e 5OF R 38T BRI e oy BRFDRRHLR Y 313 can
| athiRdi@ébeithunitRr géorFReS agfsr atifttes 1B GdEreErestriction sizes

repl aced by a single, four-way valve. [0054] In the
efi9auFasB 9thesf the flow control section 300 shown in

E (c%osrﬁ fltlg\‘/%vh%: %Sts rsotfl{”g%%c |on[n311qgS Aaggw ﬁ‘?ﬁeég’sjs ténl?goo is In fluid

C oomoneithtomvitanigedow voithe ssatod J0ONdridwitiattednterior of the vacuum
However, in other %ffmwedeMdemms of the

drBtrbes and B¢ byyrase Hha sowhich gherfins sndsseendesassrionrs Pged. A first
gfgf&?éd SRR PR a"é%@ltgl"ﬁﬂ% Q?s\f@m dbb flse([e?ﬂlted in FIG. ﬁ The gas

conmponent s and/ or dlf erent c I gurations from eac
oswachingEeystax 406 tan, altehelteﬂy seplnaficst aad saednd pases cobrith gie inner
secti ons 5, 315 cay de different pau

o1 SR P SR d bR pior e B hRERET | ot reas

S %%ﬁ@hlfl% Qﬁ‘te@ﬁlqm ptiherid {HRRBRhicAdbnt Rh BRirst g-% bhibtd m and the
system gas switching system400 is in flu

c 6¢A0d lg@sapasme\mﬁ tof thedirk( idow comtal sectivaciOb oand30h tharfdst gas

Wi th th |nt or. o the vac anber dt

skt 4 A the NepRL pt e e HF o L B 1y ot spegon 315
f mvuﬁﬁlce/ét3t) lig @ﬁran@wﬁl@hg eschesthRels axgiatsagts 318 3088364 and 366 to
switching system400 is depicted in FIG_ 5. The

s RIAVER gesipbleatieh0(s seEges dlriag alange Yverigd phe fifst p seamfi gases.
S g WA r

S BRSO o Fallabl S R SERTE con ol 304 Rldividea
St ghd g sy s 143N4400the Sedond fghupahs aperBRo rif clad filenflew bntrol

the fir s. passage 324 and the second gas passage
35%tign 35%8 q%ﬂdgfi P 83 RASPRLCH 45 &dt @ﬁ %éwas B8R 107 of the

t E&:OEH Rl IABoPEREAPT1 $R%IAN s gasadd esgm @%Sdﬁg $he second

6 of the second flow control sectlon An orifice
43@; p@sz@eﬁéﬁ g)é theade oyl &ave borgfol sémgiogad 5 pxa@saigésnta 245 passages

< ot T e RO o i P TS By fgation with the
988R# ol thel Piasrhh EigdmIdag2 pas g@@ﬁass%fgé 498 if enfid r st

flow control section 305 is divided into gas ﬁassages
44@nmeB@atiehwith soindergese fa 96 ﬁxgeﬂ@z@ mf)cets ﬁeg thamsberflPognd the

cant r ol s _di |deg I nto 42,
A e S el UG P BB BT RO R
Cobihh@hicaeed wixh tli’el@slpisﬁgé/ 14ee thoboteH2ShePi®S SAGRSs fxdage 452 is
454, and the second
in fluid communication with the gas passage 448 to the inner zone 42. The gas
passages 450, 454 and 458 are in fluid communication with the gas passage 444 to the
by-pass line.
[0057] A valve 440 is arranged along each of the gas passages 442, 444, 448, 450,
452, 454, 456, and 458. In an alternative embodiment, each of the pairs of valves 440

located along the gas passages 442, 444; 448, 450; 452, 454; and 456, 458 can be
16



gas passage 366 of the second flow control section 315
is divided into gas passages 456, 458. In the

werisorent , t he gas passage 442 is in fluid PCT/US2007/084465
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communi cation with the outer zone 46 of the plasm

chanber 12 S pa 448 i s fluid )

C BATREh by Brsitele P Sy ROV cpcsiais® 440 i b legiselyppencd and
PERS&ES %kéf&as@mglrcola?ml SHe EHRr RS SORES 5%@ first or second gas
provi des a by-pass |ine. The gas passage 6isin

f kauthd chambernvbae siomltaneduskytrivertsg ﬁﬂasﬁaﬂg gasiwahe by-phss line.

46, The 452 is.in fl
ol 7 o R B AR BAE kI8 diighfh fonf 4% ang e outer zone
Zapof . plaher [gasespiag sRaRber43And 4b4rtanel setdfd aisoithe by-pass line,
fluid communication with the gas passage 444 to the

b$hepadies 41+ alonp dlsgas pASsaaesAH 24408 and B ApGyaig oRpPRsdly while the
<44

2800 Chag 8087 REBAIHES add fasgdid uad i i BoydR e it e

t laes Paw ks thak theakvasl ¢hd O Jupphédw thd Dingr ;td’me 4gamd plasaagesne 46

442~ A44; 448, 450; 452, 454 and 456, can

bef tsipksan %90638@% Reareber L3 whijgtpe fiast gas ISﬂ%er It g bMEFSS

C CAA Iz

C e iy Y BELOMEON MO B BAEs S B80 an U Bl eREE hile

sdmradjveg 440 hlong lee ghpabsapes 4421 148 siddfid dbkagslosed. In other

di vert t he othe to the, by-pass Jine. [0Q58 )

Ty A e S oAt 00 hebre et el #REd ph R Ferds

4glo§&ﬂtotshgp19lﬂﬁeeﬁrs? a0 4 NhsrhdBroBéRMITRhPNBEEDS hiWthen the same

chanber 12 and divert the second gas to the by- pass

| finsg gravpenfwalveets dased ahdHyg seime seeendgacipagfealves 240 tened to
an 5 while the valves 440 al o

£ Rl e R T0RLE FRRD e B ) Pr i i m R D heipper.

SY80s9n t hia teagasfswarshmg siyktaih 400eths @6188E44gRG e ifsst-SWiPhihgdalves.

to the inner zone 42 and the outer zone 46 of the

p!Aééwi brreinedsiteig dagripaching valysi meapha valye ghat gasbe epened or
SR 50, 508 DraRaP Bl e ST B

t peefarablyésss 4dkh aboond) hbefgascpaasagdgna4idm éhéd8oatnaller 500 to
454, 458 are_closed. In other words, a first

p . of
VAP dors- iThe yplvae g Péefg@elaﬁ&ecgﬁoawﬁﬂxsfow%é gndj aguated by
' ?ec@iv‘i)[?gegséﬁal?f‘bﬂmﬂé c‘bﬁ@olﬁér@@b tc9§1t§e @ ddie. EA tdBle “fast-switching

processi ng chamber 12, and then the same first group
ofvalvel thescandeaised ecthages $wiechsweneyseecdiids gakya pagie]l number FSR-

R LR R S i OF AT e de i sitvrsap i BRltbrmia
[ psUB8] | naddesdigars, &Wgﬁ§§\bl"t@lll§@’§k%¥ﬁ A8 sant0Bply Wh&/BSt §f0e.g., to

PRIy

ar e fast-sw tchihg val ves. used herein, e term

ﬂ@smtesﬂw olcthe wgcwaal ¢harmbep a/hﬁe diveetinggthe krepnd gas todhe by-pass line,
d or thin,a.short | of. .t.i e

o PF BB afrer BEedi Koy B 3B 00, My Ty ese o

| e%%s Tah@@up@il)pﬂhte s8ébndzas &f the K adR@ethanit@r &/hile dR@ktidel e First gas
the controller 500 to open or close. The val ves 440

afthgbafrapakng TecdnquahPLENE fhag Bietfitst g3 @r strand aviaterplied to

B¥he vacuum chamber before the gases are switched can be controlled by the controller
500. The volume of the gas passages 324, 326, 364, and 366 between the associated
orifices 430 and the valves 440 preferably is less than about 10 cm®. As explained
above, the gas distribution system can be used with a plasma processing chamber

including a plasma confinement zone to replace a gas volume of about 12 liter to about
17



receiving a signal fromthe controller 500 to open or
close. A suitable "fast- switching valve" that can be

W@ 2®d/ 06169 he gas switching system 400 i s val veP@Dtg81007/084465
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nunber FSRSD- 71-6.35, available from Fujikin of
|l ocat ed a, Califor

ASCHTABTE Dol Gl Ay S e Bz Byt 200 ms.

tt@th%f%?tstagﬁﬁeﬂ%@.sterﬂo the interior of the vacuum
chanber "whil e diverting the second gas to the by-pass

| 1006]1] an dA ghesnwitghieg sstbl 4 Qmteerdogrv aokcaid préferred embodiment

A e A AN

duy@nwhisgistibeatdd dSinseasm o tHehRey440ass atrddped albAg each of the gas
amount of tinme that the first gas or second gas is

s ipprees F4R2 o8 h Ohiwingnihe Ranbuitciies pren h‘é(:()g%é@%ﬂ@ same
V%ﬂ)ﬁfﬁ%@ﬂ*&ﬁﬁ tltPe %a%%%%glgg%gstg% 4b6§'2fg’9 g@g%s ég%p ajég\%gt Jﬂ%suable

betesaea siiriges daipaivdtchthgaifighies e$n éhﬁﬁltfﬁﬁuilvhl&ﬁlb@ain\/eﬁﬁ chdiof the
preferably is | ess than about 10 cnB, expl a

asa%of Yahees 448 lorated 3langthe BassAs 18Rt 46@ %665%4@% “4p4; and
phﬁ?%s%ﬁ’%@ M&d%parmfgﬁe 'f&&'\k)%l W@ plasma

i nement zone to replace a gdas vol unme of about A
I [0062] t o Algamvmtdhmgmtem 24I0mceordangitod thifd pessradrearbodiment is

t f | th b t 20
C ASEs] irih (o RS bGPl T sbat e Ang dts@n R s h fuid
S%%ﬁﬁﬁhﬂeﬁ@@n aki %rfi}'str@s ﬁa@ssﬁ%ém BRI §:RDasABOM] TEMe first

is depicted in FIG he gas switching system
14@©secandf SASVRASIPEES é@ﬁj 44 cor bé. |e<ge BBt gapougpt dnd a sgeetdeghs

¢ U SRR 80T B Bt sl PR D SO0 B R ln 300

S YisdveimnI00 4 C@des haviaclude bs@MBnd ARl ogkeF aérieais aguétheAgasifice
switching system 400. The orifices 430 (@r event
uﬁa%s& Ip ¢(b319$&§9§3@r0ét@ﬁ@%&ﬁsd&%ﬁaﬁ@‘@wft ferorfl &1 pgassae41s.

VO eHpal
PG B PSS TR s B 4B i hecond o
4@85sagk5m5 4 3RidediSdto g padkagss 4458428&@1’@%% ppdsagsdi2Dynd 426 are
| e, four-way val ve. %:0,06%4 @gchlgg system
u@&ewqﬁiﬂ% v thy g ip ey igE R HI<BEERS thegas passages
dﬁ@ﬁ 915(135128 fe ﬁ;uld7conlnr1‘uﬁléHt1%n Q)flﬁ]logbﬁgﬁgs hnE h% e 440 i 1rs] located

swtching system?2400 1s in f nmuni cat i on wt
f Rlosg egebsofghs g@gmsh@s 427 424 st 621d 498s Ipasdrgmtive Embodlment

The fi r t and _secon s 405, 415 n ,

T SR i or S AE D P RRa A SRR T i deR B 4P ana 426, 428
I esPBCehMREY by Qfsmglef fdizlw“o@r\taml section that, unlike

the flow control section 300 shown in FIG 4, does not

i H063le USuexpmpler toampplyihetirsy paveto dasvasunmehsmbaypand
orifice 430 s | cated al ong,. each of first
0 glénsué%lgeo rout tsee %eé:ﬂ %lssto gléesl?faaassilfg htﬁei_ﬁzélv?s %Zg)ta S10%‘%the fluid

ﬁs@@% 4@@5nd:1 $281 hi¢igpesed dHdahgadveasmagas: fe das ﬁh%éageaﬂm and
e second gas passage 445 is divided into gas

p438 ageiosade To 4pgch treag AeWp 48 Srg dhs seomdagay Iupprhgdto the
vacuum chamber and the first gas is diverted to the by-pass line, the valves 440 along
the fluid passages 424 and 426 are opened and the valves 440 along the fluid passages
422 and 428 are closed.
[0064] In another preferred embodiment of the gas switching system, the

embodiment shown in FIG. 7 can be modified by removing the orifices 430 arranged
18



in fluid conmunication with an interior of a vacuum
chanber, and the gas passages 424 and 428 are in fluid

W@ 0ostenocat i on with a by-pass |ine. A valve 44BCT/5S2007/084465
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| ocat ed al ong each of t he gas passages 422, 424 and

426, 428. In an a ative enbodi nent,, each of .the

pdi ?hg% ¥ 895 PYRREe, 'd} CEYEY &AF BHG&T 591%P§trf)aé’%§g@8§ alves 440,

43&1 irfte4d aﬁmglﬁg?@onﬁg&ncaeh Bethe %@é ﬁ@s@&!ge@)@@ @ungi@and 428
four-way val ve. [0063] For exanple, to supply t

f dpwhstpam efdhe hsosialed ypvehédber and S|nultaneously

A3 ong EREY FoPRpkde o AR B IRRER wea o

agebpI eiffeadnd @8s dtthigtionghdidielGastddas srgassi2proadtding 26amber
are closed. To switch the aas flows so that the second

ga3 t9 Ber&yyphyarioys etshingand/se deppstivambesessend Fonexapple the gas

g i di .44
SABHRL FIdoh Sut U5V B58S a5 EPSE LGS i amber o
t beh\fadtvies irdd€liadromddd, BecH dsuindSipassagpstetRd tyna od28ying mask,
are closed. [0064] In another preferred enbodi nent of

t ReFhgag %W?%IW@ sy 8¢ eiff2 land canbs dPmeRonShsRicanduetpivafer,
s&c%rhsglesﬂff@?)w&dfﬁd hg’\){né & ORYiRG drh6o ﬂ{rh bl §8PmA3 oThe features can

arrangedin the first gas passage 405 and second
pas.sag evidd indipdtaneban diuringeuvtatteking pa@tessandt is nﬂsmeﬂlﬂb to deposit

39013058 O 2 e o i R s i st HE Skt g ot G ys. in the
A4Qsk [[ROGSFiIIRRE gt@iﬁﬁ@tﬂs& e pRAfARM S t@fed iR thedO), have their desired

di stribution system 100 can be used to supply
d rslfwfper ®at vigabahrerusd picss septign ol stiliagions ateemt rapairhd they can

Cr YRR O OURERGhe e bdabild ReF e itorep g ma
g aﬁ/eﬂmiﬂg AtHih@NABYSE By HePcmate cﬁz‘p@ﬁ{e)d dAtRE SigswPBRSHEShe

to a plasma processing chanber to etch features in a
sif3tweh oxi de, such as an Si O | ayer protected by an

0 (ﬁfd@" NG g?ssl%%en %Q%Hnﬂéd ahok%v&e Cfncf {her[ﬁl%ién SIIB? th%‘I %?rmer

yer can sem cdnduct or
adepdsltedmn Vb&fsﬁte,waﬁa\lndlgleébash ansedhed faefturE@ ﬁ)ffdéﬂn thb eBBQate. In
mm . The features can be Vi as andé$r tr nches.

DR RiGeiag @Fﬁ%@%ﬁﬁyr@b@%@g&@oswﬁd o8 thpgtioabplethp deatire is
d @m%nhaﬁ‘y ReAE duffy Qt@futn? 0 'Pﬁm%fvelt thﬁél?mtepbéc%%% koo thick on

striatums, e.g., cracks of fissurés he mask
( theesldewedis find/br oththediasd, dtd defslatesel JiPats desetasrde sndnahbd

B eBe el me et fpeato R s b emf e ik

t b\%}éo&lﬂ%l Ylﬁ?enzirﬁéﬂﬂt Yf i8Rt theeds R furd €6 InYih § ehet P¥Bymer deposit
mask and in effect be transfefred to that |ayer duri ng

et Hengaskainddeatarep i spppliecciaty the pliepe pracsesingchaber is preferably
S det\r/\o@fed% &eﬁetbh ecoL&oalttﬁ% ﬁ}siclin%ss ?qfﬂle Rolgrl?l%rs d?%eot%h forme on the Si0,

def'ermned Wever hi'c
layer, while also providing sufficient repair and protection of the mask Dunng

etching of the SiO; layer, polymer is periodically removed from the mask.
Accordingly, the polymer is preferably deposited on the mask between periods of
etching of the SiO; layer to ensure that sufficient repair and protection of the mask is
achieved.

[0067] The gas distribution system 100 can be used to supply process gas into a

plasma processing chamber to etch SiO, protected by an overlying mask, e.g., a UV
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deposited on the sidewalls and the base of etched
features affects the etch rate. In anisotropic etching

wee@soewes, pol yner deposited on the bottom of PETES2007/084465
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feature is substantially renoved during etching.

However, if. the I r..bec 00 t t he
PR ATkl ey D R i eer ol el Bt payted bgrthcapiresg and
deghas ?ﬁﬁand%}gtegﬁyn @ﬁhéhﬁ@pe@h@gxmkxﬁ{cﬁing Ee@[hwme dBY
also flake off of surfaces if becones oo t hi ck.
Adwmtmtlnglsystem HE0 anenerablofo aliomea firsaprocers ggagsat‘ihtﬂmhéhe SiOs to
r forn1n mer de
£ BE st Ao WSRO Lo SRR b Tot P TR ime while a
c Bevshe cad Siefusedld) i e fodlhedddposit afiekedeo El‘bzpiss line, and
t he thlckness of the polymer deposit formed on t
Sthep tp gyiskly spftch dheagasdlogyseeiteat e segend gasapixtyre fajuppligddinto the

pg&tsﬁﬁtﬂooﬁgs s% éﬂlﬁlﬂg?%(fog%«% ﬁy@éﬁ%ﬁ\yggt ?/ﬁnlg B}% st%as mixture is

IS perio

A@mﬂléd ngthy bytpaes nmd yRreferdbdy, pheefist gl niixdepespiled t@n plasma
t he mask between peri ods of etchlng of the SIi2 | aye

t GORHEHERt FH5tot élt?f plpsnaprocesgingicpanhel 1pr0est ?‘F‘??F?n&fiﬁif ff@laced

n%dﬁ thS se@6HA gé/serglxtlﬂrg Q\qaﬂin d E@ncgﬁéf 184 sstﬁziﬂ £t Pq rﬁ&%ﬁgﬁerably
can be u to supply process gas Into a

p iterss ﬁmalahgutcﬂﬁ)ﬁnhm rTheopl&snthcdBfi@Rmpntaoee peterblyly ehas a volume of

y ma a Uvresist mask, with control of
@“FH%E%BE% C@$$Hg¥§ner deposited on the features,
_ 6‘8?]t h TIRPRE g AMIXRFOL KA RN GO & dBREkn, e BN& B@dFocarbon
SMAt i ng systen1of the gas distribution s%sten11 Ois

opleacis| wich @s 8o anfliargon. ﬁi@é@&sragasvf GsEd t/@rgen cin bhe.g.,

e _sup I|ed nt o Qcess
i GRR  E A et g R e
useate, aﬁlﬂmmeatﬁﬁkx&[’@thaﬂﬁﬁ@&ige fin 0 YE&5O0BIWL OT'H second gas
bypass line, and then to qui ckly switch the gas flows
s HlixtyER u&eﬁéo &vé@maplgragr FAPRYifea GogtadiySel-i elduerahysrpensbon
PLARIR, RIRAGEES, PO AR Tt ol B X HIROSHL 15/500

|rs xture is supplied e by:

| keven. Hiesieebmbgas,mbch&e ta sjitiogaly Bils@(irtd:lh&iei@lzp Howed id p}oaded ata

pl aspa conf i nenment. zone of the asmg_ processi ng
cRampentpnolirequendes af fkikiz ?-%M@v E{Bé@amwr%th@t can range

S&GAND %aﬁ)om L Ut a\@af)zmlt'i‘vcac ﬁ[édgﬁasﬂ{a ét@f?’l%a&talafbr %Rﬁégsmg 200

1 s, nore pre erab y less tha out

phasna3@bmm1weﬁnnﬂxzﬂmempnaﬁsm&bkmlhasga70@DwWEnofTheﬁmtgm
bout V. liter tq about 4 liters. [0068

bt rets bl T e B oS e nchgber for Shodl Tieconds

f kdIRE 20 BRBnEPQECh Bithe iBHGRIréRucEd o tHOZhARBe AN thelRBond gas
flowratio of CAF8/ Q2/argon can be, e.g., 20/10/500

s eseiverrgvie thd ky-pase lingle dndihe eeandagas ovikfiureais ipoiergbly flowed into
enci es of. 60 and
% eclalfasma TQcessin cha%%ﬁ for ahgoﬂ_%b swnci.ﬁoe EMSEJE 8 ﬁ%poglgss BlR time it is

ca n ange rrom
nhmtddneedmaﬂht: Sh{maseiN(RhPOthE TREt gde ROE L értediad tgOohyt-pdse line).

% D%hhg %tcfhlln%oorf%l; 9 (r)I? g?lrlbbs?rgte the length of the etching period and/or the
polymer deposition period can be increased or decreased within the preferred time
periods. The polymer deposit preferably reaches a maximum thickness of less than
about 100 angstroms during the etching process, which typically lasts up to about 3

minutes. During etching, polymer can be deposited on the mask to repair striations
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speci es, such as CH3F, and argon. The flow ratio of
CH3F/ argon can be, e.g., 15/500 seem The second gas

worRooséweran optionally al so i nclude Q2. PowerPCBUS2007/084465
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provi ded at a conbi nati on of frequencies of 60 Miz,

27 ., and 2 MHz at powers _.that can range from50 to
S0 1 FEgh ok Pepait (VS RN ¢hE s RR BB RS B BF mask
f BfefRHPIGRAS bR chatRPinEIin3B0 M NYa64c8s. t he chamber
pressuré can be, e. 70-90 mrorr. The first gas

g.,
mi 04691 e | Bhephinst, secabilyand| thing cherhandcal matghlbesanl 06, 110, 114 are
processi ng, chanber for about. 5 seconds to about 20...
P LR P B et e Mling RGN 1S, SRBNY, o sriva
(Waiherct ighed RIOPSIv @dasuicss 4y €08,8d 2taad theelohy @S plasma
line), and the second gas m xture is preferably flo

| REQSCtSE Prmbanl br beldist. nerosr aandehird giechaniid bq§e§e1@é\rl1\§1d0, 114
RaRR T PRERRII R B ] B T DG g el e

byuieRlychhhgieg reciper iThgregdehthagnwehtiG Gies dirqacrestbatin@pevided by
the length of the etching period and/or the olba/msr
dEdERt PR e ¢ HRAUSECY HEpd RERPVET seriesseldde t08ild At

t RGicRIyehAi&skely MBcRed QSk1y VRS 'ngiéﬁé dePaR! Ibad and the first
ere%‘Cer‘/Z%ll reaec}’hes Ca rra@‘?rru% tgﬁllr%%n Ss ngf [ ess Etlh%lnn © s
abawnd, 100 thind)sieclomicatl oatchdbokbel @, ¢ h0,nd 4 pridcths smpedancof the

typically |asts t o about m nut es. ' e i ng,
oyt adfsufrddte R BoNasusbpads 2 M
S10078) | ONSiAGTkhP HANinE R o AR KN PHQE 86 b dh v&??@ﬁ(ﬂ%%@d\%‘en
the shape of the openings in the mask preferably can

bdeprsitionaind sbaping {eteh) ttherearactevagl hardweresfeatppe agiichiye to work
fi rSéE’ jﬁcomsj\f lan% thsi E)d anelitt]oarr}:i Cael a rtChl -bO%(leS ilﬁ% ocessin
1 QR 4G 885 RIS BUSh PO AR Wy TegEe %EE@B%\HS% ' ATy &
behmigs. THiS ifdchRived BEERARThg tRAplathh KelufleedUan s bodide using
RF power sources 104, 108, 112 and the |load in the
prefensnbiegss . BisdHbasnerators PRee (o hesble oaapily, tuggi to the

pr il FGARLD & [ Ry Srithis o af e Gy Treauency
c ausddelnratbryaradper tldh yomveatighal gnechaiige maldheurafs OF &, bekth@itical

i nventjon uses frequency tunin rovided by the first,

s SHpFIonARArPHIGLY and g iiamey e HORHT $Bifragd ghe ratio of

< Ofneer Rapc I8 AUk bl AORIRCH Wty ERUC Hedd which can be

s dwonthe caddfaréntfoonmtéehaain gases mad cim bofedsn 108ectalle flowltd the

ith the | ance of the first, _secon and.t hird
¢ bl A eyl BER Yl Soasprbiinhir SEAR s MR dtan G tgye
Stcog@nltbehP basHR peIHEhdntODSsiRAYE: dpPlisdploesss¥Ehi forth in this
rapi dly between deposition and shaping (etch), there

adecwespér al hardware features which have to work

t ?e.r 'Wﬂ?g (& ISIlV\e/]?t:i]OLIIl s DSt debsgrit?e 1|n|t R orf.e?%\lz‘le%ﬁ.pgeafgrred
transrtiontirne in € processi ng cnamper. IS I'S

aembedigknby thepdkira gltérbgor3| p&HutatidhtN®d 36bssiiRe bq@salents, which
passi bl e using confinenent rings. Also, the RF
g&Rkwihigrthe srape of Biviavemrion. dioshouls dsabe npied that thereraemany

alternative ways of implementing the methods and apparatuses of the present
invention. It is therefore intended that the following appended claims be interpreted
as including all such alterations, permutations, and substitute equivalents as fall

within the true spirit and scope of the present invention.
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rapidly varying plasma conditions. This is achi eved by
using electronically frequency tuned generators rather

W@ bag/ocior ent i onal nechani cal nmatch units. ForP@GBES2007/084465
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critical dinmension control (CD) and uniformty contro
' it and the ratio of center to edge

gggﬁﬁﬁgagiaggﬁgﬁqgctable Finally, a tuning gas is

ngeded AWhlGha Gafer pfocmﬁlgsemec@fhpﬁélﬁg .erent fromthe

mai n gases and can in a selectable flowto the

edge oa p@emae:hambert\hléh wafa@m.a cSofinegamb otet Widna géblugle| and at least
t he ore nti oned hardware constitutes the overal
ng?S €e desired for applied processes put forth in

thi s daguaentribulioR dykstenyWirl pRoibing al fiviesdk inBl a Ré&®HnB @S] wherein
described in terns of several preferred enbodi nents

t Hergas dpsgribyitiop susteissan syhstantialhy fephnse onp el B tﬁeitug@m@ the

.egéﬁo}{@ [ggg]'tn%{lff‘ m%ou F{)j‘?é \}vum erHtIQer o@§1 & r@ffat %Ld M}:' s%con mﬁ]as within

i nven note here ar
ahtperiodiof e thay $ sofhdéraipl aeﬂiienplaﬂga foneedrat the (ﬂ)&sﬁmdone from the
appar atuses of the present invention. It is therefore

" B SACBO s 2 £ TP Br 486 logd apduharein & pegppg Plggma formed in the
pgfa%rng rz@ltleeﬁioﬁsthé EB%[)H(@ %&?qr@tlldessy Q&Oﬁ(ﬁ hﬁ;%e@lﬁh&'l%ad different than the

rmut ati ons, and sub ute equivalents as fall
mﬁmhumpuhmaikué spirit and scope of the present

i nventian. T IS CLAIMED | S:

proces §'? S%BFHCYéBW@rﬁgPW@“ sgu{ﬂegg %t‘% fhegt least
Pbas BRcERRf ih AeHFRTeqh r‘éﬁhéchvﬁeréﬁ‘ﬁ'th’é“ﬁrs@ﬂg whcl BA%H RERwer
el ectrode; a gas dlstrlbutlon system f or prOV|d|ng a

f sowee Jgalbleam decgiveageleniedyRE powheans thng freogfaut RE frequency to

di stri.bu syst can stantially replace one of

t fE" ¥n¥e&wé§¥xg§&8$h%W% %%gd gas in the plasma zone

wi th t hee@nbgre 3ﬁénctyh@nefdl RS bo@éssoaRe foingosRGRNHv@a%o the plasma

within a perio |l ess than 1 s, wherein a first
pEBRIAREr bR Res@nel fregpRncy rangswupHireTthofist freaveney fanggavherein the

F&:\()hﬁi %égf?enc ﬁ{rﬁzdll{]ﬂ;ﬁ%@c@uﬂcg ay &j) r\é@e‘? Elefeded g‘ﬁg&%er and

asnma sma zone ron1t e secon
phnmmdemqmtR@dﬁmdmmmne®anmezéd&deﬂmﬂ&ERprwehan t he

fi.rst |npe ance |oad; a firs frequ ncy tuned RF power
séurce 119 P%ﬁliné\)"{ Bé?rrpéoﬁé%gg t i, ag ﬁeésltg i glaup lowléerem the first

eh% 1R urlell REF et lsofilc® AUBREY eﬂr@ﬂﬁ@ a W&t ety @0 ithp&fance

uency tuned RF power source is able to receive
r efaItCéldhe tirRimpalsece load andimeccand tietparcy RFinfipedgueEnusftch the

t fl d F ; d. a.
F v ey Pt isgia Mo Bt Batued predranng pdserend
t pgqilm§ma chanber in a second frequency range outside

of the first frequency range wherein the
3. The plasma wafer processing tool, as recited in any of claims 1-2, wherein the

second frequency tuned RF power source is able to provide a third frequency to
impedance match the first impedance load and a fourth frequency to impedance match
the second impedance load, wherein the fourth frequency is different than the first,
second, and third frequency.

4. The plasma wafer processing tool, as recited in any of claims 1-3, wherein the
gas distribution system can substantially replace the first gas or the second gas in the
plasma zone with the other of the first gas or the second gas within a period of less

than 200 ms.
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second frequency tuned RF power source is able to
receive reflected RF power and tune an output RF

WO e@gercy to mnimze the reflected RF power . PQI/UTI007/084465
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pl asma mafer processing tool, as recited in claiml1,
ere| flrst frequenc uned . RF. omer Qurce, i .
2Bl e t ShBPEIPAL AT ing é)&ﬁ:eﬂﬁ ESFIEE 1 PRICRIANOES dad-cfherein the
tBFasﬁﬂarcﬁimbéfFfﬁﬁfb?&%%rd gesl: and a second frequency to
i npedance match the second i npedance | oad, wherein the

first fsebfercyppert Hirfshppatiog & hafertwithis thegasma chamber; and
frequenc sma waf er processi t.0

oot od Him iy p foRrERAR Rl PERCRRH BE L8B4 Hport

f bequemay pladimetyalRir PEWEEing bl,GE rédtedh €lain® 5 PRueMEt@®ndprising

third frequency to i npedance match the first inpedance
| serfinemenbringsspaeedsapar) betiaen the chepbeaiopanaulsyaterapport.

S%CO”dT‘h?Bfag %ﬁér%? Ces%/i’ﬂgto%h rbs%&? el ) ]%Hng &H&&%thérs of

differen I'rs secon reque

4 theldoafipérasitainggftee sybsaate Seppugt, hﬁxﬂ)bhanﬁi&r t@Cdefiad thmplam{a zone.
of cl aipns 1 3, wherein the gas distribution systemc

s8bst alfif Blaspa mabirareccsyiag qu.l < repated iy apnf daiyd’s gﬂgfrem the

' ﬁrstt *ﬁ%g@érﬁ? @iﬁle%lq{}e%cyvvér@ohﬂ%‘é‘ aRd ﬁ{%rseQJndt uf:ﬁcrysthn&ﬁﬁF g[)wer

he second”"gas wthin a period of |ess an 200 ns.
Tb«wrp& amphevaftert Rﬂfnmscyngvdraahugeaﬁ lafsea:haneldMHz any of

cl.ai ms 4. wherein the. Ias champer fur her
S 1 8 Pyl GiaSerhpet i R P el o T g Iolperein the
WohhdibribhgoPt RemBcshgideer ; and a chanber top spaced
apart less than 3 cm fromthe substrate support. 6.

The pl adust gambessagerandd@sserony gao phssageadaptadite e imflaidai m
urthe risin onfinenment rings spaced apart
bg?mggﬁm?h%lgqgﬁggﬁwg%én%nd substrate support. 7. The
pl asmaa\W@fegasPaones ahdg (el gas passh@Cadapedditd be iraflind6,
wherein interiors of the confinenment rings, the

s GoRmuaicatian b asecondEas Hagibe fifsh pndididigas prrsagss ysing adapted
|
z ?CPSJI%?R/ o%a?ﬂ? (He \@éﬁqﬁn}\éﬁ%ﬁ% rrgingﬁgg §éc159d Eu?(?#durtﬁ al gggsageeq being

Irst fre
tumgﬂxﬂﬁspﬂﬂ@@aSQﬂHbﬁpaﬂdmbhe second frequency tuned

RF power_ source tune the output RF frequency over a
ran g e Bfirytday syhglhng vakg arrgngerplong) the Rt gy ggpsage:
procesgisfgnk R swﬁéhlﬁg %1(/@ grrﬁﬂgea r&Yon%fthé: ée%bﬁ@ ézgs }%ssage

wherein the gas distrfbution systemconprise ir'st
gas_paaﬁmgbﬁemﬂw@hm@o@h¢zgawggh@sa@éwamm©gaﬁx$@@be in

10 SOmmDLSaL PR LR Aol Gee LSk B AL, 0o

fluid the first and fourth fast switching valves being adapted to receive signals to
open while the second and third fast switching valves are closed so that the first gas is
supplied to the vacuum chamber via the first gas line and the first and third gas
passages while the second gas is supplied to the by-pass line via the second gas line
and the second and fourth gas passages; and

the second and third fast switching valves being adapted to receive signals to

open while the first and fourth fast switching valves are closed so that the second gas
is supplied to the vacuum chamber via the second gas line and the third gas passage

while the first gas is supplied to the by-pass line via the first gas line and the second

gas passage.
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communi cation with a second gas line, the first and
third gas passages being adapted to supply gas to the

wa 2o8emochanber, and the second and fourth gasP@EEESHGBE84465
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bei ng adapted to supply gas to a by-pass line; a first
fast switching val ve arranged al ong.the first gas

I 1 3 L S R TR R o T
thﬁtﬁﬁ@ﬁqr@&ﬁfm%ﬁpﬁ%slhi rd fast swtching valve

arranged along the third gas passage; a fourth fast
swi t chiadigstiliweestictandeptedtodregrtanged dang thedast gaadisagpstream

the . first and fqurth fast sw tching val ves being

adbge s resontist svgREre e wni 1 e the second
and t hiakecdnaFlowsikirictr agaptéd wae @fa@ged A68¢theqeédhdigat e
first gas is supplied to the vacuum chanber via the

f upsfteageef the hirdapnd feyeh faptsgvitchng wahiesd gas passages

whi | e ' ied. -pass ik
Via £ n e RR AR shan TR LeShckls L SRR gl
papsagesitel aoonstdne gaepestraind repion df tiesirssatdtsedondgas lines

val ves beina adapted tqQ receive signals.to open while
t HBStreRpIsRf 28R prargupterhg Hist andirecent HeWvaities™sar e cl osed

SN h atrpk ?Esﬁ'ﬁ %@& @@eséiﬁ% ?d(')ﬁ’,pals ir&@teﬁ @ «tsllaffn YECHMWRIn the first gas

chanber via the second gas line and the third gas
pliss hgen wiine bttveeh ithestiirsgew irestisaipipdnidable fict tuldesdoynptiss

line via the first gas |i and e second gas

oS ees v8 Veratde i diabonhl B oot dBeRRgpd B ine fas a volume

I 86tweBHl tHebeSbril fIBW resiit®6ring thd'@irdlaid Ebuh faQUWiRRIng valves of
system further conprises: a first flow restrictor

adrapthad abouttd em'r anged al ong the first gas |ine

upstre of the first and second fast sw tchi.n

V3ves 1% Rlpslih SueldiniboeRBlie REEET fer @ m G0 G 1o, furner
aiheRgethe 3o aguibuEos ORenfl fg@fer komprisepst r eam of the

third and fourth fast switching val ves; wherein the

first aftirdBewdertistonpdapedty be arangsealongdhs Bist g3 passage
”ﬂb%&feﬁpa&ftﬁ‘@fifs?ﬁs%i Mnegg@ﬂv°‘ .ant gas pressure in a
region of the tfirst and seétond’'gas |ines upstream of

and pr axourdt ow hestfidtoisidapted ts be amshget alwng elsd decotidgs. passage
11. The phaﬁna maf;r Prqc ssing tool, as recited in
cFaVRitieam Qites acAnd st $YiFng4dveii ne has a vol ume

bet wee ) fffﬁ]lq]JVjJ fe%&ic_ft(grQaWa ©std li)é:zIrPefng@@ glohg @nef thfr& %aﬁ%‘ﬂsage

second fast switching valves of | &ss than abou
c d8wngirednt ¢fehs dodridstgastchingealvasanal vol une bet ween t he

second flow_restri.ctor anktEe thir nd fourth fast
swi t chi*ig QPW&%S“BWOT wlapeg pe ﬁﬁﬁﬁeﬂfgmcg BS TOpSN Sppgassage
pluspiBreaRf STthOIRE@TRIRFittRAL vaRs; recited in any of
clainms 1-11, further
wherein the third, fourth, fifth and sixth flow restrictors are adapted to
maintain an approximately constant gas pressure in a region of the first, second, third
and fourth gas passages upstream of and proximate the respective first, second, third,
fourth, fifth and sixth flow restrictors.
13. The plasma wafer processing tool, as recited in any of claims 9-12, further

comprising a controller which is operable to control the opening and closing of the

first, second, third and fourth fast switching valves.
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wherein the gas distribution systemfurther conprises:
athird flowrestrictor adapted to be arranged al ong

w0 b@sfers? gas passage downstream of the firstPEEHES2007/084465
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swi tching valve; a fourth flom1restrictor adapted to

be arr al ong the second assa stre

Dl B Bl e e RS Ut e e AR IR Ry SN oI\ Ferein
r q}%tﬁﬂs@fs&ronatotﬁﬁ& QR4 tRrigad rstﬁBlQﬁ valven&hnttepeliéd hdd@<losed
passage downstream of the third fast switching val ve;

amdthin & peiddl df] lcﬂmth@sa‘houtt(&)rmadﬁ@tre@bmog beigank anged

h d f h
A8 S el MR RGRER B0 AR TR I ot °H Febper
apémphisihg a lhOWsti®Stioh FleMibsr BdvéenLdriphedohe aﬂ@bﬁthaidheawmch are

approxi mately constant gas pressure in a region of t he
fﬂpgﬁnﬂgﬁééﬁﬂnl$ﬁhpﬁw&nd fourth gas passages upstream

16 and Tﬂ% ?;ﬁgnﬁggﬁtg& egaﬁg Fooﬁ V& %éle’eﬁ %n clafpf Tg %hﬁtgélh rtl?e gas

fourth ow'restrictors.
pﬂaaﬂﬁuMﬂﬁgmmpr@nmgseﬂg tool, as recited in any of
clains 9-12, further conprising.a controller which is
oper abR&2 Firebhtysism. t“ﬂ%clb@{emdﬁ@thﬁﬁwstcaaé'suil%aleaﬁcoalﬁegas

first, ;986006 rol Q’sfeﬂl ﬁ%lﬁ Qihbdhinf @8bn mttff@éd’é%upply system,

val ves. 14." The pl-asma wafer processing tool
r ediichegblitsm Bowy ob fhedlrsti gus i18e 48 inngh eorei filow hﬁthf: |frrsitg,as and an outer

secon .and fourth fa S, ng val,ves. can be

o BN RIS s B R T BENEeq B SR i in e zone
aﬁ@Hftoflﬁ)@se@@n(ﬁéisec{ndraﬁ%%teY B8k Bow b8 ﬂfé' second- %aa_hﬁldp' asnma

waf er processing tool, as recited in an cl ai ms

1- 14, Rywitheing sention whwg ipinghud domeetignuldtepemibariblew control

1N nner. _zone n out er 0Q

800k ThfR A8 ufhls 2hEor 4RI, RO ENgZh el tnd wherein
p moseﬁ&hng st@@n, sva&hEE£LOW &sltheInidr abme dfthe gﬁbedlahnuﬁdﬁemember
gas distribution systen1conPr|ses a gas supP
syetvea thened zepo{lpyed thenfarst gasgnd glg'smaﬁdmﬁe gigsesnid gas and

g%ereﬂl Ihe%\%tl%ﬁ}ﬂg sQAUoﬁ%%\/\ﬁ?ﬂ%s‘ fﬂ)v& toufhg oﬁ@ N o?ﬂét %[eg (ﬁ\étflgutlon

he gas supply ch sp
f infegibeg BStwicait theamtdr 208y {130 E t}fel fovt o ahdil éhefoutstzogaoarod the
an outer zone flow of the first gas and which splits a
f PGB he second gas into an inner zone flow of the

S ?‘? ond Tﬂ@?la@ﬁﬁg v@l@erg}l‘&&% sﬁ%hfb%l Fals 9&1@8 1ﬁ D8ins §6, %ﬂh&%m rising a

a sw tching section is in fluid connectio
b bymemuteh wheleowhe owitrlohg sgctive aisanditthes thaimaer zoedloana the

O T2 0 Rl L02PTR SR S0TEIR e S5 B e
otau{ehgo&a@ma bBthe s&dnt @As RABSY-pass line.

18. The plasma wafer processing tool, as recited in claim 17, wherein the flow

control system further comprising a tuning gas source in fluid connection to at least

one of the first gas inner zone flow or first gas outer zone flow after the flow of the

first gas is split into the inner zone flow of the first gas and the outer zone flow of the

first gas.

19. A plasma processing apparatus, comprising:

a plasma processing chamber including a showerhead electrode assembly

having the inner and outer zones and an interior volume of about %2 liter to 4 liters;
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between the inner zone flow of the first gas and the
i nner zone of the second gas and wherein the swtching

waewsloresw t ches flow to the outer zone of theCTHS2007/084465
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di stri bution nmenber between the outer zone flow of the

first gas and the outer zo ow of. the s nd
17 S S kiR Y B SR LB R BN ieat 48 VLE aby id outer
chahd¥ol @ﬂe dheivbehd ae&pédesas%@¥ th@éiﬁfthé s R stMBRIR Hstem

the switching section also switches the inner zone
f being operable t6 sm@tangaléy rephise pdingrprognegafor asecadquogtss gas in

t he out.er zone f and t
o TR DG Srome B Spn e M b Eetaht B ARREy S ob B spepne
?rocérﬁega@kxaﬁlﬁﬁa pai&rofnémsﬁﬁab@gt t edompaisingeci ted in
aim17, wherein the flow control systen1further
conpr i $iZAYSEPHUTISIEE gechsrayides the frstiarerespertenditemsecond
%Hkg&sasone of the first gas inner zone flow or first
s out®er’ zone flow after the flow of the first gas is
split niflosv ¢dherol siRedm Hofdd kboawudicatibe withrtsd ggaspplpdystem,
the outer zone flow of the first gas. 19. A plasm
pPEEDSP iR OB AF diedust RigsRST 8% iRty anamgfrra@ﬁ%\ﬂaw&é dhssfiinggprocess
gmran' d'ﬁq:ér%h@ Ho® of QW h@%gesg |g§§£ﬂ(pxgﬁcﬁl§1§lﬁ§'9 lﬂY)w of the
ving the i nner and outer zones and an interior
v edaong pm‘cea;tgasﬂntx&ah ifrer zére fllow bf theseddnd pgasss gas and an outer
distr but ¥sten1|n fluid conmunication with the

iﬁWE?‘ﬁﬁ& ongd Aces 238 Hl shower head el ect r ode

assenb la)éwu@ﬁlﬁg 8dtioh NEhidRSs i fhlidl LoHeb@sh StRb&NMIB EloRontrol
operabl e to stbstantially replace a first process gas

opysers aed g 1@m€t§@esfsargia@t¢rrzonh ef @b&@hémtrdmlpm areaber, 204 evherein

D F}%ehsg&ég:ﬁ]dl tsggtg “ﬂ ges ti Zot th%;igrfegéénﬁ?ﬁfs tﬁe S cﬂ@trl%utéon member
C @BfiMfeks tHedhnet zgaéﬂswrwlth/e Siy6protass whi &hil dBe Gdﬁeﬂ@é‘netdehe second
first process gas and the second process gas; a flow

c OFRCEHI 235 paqd wheier e gechibanention aMiteheslavnto the ogtgs zone of the
g&’s"(ﬁﬁ‘mﬁ%{é&?ﬁkm%ﬂ &&Wé&‘! tht Sufdr E(# OW 4 Pf {EE efifr tip?(gsctess gas and the

OCess gas Into an I nner zone
pbﬁ@ﬁ&ﬁwgaﬁwaﬁdwaaxQHQeMEzqge flow of the first

process gas and which splits a flow of the second

pr oces$ fFdrgaRensYARnaddhie POy BeuFae dOF RIPVidig R iRythe plasma

PhRfcEssth aRid A9 fﬁé{tf?er ué aﬁé%&&n&ﬂ@ﬁﬁ?ﬁ@%ncy tuned RF

pfocess gas; and a SMAtChIn section, which
f pawer momees tbloto tretime eaflected RH mrwetrcatntl twle @ysmmdeﬁ'fdequency

the inner zon ter zone of the gas distribution
%%@Pnnﬁﬂé ﬁﬁ@ gﬁﬂymﬁmgvfgkhlng section sw tches

fl ow t @ sbdRdifRQ8ENcE IR JIHEF bhRerdRErdifSt ﬁrbblulﬂg%v@ ﬁb% plasma

between the inner zone flow of the first process

aprbcesseng appaiatusgna sefond feeqyenscyrrange outside of the first frequency range

wherein the second frequency tuned RF power source is able to receive reflected RF
power and tune an output RF frequency to minimize the reflected RF power.

20. The plasma processing apparatus, as recited in claim 19, further comprising a
by-pass line, wherein the switching section also switches the inner zone flow of the
first process gas, the inner zone of the second process gas, the outer zone flow of the
first process gas, and the outer zone flow of the second process gas to the by-pass line.
21. The plasma processing apparatus, as recited in any of claims 19-20, wherein

the flow control system further comprising a tuning gas source in fluid connection to
26



process gas and wherein the switching section swtches
flowto the outer zone of the gas distribution nenber

wWheiseercd he outer zone flow of the first procRGEU§NE7/084465
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and the outer zone flow of the second process gas a

fi(r/\]ét fre n tuned RF ovver squrce for provid
Pt 0B P B S S Bt B5d0RT g I PR Prefess 54 U zone flow
f HREURS ﬂ}éwﬂﬁrﬁlgeeﬁ%f‘ﬁ 08N ghiR shiif Bito ﬁilé e D6 AN BE thRirst

power source is able to receive reflected RF power and
t prasesgas @nque oRrer fzpegilew ©f theding mpmsz gat. he refl ected

RE, po . an second fre enc ed RF .
£e7” o 3t ol RS T ENY RS st B aaTor BRIET 19K ffferein
| fhefiSEREMEndY @EEERE Yok gﬁlr@w& sbMeo pfovideean fikst Stquency to
frequency range wherein the second frequency tuned RF

pwmdag%m@h iadirgimpedance feadiof @ plasmadiermaesl ﬁqmn;sb«w@fst Biggess gas
Et[ﬂ(? a @&088' ;I%Hﬁcﬁng t(g ng;gelﬂgﬁ] rn&%tg}é g‘s%ﬂg %&g&ﬂ?cé I’% g §§£ %fjasma

r ﬁﬁrtﬂ:eddrdmﬂ thel sad:ond];Qasnfan’ats h\ehereml’t‘h)ef fimsik ﬁgql&nby ifadiffsrent than the

line, wherein the switching section also switches the

i serond Sigawency gir whereithe jspond Sreguency tengd RE pewersqupce is able to
tzﬁgﬁq&f a ({19 RS ?ﬁ%‘} td Erﬁﬁ&ﬁtﬁc@ﬁ§t€h ttllfhefu@{"ﬁﬁ{ dé&!&%a{d 291‘61 aolfourth

first process gas, and the outer zo fl ow of
s éequahcp totesslagasmitoh thessetyndiapsddricadoad2dher€hethp Ifmﬁla

pr.ocessi . aratus, as recited i of clains
DeRautennen BRI et PiediRcofrent gy BeEbadiine frer
COBPri A MBthdd bEPiodsssHRS *AédiRut®r §ihudhtdte GPNPRGHA Pocessing
toat | east one of the first process gas inner zone
f clownksr, ¢qnmrtsn1@r ooess gas outer zone fI ow after the
flowof , the fir oces g St 1 tothe in eé hil
zone fFbw ofS“RH%l“?u |f§% Pﬁ""& o 168 %%&S%B“’Sustsg}g 8‘?&1 er whtle

f ipwartif d eeodd protesP L@C@SShyPASs-1ikd? the[H@&nRl GOE@sing chamber
processi ng apparatus, as recited in any of clains

1gontainingeseatiepndpeor pybstrae RAUERE It leash efe Riersley patterned resist
S%@ESvé@ I?% C|'11£}%r provide a first frequency to

i npedanc first inpedance |oad of a plasnma
formedbfr omeﬁehglzfngrthé fipt paess @aso ploduc SEGOpEsma with a first
frequency t(o e match a_second mpedan&e | oad

of MEERINEESIRA Fl&f}nﬁ%std@lp&ﬁ% lept ong Eafe f ths devey 95 (i) ahas A

?81 B{eggg Jsfte)gqle@ﬁﬁsks different than the second
e ueno wherein the second frequency tuned RF

povve r sburc éeqlsenab lheninga first Widwveer shriredtd @ Bgtigaquentypto match
ri%qfdance tch the first inpedance |load and a fourth

ff Yeefidiance mat ch the second i npedance

| oad, wher eifRqbdiRy katih dgasécbﬁm@fwvemo&bé {oef f8bnd ﬁ@c{hency

t he flrst second third frequency. 23. A nethod
oﬂlffﬂf@tféls@l thgfigst éreﬁu@om duaiatsh the fluit: tropeeianw laacbl asnma

pr ocessj ng Cvr&]/ﬁglol hhecf?qrwsrolﬁhenﬁrst %}d ssel(:lgl?cl roc ?gasfﬁlrs] rsﬁ tthat the
process” gas asma processing C e
second process gas is supplied into the plasma processing chamber while diverting the
first process gas to the by-pass line, the first process gas being substantially replaced
in a plasma confinement zone of the plasma processing chamber by the second
process gas within a period of less than about 1 s;

f) energizing the second process gas to produce a second plasma with a

second impedance load different from the first impedance load and (iii) etching the at
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di verting a second process gas to a bypass-line, the
pl asma processi ng chanber containing a sem conduct or

wausvems®e i ncl uding at | east one |ayer and a PEL/USINTEB4465
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resist mask overlying the Iayer b) energizing t he

rst process ce.a first

1St e 8% loud B i ehoNgeRg Rahat tpaser and the
feg@yre in the layer or (ii) formng a pol yner deposit
on the mask; c) frequency tuning a first RF power
sourceglo aflfeqlil@m}’ﬂnengiélmfystt@ n@t/@hiome t¢ i third frequency

O REE G RE Bl et 1B ERGY mi hPafip TSRO AR r00c:

frequengy t erefBdneh nidiy fhielssdond RIEpRRGR0LREE a @urth frequency
switching the flows of the first and second process

g diffegeny éhﬁtnrfh‘t firghesceunecopryl Whinddeeggengies tp snasehype pesgnd fppedance
4Pl asma processing chanmber while diverting the

first process gas to the by-pass line, the first

process$) gas swichigg eetfikivandfitad fipst aiepleacetiprotesa gpd;easmat the

confinenent zone of the plasma processi ng chanbe

t HESt QERCEHES ibtwBliedino tiietnlﬁswaéria@.silagi CW&%@@@ ﬁla‘r?rtmg the
a@&:‘éﬁd tro%ess ga)s t(?{h% tg S;;a'sé"gné iR 26 opé_s?rggssﬁ'eng@&b%ﬁntlally

produce a second ma with a second i npedance
dirdpleed m the rpdmntaicenﬁnmdznt zomeaahe plabma graxaskif(g ¢hajnber by the

et.ching the at]east o eat re.in layer or (iv)
£ BPPG <y Bony i S aeet St s ranhd t ne. ok
g)_frepuencqugﬂi 15B%hﬁMﬁ2%f8§w@%W%&h§9ﬂﬁ&ﬁe?0 a

third Trequency fferent than the first and second

f Péquerbt awthad, pateekted inelawckinwherepediamedodsoddessighan about 1 s
frequ ning the second RF power source to a
f b

Bfcy different than the first, second, and

tnsr d frheaieaingl esretitedtagh of bRiBEZIN, wmeida 1_i/me1ddeposit is
i) switching the flows of the first and secon process
géyEsdde ampgimumdhickpess oblepridar abpyg 10Q angspms @ffey jgpeating a)-i)
th 1&%1%8'6%%&%%%@9%% gber whi | e diverting the

secon rocess gas to the by-pass line, the second
pQGcesﬁhga&ﬂh@imgesmh&hamybabhynrEpaadﬁdhmnmhnEBﬂ@asna

confi nenent zqgne of the pl asma processi ng chanber
the fi FRYUIPS et fhstint Prﬂcrﬁssgaﬁ 19 8y IET ?%@3‘0%%}}{1 an outer

230l Yt ke BAREMASEM e B ALty
i phaghlzr rpr@&desm@meemzqnh élopetoi andsnarizohesisthe pmeamgrthamber and
S t}ilesoultéarszsonft: How to arcl) outer zone of the processing chamber.
27. The method, as recited in claim 26, further comprising providing a tuning gas
to at least one of the inner zone flow of the first process gas and the outer zone flow
of the first process gas, wherein the tuning gas is provided after the splitting of the
flow of the first process gas.
28. The method of any of claims 23-27, wherein the first plasma etches the at least
one feature in the layer, and the second plasma forms the deposit on the layer and the
mask, the deposit repairing striations in the mask.

29. The method of any of claims 23-28, wherein the plasma confinement zone has

a volume of about V2 liter to about 4 liters.
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25. The nethod, as recited in any of clains 23-24,
wherein the polynmer deposit is formed to a maxi num

W@ biogkewss of | ess than about 100 angstrons afRE&F/US2007/084465

10

repeating a)-i) a plurwity of times with the

S e, R SR L

first plomesaydasof §in; an inner zone flow and an outer
zone flow, wherein the supplying the first process gas

into tﬂ@IpM$SﬂalﬁWﬂﬁéﬁgwﬂg chanber prOV|des t he inner

zone fl.o nner zone chanb
a8 R BN osfit R Sl CERI R e frs
pFQ@Q@%kmgs@@@gbeumd27 The nethod, as recited in
aim 26, further conprising prOV|d|n%ja tuni ng to

at | eadic SARIGIOETE SATARERPIIBBNE NRKBIR GFCH e afgopsin 0ptlona11y 0O,
pr. t r

alg(g 2%26%% p"ile[v\éﬂwearijé?rﬁso }t‘ﬁtﬁz) }&I?J}%ef)(gs?t%n?&le h%}.g.l\}'g 3{1&5 the fntlask
t Be. s pmhé et dofs febiged inawvy of clahﬁs 13-88twinreia essfrgf®ncy tuning
28. The_nethod of any of clains 23-27 wherein the
f Fhesffrsblﬁlagﬁ‘aere%oeffééo@ﬁ%staffeqlu@&s‘/tto Grécty f@stﬁa%témp?ﬁapﬁ%load and
I I |

WS LR AR QUTRLAREAS LR 800K 0Bl
| secdohé impalanc2®ad Tkea metchbaok ©f paatm}lyahatch ﬁlerffrstﬁﬁ}p@&ance load

i.n.the pla nf i enent zone has a, vo
b A inppadcd a5 i eqear s BT St RGaET mEth of the
f%@ﬂﬁﬁ@aﬁﬂc@ﬁﬁdﬁﬁd§k@h@§n§§m&§ﬂombefeln the first
layer I1s of SiO; the mask is a UV-resist nmask; the
first process gas conprises a nmixture of CFs, O and
argon and the first plasma etches the | ayer; and t he
second process gas conprises a m xture of CH3F, argon,
and optionally @2 and the second plasnma forns the
pol ymer deposit on the feature and the mask. 31. The
nmet hod, as recited in any of clains 23-30, wherein the
frequency tuning the first RF power source to a first
frequency to match the first inpedance |oad, and the
frequency tuning the first RF power source to a third
frequency to match the second i npedance | oad use a
mat chbox to partially match the first inpedance | oad
and third i npedance | oad and use frequency tuning to
provide a final match of the first inpedance |oad and
second i npedance | oad.
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