FAST GAS SW TCHI NG PLASMA PROCESSI NG APPARATUS BACKGROUND

[ 0001] Sem conductor structures are processed in plasma processing
apparatuses 5 including a plasm processing chanber, a gas source that
supplies process gas into the chanber, and an energy source that produces
pl asma from.the process gas. Seniconductor structures areIprocessed I n such
Sppar at uses B STLEGAS RRITCHING BLASMARRQCESSINCCAPRARATUS -
processes, such as chem cal vapor deposition (CvD), physical vapor
deposition, or plasma-enhanced chem cal vapor deposition 10 (PECVD) of
metal, dielectric and sem conduct org yekeIROUNIRNd resi st stripping

processes. Different process gases are used fol these processing :
t echni ques, [6001lel | Semicondusterstmgtugtisiare pracessad irplasma processng appadtseD

structurgs. .S RY [ 0002] To achigeve the foreqgoi and..in ordap wth
the purp se“l#u ap ?@M@%ﬁ%@?%ﬁ g4y sﬁ’f‘g:?r{’ﬁaq\ﬁﬂ?pg‘}es F%%gss%ﬁsﬁﬂ'%ﬁg%l i s
provi ded. AchAmbérRard '@ d@Rigyddufceahit! prodives Plima fivan theppo@esybdsh a vol ume and

at | east one electrode is provided. A gas distribution systemfor providing
a first gasSemironduetensttncyues are Presesiedip sughpppRRtysERbYechrignesdpcludingr ei n

the gas dis Qgﬁ! - SeBRkd hﬁ&? e first gas
and the secgﬁ‘ gasg?’ﬁ&;éﬁégg’prqe sn%élggne WE%,%L%]%%J%@ er g&}?ﬁgﬁ?gﬁrs gas and
20 the seco(@VDYsphaisichl vaper fepositibnpér plesisa-eniteancdd chemibet vapor depbsition pl asma
formed jpn the plas zone fromthe first gas provides a first ] npedance

| oad antP m@%@@i%%&#@lﬂf’%ﬁﬂn 8Fhicang: ‘?qw‘gatﬁpﬁﬂﬁd%ﬁésq’%’ﬁgt he second
gas provide OBt aReHan Qiskd Rirtidse PRoRsdifiickhdihes, BPREANCE

| oad. A fi ré{&?rggguenc?% ne gfgsg%%r ssource sfg)r p?%%ﬁi&ngapeosmer to the at
| east one ehepocesding different materials of semicpnduntgrsstiustu@ss. el ectrical |l y connect ed
to the at | east one el ectrode V\hereimst frequency tuned RF power
source is able to receive reflected and tune an output RF

frequency t el MPESadHi e R fREidink id MUBSrdanteSHEPNHE pubisib 8N e predeatl RF
power source for providi ngagower to the plasma chanber 'in a second
frequerid rinvegetionseglasmaovafetprotessing toolds pravided: o plasmpchamberiwith 2 econd
frequency tuned RE power . 30 source Jjs abl g receive refl|ect RE bower
and 't une” anbtR GnEHEnL Aons AR f Solgine M el SeionEoEl ipLg R 88
[0003] I n angikstbintiOR Bystdh Fer providiig 4 fift gaivanaid bomi @lsas cehnetied €5 tieng
apparatus is provided. A plasma processing chanmber including a showerhead
el ectrode aplesmprhamber, wherein the gas distribution system can substantially replace one of

the first gas and the second gas in the plasma zone with the other of the first gas and

20  the second gas within a period of less than 1 s, wherein a first plasma formed in the
plasma zone from the first gas provides a first impedance load and wherein a second
plasma formed in the plasma zone from the second gas provides a second impedance
load different than the first impedance load. A first frequency tuned RF power source
for providing power to the at least one electrode in a first frequency range is

25 electrically connected to the at least one electrode wherein the first frequency tuned
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

30 source is able to receive reflected RF power and tune an output RF frequency to

minimize the reflected RF power.




havi ng the inner and outer zones and an interior volune of about 1/2 liter
to 4 liters is provided. A gas distribution systemis in fluid

comuni cation with the inner and 5 outer zones of the showerhead el ectrode
assenbly, wherein the gas distribution systemis operable to substantially
replace a first rocesswgas or _a second process gas in the plasm

conf i nenent wi thn apothergnndfesigtion Bk tiejipvention gddassnaprecessing MBS iY

process gas .. ' @.:9 B ORS 5“ S | i on
conprises a %{’gﬂg@pp ‘@%’2‘;‘/&) err%SSi{l/\.‘gi%gﬁ&pr ov?gggltgta#g%?vﬁ S dpr ocessésé%tg&gnd t he
second pr ocedmvingahe irinei Bnd buter Lones &l arsintdriviviolunfie of aboaOyiHeer to attters isi t h

the gas supply system hi ch splits a flow of the first process gas into an
i nner zone fﬂ%\'ﬂ/déi gtﬁésm-s@u“ﬁgémlﬁ W gomymuyiation yd FI“B\RF%‘FCft he
first prgcesmudadndd¢k thb itdwethbali lefectrolit 2embly, Wheddf Ria%aR joas I nto an
I nner zone flow of the second process gas and an outer “zone ow of the
second proceystends opemabledo subistaptiniy replact iadirst prcesh gasor asecbnd processigast i on
bet ween the .15 fl.ow control system.gnd the ipper.zone and outer zone of the
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the first process gas and the inner zone of the second process gas and
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distribygi o he. {er . W i \ as 20
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RF power solotcoff the fipdt ProceSsSgas e antifndr 2On®Ta% Gf the BREHHCAG gappad at Us in a
first frequency range wherein the first frequency tuned RF power source is

abl e to recOptEszens flew of therdirsiiyprass gavand whichspiGaflaw afthe secqnd megoess
mnimze t hgasf ftd SF{aer %Sg;egﬁw&fthéséc%ﬁafsb?oéeﬁggéé%ﬁwdﬁ&?%ﬁifﬂw\mhé0‘” ce

for provide§ power tot asnma processing apparatus 1n a second
frequency r sstgad pricekgdgaspind hewitchingg seictionwelnicly is iafipid vérmeetion bdiwearethend
frequen tyned RF power source is able to receive reflected RF power and
tune an'dut ﬁﬁwq@trpf@am the 1nReR ZoRe,And; ger 20nF © fbscsapzﬁls&w&on % In
anot her manj b PiHe QWi hi bV, ' é}ﬂﬂ? ' :

sem conductgvfpeégtruc?t%%%%ggdgﬁasgﬂn%hgﬁg‘gsgwﬁlg C ?%EPPF%%%? ovfrg)eu .ona) A
first 30 proembsrbetwees theupmdrizene flowmfithefirst pmressgas apd therignerizanbof thehi | e
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S ener%iazed to“produce a first plasma wth a first i1 npedance |oad and (i)
et chi n@0at anskthe outes zomeflow ef the sebend proeess gas. (Aifirstfoequency mnedR¥ pewedeposi t
on the mask, c¢ first RF po source is f.requency tungd.to a first

f requency t?“ﬁ%tf?ﬁpﬂ%&?i??ﬁfﬁﬁaﬁwma?ma pﬂ%ﬁlﬂﬂjﬁﬁ_&hﬁﬂ Ysource is
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process gas within a period _of less than about 1 s 0 second

process gasserendsrequency tined RET pawes source écahlel tpreseive reflecied REpewerdindnpedance
| oad differ Ir I, mpeda i.ii)._etching the at | east
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the mask. Jpo0dle f ihi shothr maifestation of thel ifvéntidal e Arshddwiggodessing A hi rd
frequency different than the first and second frequencies to natch the

second i npegEMRORdpEigE stypfurein a plasmdprogessipg chamberdy provideds a) Adgisency t uned

frequent et aRRIE ¥ppletTo8 the plaa pRiekith Eharfet Gie FARAREY Shond
and second pposegas Qatepas-lines vicl plhsmbk procedshig dhlambi cartaipingeess gas i s

supplied into, the plasnma processi ng chanber while divertjng, the second
process ga§°‘LnEF°PﬁBg sybs tel“i‘ﬁlﬁmgg@eﬁ@éﬁéﬁ)ﬁéﬁ‘é%?a‘ﬁeﬁe‘%@ﬁﬁbmﬁ%stant ially
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about 1 s. j) Steps b)-i) are repeated a plurality of times with the
substrate. [0005] These and other features of the present invention will be
described in nore details belowin the detail ed description of the

i nvention and in conjunction with the follow ng figures. 25BRI EF

DESCRI PTI ON OF. THE DRAW NG FI GURES, [0QQ06] The present invention is
i|lustrated wh\ie;gswnpsﬁwsﬂ@d %l)rﬁ%‘i atjgast gpe feature i the dayer ar €ile fi gures

f th | ' ' ' j I efer to
i i 1ar ol oronig SpttyRet AReRBd il 1) A B RETer RGP WHRRee 2
exenpl ary entwoed tmmﬁrsbfre@qnbamab ®A the firse inpatign mpm.agm_séd;]mﬂ[%lf)gg\]eg gd ,
enbodi nents of the_gas distribution system ca e used wth.
i|lustrates %’%@&&%ﬂ%@cg iHéd frequensy. 3 F@PY&‘B%@F{?EF%@%‘%"@B?Y“’ .

0009] FI 3meRR| inifedhfde’ ey gl Frelas o] e
([jas d% st?i butioﬁlﬂggsgm [Oofol]e%}'G 4 dgfg)?gfg g pref gr%%g% g’r@%ﬁ% ?r%%% of a

f1 ow cont r ol ar8 switehad sefthatitke spgondiprocesstgas isowpplied iato ths plaB0BIrete®sing depi ct s
G st but or AP AR B EBE & 6 AR5 Sk IR BT 4% S0 Brbonietene o
the gas sw theligw@bstanadiireplaced 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) The
10  second process gas is energized to produce a second plasma with a second impedance
load different from the first impedance load and (iii) etching the at least one feature in
the layer or (iv) forming a polymer deposit on the layer and the mask. g) The first RF
power source is frequency tuned to a third frequency different than the first and
second frequencies to match the second impedance load. h) The second RF power
15 source is frequency tuned to a fourth frequency different than the first, second, and
third frequencies to match the second impedance load. i) The flows of the first and
second process gases are switched so that the first process gas is supplied into the
plasma processing chamber while diverting the second process gas to the by-pass line,
the second process gas being substantially replaced in the plasma confinement zone of
20  the plasma processing chamber by the first process gas within a period of less than
about 1 s. j) Steps b)-i) are repeated a plurality of times with the substrate.
[0005] These and other features of the present invention will be described in more
details below in the detailed description of the invention and in conjunction with the
following figures.
25 BRIEF DESCRIPTION OF THE DRAWING FIGURES
[0006]  The present invention is illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings and in which like reference
numerals refer to similar elements and in which:
[0007]  FIG. 1is a sectional view of an exemplary embodiment of a plasma
30  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.
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of the gas distribution system [O0013]FIG 7 depicts a third preferred
enbodi nent of the gas switching section 10 of the gas distribution system
DETAI LED DESCRI PTI ON [ 0014] Pl asna processi hg apparatuses for processing
sem conductor materials, such as sem conductor devices fornmed on

sem conductor substrates, e.g., silicon wafers, include a plasma processing

chanber and [80081s dF¥Gr3 depicsa prsfetredretbeodiniknt afipgrsi sapplyrsectiomsofglksgasnt o t he
. The gas distribution systemcan distribute gas

pl asma procecﬁgfhgg,chanber

to a singl e YR $8¥M-pl e zones across the surface of a substrate during
plasma procqppiq)d- FS. Haspi aﬁw@&&ae&m&mmweﬁ&&%ﬁmm& 4ol lers
to control the flowratio of the sane or different process gas, or gas

m xture, to distebutéonssystether eby al | owi ng i n-process adj ust nent of

acr oss- spbst uniforaty of S flow and S. conposj tion. .

[0015] Al hoJ@ﬁhﬁul t%@ﬁ%ﬁ%‘s aﬁsﬁg@ﬂﬁgﬁ%ﬁ?feﬁwggﬁ& eEHon 9for oved
fl ow cont r olthe@gastdistBatesh gﬁm,si ngl e-zone system it nay be desirable to
provi de such systens with an arrangemant that allows substrate processing

oper ati ons l#0IMi chFIG& depicts a serend prefaredhembedimeat ofzthe gaoswitdhingwcedmnged
within a sh riod.of. i 5 [0016] A gas distribution systemis

provi ded fo(rauftgﬁeo ;/jlf’sg% d}oﬁ"fsggtgﬁf gas conpositions and/or flowratios to a
chamber. | n[00%3]ef eFIGd dupixesia dird prefefed @arbodimeént iob thiei gap s&jtshiagseciondapt ed
to be in . fluid communication with an interior of a vacuum chanber, such as
a pl asmi0 pr OF thegas istbyAoRSY8IFa bl asmm processi ng apparatus, and provi de

the capability of supplying di fHeranE8asE 50N €S and/or gas 30 flow
rates to the vacuum chanber duréﬂ'g‘p‘l"ﬁte?%%tions. The pl asna

processi ng 4] at uRlasma phreessingappedmteses for prectssing semicbbquotor thatgfialslensi ty
pl asma react I ncl u%@gcan ener% sour ce that, uses RFE energy,,.n crowave
) e

ener gy, nagﬁ'g‘{lﬁac? SPLg tQF dgViges| QP STYERRAYCOr Substrates £S5l o t he

hi gh- densi t yaRr8 SH8udSP plaSma processing chamber and a gas distribution system that

15  supplies process gas into the plasma processing chamber. The gas distribution system

can distribute gas to a single zone or muitiple zones across the surface of a substrate
during plasma processing. The gas distribution system can include flow controllers to
control the flow ratio of the same or different process gas, or gas mixture, to the
zones, thereby allowing in-process adjustment of across-substrate uniformity of gas

20 flow and gas composition,

[0015]  Although multiple-zone gas distribution systems can provide improved
flow control as compared to a single-zone system, it may be desirable to provide such
systems with an arrangement that allows substrate processing operations in which the
gas composition and/or the gas flow can be changed within a short period of time.

25 [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 flnid 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

30 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




produced in a transformer coupled plasma (TCPTm reactor, also known as an
I nductively coupl ed plasna reactor, an el ectron-cyclotron resonance (ECR)

pl asma reactor, a capacitive-type discharge, or the like. Exenplary plasma
reactors that preferred enbodi nents of the gas distribution system can be

used with include 5 Exel anTm pl asma reactors, such as the 2300 Excel anTm

pl asnma r eact produeeddnagianeformencaupleddasora @ICRRY) pactor,ialse knosmasad i n

Frermont, Caljf.ornia. ' | as et chin ro ses, nmulti freguenci es
can be. app i BIEely coificd lpdn o b o R PEBRR Rk (BCR)bIaSA ° 2

el ect r ost at | a6t AlcapAitied-(pk idisehatge, ot tib ke, f ERGMAAG pIANRASTERt618 AALOT S,

di fferent frequencies can bs\eﬁapl led to the substrate support and an

el ectrode, 1Rrekmer embodimensyel the gas diseibution systerp senbe pseditthiacidest r at e.
[0017] A @yefgy REQbrsCiuch S afPF300 FlcElafp gﬁgxﬁﬁkféa%&:?" aﬁ%ﬁatﬁé!?x%&’ a
first gas into the‘interior of a vacuum chanber, Such as a plasna

processi ng chanResearch Goposition| pcatod i Fremout, iGabifernizo xsingpladner etbhing at

| east an i nner zone and.an outer zong of _.a.gas djstribution nenber adjacent
to an exposeRfoLHEITa BRIl freguaseies s ?@MS%@B@@&SH;BO&H@OW

outer zones a@rotiadhdbh ¥eERAEAMh hRBE RIEHAEMIYYin duhRitehitd flastla from each

other in the plasma processing chanber. The gas distributi'on system can

si mul t aneousksctonsydifferent requandieg aan béapplied tol tifef substrate supporttand af ielestrodeis t o
a vacuughchanmber by-pass |ine. The by-pass line can be in fluid

comuni cati g\ ?\glbd_av\’/egﬁffﬂﬁlrﬁl% © Sgﬁgeflﬁ%?idkees.u%ﬁa " preferred enbodi nent,

the first 948013 a A préferied Rafbodintkt oftHe gab dishERRARPStedsn s§pply diffréter ent

process gas. For exanple, the first gas can be a first etch gas chem stry

or depositi &8s ijus theriaterior pf/a vagwym ¢chambse sueh asa plagma procgssing ¢ f, vdd 8h gas

chem stry or,. |t ' ﬁgﬁﬁ.' ' ' n

si mul t aneous é;%%{\? idéglguc}laﬁﬁ gﬁﬁ%?b%%‘%%lg}?e ol\gvh%la%ogg%(# @%@Xﬁoﬁls@to?%as to
the inner zgaedaaibutios natitir adjacent to &5 paRised firface offi a lsébstriae: 16 de phctegsd. | S
diverted_to _the by-pass line, 25 and vice versa. By diverting aone of the

gases t &3t hdheyfunssaad ppice zones apgadinliy spaed; and Rsferablp flaveimselatedniroma cuum
chamber can ghg, GHo) iﬁ)fﬁ@'}:tgfsdﬁeag bgb\,?,.@?%'- Hantbk.| Phe Q%Sh‘g%ﬁg ﬁi&n%}%éhm& gas

di stribution systeminc ng devi ces ow"gas swi tching, or
gas change einmltaneously divertta speondqgls diat is diffefent freanthé firgt igasitoch ewnomd gases

supplied to an jnterior_of vacuum chanber . that. i ncludes, a single zone or
30 incl udes Cﬁ%‘Pi?“rfé’IYéPQBHE%.%%g -Rasiling can B%H%%@?ar?é’ng“&@ V& hut i on

system can I i -ipne : hl e the
stcond gas Pagy S ETke; LP pRAGHErhRRUDRC e A8 el a A Blocf s At

di stri b2@ i otiw second gasds 8 diffarenerocess gds. tomexanplehtht firfteas earbaa fjess etch
supplied to the inner zone ,and outer .zone ile the firs I s diverted
o Dhe" by- paRLTEPETY o (PRgsEon et Hiemuifirn fad jis @rpalees.soh be APy ¢ ne
first and sgssomnﬁﬁfﬁ&deﬁbﬁﬁbﬁgaséﬁeﬁﬁs@% Phe FAGMABMIGH SRRAPGN each for a
desired period of time to allow quick change over between different
processi ng sipsitanemuly priovide differantfcoatrelied fow ratesof e firsgas to Ge inner zenat i ng
steps of a s Iﬂ%%u%‘} zgrrléz%eesspsetlzt?\%l)% while the second gas is diverted to the by-pass line,

25  and vice versa. By diverting one of the gases to the by-pass line, change over of the

gas supplied to the vacuum chamber can be achieved within a short period of time.
[0018]  ‘The gas distribution system includes switching devices that allow gas
switching, or gas change over, in a short period of time between first and second
gases supplied to an interior of a vacuum chamber that includes a single zone or

30 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




5 sem conductor device. In a preferred enbodi nent, the nethod steps can be
different etch steps, e.g., a faster etch step, such as a main etch, and a
relatively slower etch step, such as an over etch step; an etch step and a
materi al deposition step; or different material deposition steps that
deposit different materials onto a substrate. [0019]In a preferred

enbodi ment ofs diverteglae this by-padsdineoThe gat dintribatiom system oin altdrfateglysupplypbsi t i on

R T e LR e
conposi tion peHddastufiRétd dlicw ﬁﬁl@k BVEBRRREN dﬁfe@nﬂpx%cé%%gfsgtoﬂéﬁ‘:{tioﬁﬁi of

time. Such gas replacenent preferabl’y can be achieved in s "t han about 1
s, nore pref thatugeydiffeneht gas|chemistiiesne.gh alternaing stsps ¢fia metheil of prpcessings
having a g as witehing capability in the 15 distrihution,syst.em. The
ol s odh 1 ameSish Bk e bifered Smffafmetcihe icthod A AREBERGR ouc
liters for aetph &8pH el ACRE@H igh 6RP/NIRA af 8 madi 6RR SEIdCre kiR el BlGWerddth MM

waf ers. The plasma confinenent zone can be defined by a stack of

confi nenent §¢M§uch aganoves eighstapparetch ﬁtepénﬂﬁml@temh%goamga stepitas diffoent
5,534, 751, ' i - ' I g in.J ntirety. 20

[ 0020] FI G %%%?lc gggﬁggﬁtgh%ﬁ%?g%g%ﬁg:(f)%gl}g?%tgﬁﬁngggtﬁ al %)%atgma processi ng
appar atus 100019}t edbagrefentdembodinenpafthe pad distibution swyeh envalOfieofia be

used wi t,h. The appar.atus 10 c ri ses a,vacuum chanber or plasna processin
charber 12 rﬁéi"ﬂgigaﬁﬁi’iﬁffb‘ii: ﬁ?%?’i‘iiwﬁ'ﬁmh“ §W§ﬂ‘§i‘@%ﬁ§i§%‘g¥aﬁ5ﬂa Bﬁsmﬁi ch ag
substrate 16. i Q%ﬂgg i SU8sh support
14 incl udenghﬂ%ngp%hggag%irgg,ﬁgﬁgggga y%gfrij Iegtmrég tati Cﬁ(%i]tﬁogk 18,

whi ch i s opdntduwed mto ithenyacuhm chatmber within Bshort pehied ofikister sveh gapport 14
durin rocessi ng. The .substrate can bge. surrounded focus rings and/or
Cge 2i oS SEattient perRibR R b apfmuc ipdiis iR gheme %, toara Rreferaldly waliy 1
comron! y - oW1g thinhbole 260'ins By brof kgt s vk o Mrchtis @ﬂggﬁi[lgg%%éﬁ ]

which is_incorporated herein by reference in its entirety.
preferrd8 egodistrihutionspgenl FTheplasmaceniineryentizont can havei agds yobuneofh| asma

confinenent go Vi ng, a_.vaku of about 1/2.1iter .to.about 4 | iL}ers
oref erably. 4RO B0 dhdes e Tor s pRRRE protefins ebmisy 65 Hoikesiipe Shffin
processi Ng ©p3008im WAfGSNThe plasfe canfitiidnt 26 ¢an'eibfinbd BPARIRRIf such as
di sclosed in comonly- owned U S. Patent No. 5,534,751, which is

i ncor por at e@onfinement ppgs.sheh andisclpsed;in sommonlyepyned Y. dHatans Non 8,534 38 ka

confi nenent e, | St ribut i stem.c repl ace such a vol une of
gas in the gﬁzgésixr}gh%%ﬁy%@%ﬁ%#gr&fe%cﬁ%{%@m&a&s Wlpthi n a period of |ess
than ab2oit [0020] pr eFKS. dbdepidtsan Sfinplad temintinA0Pmaterial\blafifd prdzessitpst ant i al

back diffusion. A confinenment mechanism such as confinenent rings 120, can

limt the fPPRA¥AtESHOthat embpdimentsef the gasdistibution sysam 460 st be wied with.t he

vol ure [ 00307 TRErERT 20 PORBARE {WhokliA bl or I BimdbBeiiy Afpftr L4° P! =

si l'i con waf havingan interior containing a substrate support 14 on which a substrate 16 is

supported during plasma processing. The substrate support 14 includes a clamping

25  device, preferably an electrostatic chuck 18, which is operable to clamp the substrate
16 on the substrate support 14 during processing. The substrate can be surrounded by
focus rings and/or edge rings, ground extensions or other parts, such as parts disclosed
in commonly-owned U.S. Patent Application Publication No. US 2003/0029567,
which is incorporated herein by reference in its entirety.

30 [0021] In a preferred embodiment, the plasma processing chamber 12 includes a
plasma confinement zone having a volume of about ¥4 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-
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internmedi ate |ayer of a material that is to be processed, e.g., etched,
over the base 10 material; and a masking | ayer over the internedi ate | ayer.
The internediate | ayer nmay be of a conductive, dielectric, or

sem conductive material. The masking | ayer can be patterned photoresi st

mat eri al having an opening pattern for etching desired features, e.g.,

hol es, vi as awdedV.S. PateahNe, 5 53\4,?5113 whicleisrinetirporateldeesin hm#fmenm itr nmore

ot her Iayers u ude additiponal la onducti ve,
dielectric of “}E@@n‘?eg%‘ﬁﬁf&@éa ISP 26 \'}@&gaﬁ ﬂ’@éﬁ’gégnﬁ “Ahd the
maski ng | ay efeplade padhct Vilude of Bgs ﬁluﬂ@pﬁﬁmﬁemwf&!ﬁ@h&ie WRY bdthérQai W@y t he
base materi al [0023] Exenpl arghdl electric materials that can be processed

are, for exaﬁﬁ?@d‘?f dhag ahog S@@Pfféablléubhs%@alﬂ Pt 28 mesg withpRtc on  oxi de;
d d | t
00l g, S S 2

gl asses; doped or un- erma I'con n- doped
TEOS deposi t E2), sad hmﬁnh@ﬂuﬂe:onﬁnmhcahoelfnnn tlieq:lmﬁaewlaine t@pmnebf the a

conductive aor sem conductive | a ch crystalline sili con
metal s, sucHOELO 59#3'3!&?@’%?‘2 Hl%rau?ﬁrd%ﬂig @ﬁ%@‘f‘é‘ﬁ‘“ﬁﬁ} e\nlaszea YRLRME. thel r
al | oys; nitrioggs Susd s@%u%&et%h'ﬁld&lﬂdé'a%’seﬁﬁ%ﬂﬁ?tsﬂbhﬁiéﬁbél?@gfef as

titaniumsilicide, tungsten silicide and nol ybdenum silicide 24] The
exenpl ary pl mmecpmdws pﬁgnmpﬁpml that & tobepinessssedne.El, @chéd,iavet thd dasea

-.ps)

The ol adte CRARSHSRLEREGER, bogP el InSoliBable Ry, TrecnethRlial 19ekfay A
baffle aSSefﬁﬁdfa'c%nﬂﬁ&ﬁ%&ﬁel@@tﬂdemchﬁ@nﬂh%rhﬁﬁﬂaﬁm ft By bepl at e

20 to uniformy distri but e process gas to a backside 28 of e” shower head.

The baffle XsHempd yh@awssomﬁmmmm@ epening pattgr fqr@tqhina(tegned featunes,

enbodi nent, _t 3 nd 30C.
~Qpen pl enuns” éi.g}éf %%ggﬁ%g?%%ﬁ%q@g% ﬁﬁ%&g gjlﬁéquﬂer{ﬁhgﬁﬁgg m%l'ea‘ft@sr 30A,
30B and 30C]layers] Tietswbstraté ben inefulle edditiohsl 1344 efvbndtictive] liekduror The baffle
pl at es f)gA 30B and 30C and_shower head 22 include thr ou h passages for

f1 owi ng?Pr oSemicogductive matsripls P‘PWE?IF the base layerand the Bwsiiag layes spending on
[ 0025] A fi ril? tﬁrﬁ@gf'@éﬁﬁ%ﬁdﬁ%ﬁi ed?ﬁ‘i@ﬁﬁas%%téﬁﬂcom rol | ably connected
e 0

to a control 500 and provi des pomer e showerhead el ectrode 22
through a f[@3] Exemplary dielectric materials that can be processed are, for example,

doped silicon oxide, such as fluorinated silicon oxide; un-doped silicon oxide, such as
silicon dioxide; spin-on glass; silicate glasses; doped or un-doped thermal silicon

20 - oxide; and doped or un-doped TEOS deposited silicon oxide. Such dielectric
materials can overlie a conductive or semiconductive layer, such as polycrystalline
silicon; metals, such as aluminum, copper, titanium, tungsten, molybdenum and their
alloys; nitrides, such as titanium nitride; and metal silicides, such as titanium silicide,
tungsten silicide and molybdenum silicide. |

25 [0024]  The exemplary plasma processing apparatus 10 shown in FIG. 1 includes a
showerhead electrode assembly having a support plate 20 forming a wall of the
plasma chamber, and a showerhead 22 attached to the support plate. A baffle
assembly is located between the showerhead 22 and the support plate 20 to uniformly
distribute process gas to a backside 28 of the showerhead. The baffle assembly can

30  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




5 nmechani cal match box 106. The first frequency tuned RF power source 104
provi des a variable frequency, which in this enbodi nent ranges from1l1.7 Mz
to 2.2 MHz, so that 2 Mz lies within the variable frequency range The
first frequency tuned RF power source is fornmed to receive and neasure

out put power and reflected RE power and to vary the frequency in the
frequency r ahymgbfpagsagesier flowirk protdds gasinto thieimtedon¢f plasmaproce$siRE power
fromthe firgt freguency tuned RF power source 104. [0026] A second
frequency tLﬁi?éH‘ i]%ower source 108 is controllably connected to a

control I er g@@2snd Wﬁéﬁﬂﬁéﬂdﬁ@%ﬂﬂﬁkﬂﬁ&(&@@%éﬂ%% @InRol1asI¢ @orrectdartough a

second nechani cal match box 110. The second frequency tuned RF power source

108 provi des epnirgHer¥)0and,providercpowertte die shawerhicad elepierendZthraughgdirst r om

26. 7 MHzg15 A | by | .equenc
range. The s'%%gﬁ%cglr%%% rl%}g 1@%‘%&%@%8@%@ gé ‘P%rs\r‘?e%&etei (B)b' i’éé:‘;élg%e an)é
nmeasur e out pisarjabledreqaenty, ehichcihehis Bmbpdingnt fitged fromal.y MEietd 2.2 MEASY | N

the frequency range of 26.7 MHz to 27.2 MHz to_mnimze refl ected RE power
fromthe sedb#d athin theeripkle Squencydangse The Sirst freqpeney fyned B

rd
frequency t !,r&o etvelan g&g{ L&dd
con'?lrjol I gr %SQBEA: pr%??ﬁ%%g{%er todt e se{)d\yéé'ﬁg’gﬁreg ect rﬁode g‘.’tﬁm{%’ugh a
t hi rd nmechannd & vargithdfrequendyt ih the fiequdncy dadgeafucshbHz b2 MMz monenimseur ce
112 proyjides vari abl e frequeng which in this enbodi ne ranges from
50 7 MOt o TS RE Poser fv theBis Bk olie P EHE PURE D 1 equency
range. The yoo26] frRGeESHD rédHeREY tRedRIFOWRE sGiRbE £68 ikténirsilivdy b&ithebd

recei ve and nmeaSure out put power” and reflected RF power and to vary the

frequency i to & pentfalleg 569 end provifles pbwEOtothe showarh@d. cdectnade 23 thronghhd ze

refl ected RE. power fram,the thir r.eguenc uned source 112.

(50261 1 5t rsestnd Hhechnndiies bi 1, LBk 050 ekt M actPt sified o

power sour Cee8 pasvides AevatiaBle\Riga¥ncyY Fhich ih @iy embbditndnt Mriged foR 267 NEHARE

tuning. In other 30 enbodi nents, the frequenct))/1 tuned RE power sources vary
ble

t he fretfients23 e, sothate7dyIHzdies withimthe waripble fiequensynegea iihg seeond

frequency t QB E SQULS EPS [ed l,ess
than 1 M—IZH"%'%j Rgrtl"lﬁlng ra gweérssg’%ﬂﬁ\é%%oe afége eﬁg%ﬁnﬁﬁeﬁ}l@gg&?’%ﬂn&t ed
power and ygifleswd/RF dite vadyl the\r cy inthedrequeitidngeoft 167 MHEBOEG nent ,
t he pl enum between the plate 20 and the haffle plate 30A and the_pl enuns
48A, 480 and’-43\dHp & minimizerefiseted RE pawer fonsthe seeond fregueneytupedRE vi ded
into an inn Aol nd an outer zone 46 by seals 38a, 38b, 38c and 38d,
such as O-rﬁél‘as. ﬁﬁézllogher zone 42 and outer zone 46 can be supplied

pr oces2M@as[@2fhvi ry ddid frequenty funed ®EF poneer gadree htPissdontreHatip domnectedaw r at es
by the gas distribution system 100, preferabl of the

€ under contr.ol
control | er deentraliss S0Q ard,provides ppwertodhe shayesrt &’ée%ﬁmglmﬂm() t he
i nner zone ﬁ"ﬁ%l i Py Qh]% d Wik l.nto an
annul ar chaﬁl%ce agig?\%l bt%ﬁzféaf r’ghg t eﬁ%'?ééfyzone %@@%?@g?ﬁgﬁ | ows
t hrough t hea pariabbgfrequency,hehiblaid this ghzddimeange3 Gidbm 68. 7N Hza0 60 2 HZ)
showernead Z2naéh ks ids ek v vabanf triqbendy g TheBTHeilenined 12

25 RF power source 112 is formed to receive and measure output power and reflected RF

power and to vary the frequency in the frequency range of 59.7 MHz to 60.2 MHz to
minimize 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
30 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.
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[0030] I n other preferred enbodi nents, the plasma processing apparatus 10
can include a gas injector systemfor injecting process gas into the plasm
processi ng chanber. For exanple, the gas injector system can have a
configuration as disclosed in commonly-owned U. S. Patent Application No.

09/ 788,365,0&0% Patent Application 15 No. 10/024,208, U S. Patent No.
6, 013, 155, V. athepmigdimentothy piromm beswrenthe piate B0 aad fhe haftisplatee d

herein by redgd ghffhelglenulns AA u&BlYd 4h&%%%%phgﬁ§§§%ﬁh§%gﬁg@@go@d

into the plasna state 1n the plasnma processing c
sour ce, sucharedivadediitosovinner zbne 42 and eh euter poles Ahy sealsB8p o3&y, 38oand 88d,

dri vi | ectrade in th bst t 14. The RF lied t
the 20 el eciPEEs Sotagi T8 ol Pate Than GRFTisnedd g be s Frorsmctas o
suppl i ed 5 NtigvidaediftRRIRSPCATE SR MnERASRAId/drdlow FRE Pl YaylikRibitant | NE

period of less than about 1 s, ‘nore preferably |ess than about 200 ns. The
change i n ga¥stesni{s preferably sadersiontrgofithe consrallen 500.nGaslissupplieddmmias gas.

The first, s n d third .FtF.power soury£es,104. 10 12 ma ave
mochan oai e ddne BRCuubRly 40 blelioR BUBE ARHA B 2y stieg i BR RRBF LS ¢ o
enough to naoab gidwuppliedinkgan dinathaohshnehedn shd thes Bitd tHeamtt@oROs6 t TRAS are
provided for tinme periods |less than about 1 s. Therefore, the first,

second, and Pregestiggloypydbrough thepassages in thebafflg plaes é%em ard 30(d apd theap| e

t o neasuype PE ﬁE&ﬂa : uency to

m nim zzbreﬁpé‘?%igg@ %@J@?&ﬁﬂ%ﬁ% ni mé?ng t:qgoc}é%?l?ge‘%:l{%ﬁeg power matches
t he i npedand@03] t hin éthercbréfntd embbiigmentsa theeplasmd precesingappiramsdbDaaher wit h
t he RF power, sources ,through a t.chbox. [0032]F| G .2 shows a preferred
enbodi ment YR TEASERIECIGR SYSIIL {9 IBIGEEREP &% I e RasmARrocessing suppl y

section 200 ch@nbdrOWof 9%1[51% tgg g%ﬁ i(ﬁ)i{éﬁgggysté’tﬂ%aﬁ hd@Sa Eélﬂﬂ@ﬁlﬁti& as¥eidseqd 400

in fluid comunication w ."The gas distri on system 100
preferably & eeninoolysokesedlUSoRatent ApplicaGon Nel 09/788,3617.8hPatentcApplicatied i n

control g0 ni i t.o .cqntrql jon_of sectipn 200,
fl ow coﬁr wsi@%ﬁa%dg-sa%ﬂﬁfﬁgﬂmﬁaf @&%&99%0&%&% ﬁ?l? ﬂtot he gas
di stributi ommﬁ'ggmo}ﬁ&awgh@fegﬂ@%&iﬁ%tehgﬁt}zoo can supply different
gases, such as first ‘and second "process gases, to the flow control section

300 vi a resf¥3di ve The procesa gasis coengizgd intpitheplagns stae/ig therplasiiia pracessing
second gase e different composithens and/.or s flow,rates from
cach ot hor - SHERIANY Sheneretibe SEOR R KR M5uRR dVingdiieue s STt he
flowrate, gdideel@iding an 8Rcirydetinthe MS&ﬁih!éﬁﬁpérhﬂ.P'Ph@RFiSb%ﬂapﬂfed% tHeer ent
gases that can be supplied to the switching section 400. The fl ow control

sect i orPBooekatrods 22 qaadeaiaripd Maar diffesontizas eemperitions ashauppbied infe thet ¢ he
first and sgEoRd pAREGInd Ghabdber B4 gréft iy SRl £Amd Peri¥d 8r B3Pehan about 1 5,

more preferably less than about 200 ms. The change in gas compositions can change
the load or impedance from the gas. The first, second, and third RF power sources
104, 108, 112 may have mechanical impedance matching devices, but such devices
25 may not be fast enough to match the changing impedance when different gas
compositions are provided for time periods less than about 1 s. Therefore, the first,
second, and third RF power sources have variable frequencies and are able to measure
output and reflected RF power and to vary the frequency to minimize reflected RF
power. The minimizing the reflected RF power matches the impedance of the load
30 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




passages 324,326 and 364, 366, respectively. In addition, the flow rate
and/or chem stry of the first gas and/or second gas that is supplied to the
pl asma processing 15 chanber 12 (while the other gas is diverted to by-pass
| ine 50, which can be in fluid conmunication with a vacuum punpi ng system
such as between a turbo punp and a roughing punp) can be different for the
i nner zone 4sectioni49hin ffuid epmaomécation Mﬂwnhlpﬂ?grqug\@th'ﬁtuhnmwmm H¥kti on

300 can prov Si strle £ 0SS
Subst rat o 10PORRL B8 neiides o (SRR 00 ERE A OBt LosiRef el
[0035] I n t hecopfusitcaion toebh@dl dpefdtidmof @ik gas Repysiw sécﬁmnrmwﬂwcaﬂtrﬂoo i's
operable to switch fromthe first gas to the second gas within a short

period of tiS¢Etien Qﬂm/ga@ﬁénﬁpmpgtse@w@@ be replaced by the second gas in a
single zgne NRRIcaE 4 zone
46, whi Ig’ S||T®Tgﬁﬁ;neou§1%ﬁgl ver ‘ﬁ‘r‘\’% S?’%%&ﬁdpé@% &Ebg)hf %daggz y- pangjs I ne, or
Vi ce versa. dIfferegagasesMsﬁdmmwaﬂseomdﬂﬁﬁcmghmsaﬂolthe flaw contrdlcdectimi 3@kEn t he
first and second ase out the qccurren § ﬁl rablée %rgessure
surges and fA®FS t.ap &&cond sap gney 045 The, @%ésecma 8&SFF¥H, the
gas distri b‘lfab@ﬁ]@féit% B0 ti6A b Yo FdwArafed Btk RBddndthes, CONSt ant

sequential volunetric flow rate of the first and second gases through the
pl asma procd88341g cﬂ‘hﬂﬂewmn'omcpdm%@i?sl@er@h;ﬂom&al thélbwnamdamhbodl ment

of the S suppl y. s | O of the. tri t|o eml gas
suppl y g@ct i% 8&8%@‘1‘? tﬁragl‘@?gﬁlc;?“%’ odl& b«frsu %%Qﬁ%nt r ol
operation ofswifchitig %@éﬂdhcﬁoocqm(mﬁﬂé&tm? H&iﬁoﬂ%wéhﬂ ﬁﬁ)vi’déchlffbféﬁ/t flentraes | ers,
to all ow control of the conposition of two or nore gases that can be

suppl i ed by andfer gmmgmqspp?ﬂ@é'm amd seoend gages tadhe section HO0 yiagasuppl y

and 216, _caloBerarh T bl o SRR AR B oot o Doy TR mndbh, 235 and
the second ghémistrpof 8k irst\gasna or sédmclwﬂﬁumshppmlm 62 processitgd! ¥
many different desired gas mxtures to t he pl asna Broces& ng@chan‘oer 12.

The nunber ehamber 12dwmhile she other gasds dweft%tc’gtagpw ding SBwhich caly aniuido i s

not Iim'ted ¢ Q%H I
i ncl udes at T'eas q{a&éﬁh{:@%&eﬁgﬁ gas pn(%?)ggegn% or&gl)?(% R{rﬁe gag suppl y
secti on 200rahingminysicanbe diffdremt for thedmtertizbnn42 mmlegiatergaﬁe 4@ur ces

i ncl uded in the enbodi nent shown in F 3. For, exanpl e, the gas supply
section 200 @ngﬁQ‘G copgol ﬂeﬁ‘ﬂ%&% ¢y proyidg desired,gas figws @B/05 g% cen, or

for e gas Sol:’l{efn%me@&ogé &E%ﬁ%’&x&gé éélg&?é %&nﬁ’@ul& a&‘o’% 58)4 the

respective gas sources 1 nclude In gases; suc r, 112, C12,
N2 and 2the tnifemigys wel | as gaseous fI uor ocar bon and/ or fl uorohydrocarbon

o oo pr octi03Bh " I siere distrifiion Ditech S0 Ehe SN scsHen 00 RPHPE B02 216
can supply ﬁ(ntcﬁ oml\tﬁ)e ?El%ﬁ s folfRe s&%n Moﬂ#ﬁgﬁ%@%&oﬁhﬂw@ﬂé’

sui tabl e or er eof e particu r gases sup y the respective
. gas sourcesﬁﬁﬂgaszmﬁiecepiadmllgeﬂlese@nid@sada singlelzonelesmultiplpramesssgithat is to

ot chi ng andROP I &R tEpet e o, Hoas septanaqst et e st e o oo
can pr@g depyp B%%n\é%xsﬁéé bélﬁa/ Tﬁagﬁs%m e&ﬁbncm Iftwi‘éfe?ibl gaafswitdat can be

supplied for performng etching processes and/or naterial” deposition
processes. mee;q thi @rgamdsgmnd;gasmthwt Agoogengenreaiflupdedimble pressutes  at

I . .agj T
et N T B 7 5o SR RS B TIG MRS, 92
I uor ocar bcﬁg\s@ﬁz idﬂv@hq{i&iﬂfaﬁhﬁﬁ%m cSnstant s&ﬁegﬂﬁ&olﬁ:ﬁeﬁaﬂowﬁ%ﬂmm

shown in FI the gas supply sectlon 200 includes a first tuning gas
sour ce 218 thﬁ&rﬁaséemdtgasﬂsnl;mgabﬂmlm@amessmmrb%d bel ow, the

first g r@gﬂﬁs SHGCS shows £ r%fésr?edoer{gbodi'm'e&%f%es gas Supply sBditon 0h STRL! Y

tunlng

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




adj ust the conposition of the first and/or second gas supplied to the gas
switching section 400. 30 [0038]In the enbodi nent 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
communi cation with the gas sources 202, 204, 206, 208, 210, 212, 214 and
216, respect Fuppligd bythe sas supply seqtien 289, Brthe smbodimentthe gay spply segtion
comuni cati o ] j t ni C a ni ng
gas sour e 2 ikl eldgichad dRikBPp08 203 e 0 H0roE. SIEFIREElED) 09
control the bdingindAuvit bomgamicatipp witadhefirst has limes285 atdatle gacond gas hws24502- 216
and 218, 219, The flow control deyices 240 preferabl re ss f.low
controllers f‘ﬁ/ﬁ‘é‘) thegas f??“?ﬂéoéﬁﬂbﬂﬁp 0L F?"%/“r'i F‘T‘Gﬁag?? myxfuiRs o
250, 252 g e dh@'gﬁ&ﬁg p%&@gngamm@ﬁ@ﬁ&%bmws@m%cﬁwm%g&e gas
sources 202-216. The val ves 250, 252 can be sel ectively opened or €l osed,
pref erabl y udisidibugamsystem b0 isinot boited &9 angyr paBSidolar ramber ofigal foumesimt gas
m xtures to be _flb?V\ed to the first..gas.line 235 %nd/or t.ne, second gas |ine
245. For exdBCEoILPClEhitigast o BYEPUEEE o FPR PRATRIPT® SR UBP Y or e of
10 the gas Se@blicHEI00%AR A6 Mbld Mad Beles MR ﬂierw%magay@&uaésan@laaaﬁmh@d Wi th
clo

the ot her ones of the gas sources 202-216 are sed), a first gas m xture

can be supplguehedigentshown inFlG3s Fargzsampls, theigremppdy sestion 280 camyinclidey al ves

250 assggi at h 0 ile the
r emai ni ﬁ:g vatla’\gégﬁéfsg&g’gﬁs‘g% Fégé\gel%;,ts#l%ﬁéﬁiﬁhree?fag A é‘g&%{ ﬂ%&%@ggﬁﬁges
202- 216 ar e thiteae by provideddontle gapedtivétds soutess includoinsliniiibal gases osuch s second

gas line 245,  Acc rg:'ég ly, ,varjous m xtures and mass_flow rates of the
first and s&ﬁi’oﬁ&'gia Andthe likeo ot WeH ap gasepus flporoparhan and/al 235 and t he

second gas I h%ﬁ) | ' fefgl on 200.
[0040]In a pﬂdg?oe regg%bﬁg%g#{#gh{l@?%%g&%pp ?ﬁds]glgg%gnigg@é%se operable to
provi de a centbodinmns, the plasmh privessing shamberdissmotchiclpates and thetgae sdurcest gas

i ne 235_an he secon S, li - ctiyv The first gas or the

second Yas ?@g%lé\ﬁ%“lﬂ?%f%ég@%%ngﬁpﬁég&é‘r ﬁgﬁ“ﬂ%ﬁé% afzeﬁﬁat {”éa{‘}ﬁe ot her

gas is di vekhighid SrdbF@eRHND AR Paktt@ilar Bafes RpFlRdichy the espBitivetyat &t ed to a
i

vacuum punp, or the like. By continuously fl'ow ng both of the first and

second gase202¢f6 cambe stilented based on theydesized poOessahatds b beyperfampied icthange over

of the gas L}t Fek 80 HizhiEr 19, S00PRaBull & %S SRS hARA &holiisn ! O

processes. The gas supply section 200 can provide broad versatility regarding the

20  choice of gases that can be supplied for performing etching processes and/or material
deposition processes.
[0037]  The gas supply section 200 preferably also includes at least one tuning gas
source to adjust the gas composition. The tuning gas can be, e.g., O, an inert gas,
such as argon, or a reactive gas, such as a fluorocarbon or fluorohydrocarbon gas, e.g.,

25 CsFs. In the embodiment shown in FIG. 3, the gas supply section 200 includes a first
tuning gas source 218 and a second tuning gas source 219, As described below, the
first tuning gas source 218 and second tuning gas source 219 can supply tum'ng. gas to
adjust the composition of the first and/or second gas supplied to the gas switching
section 400.

30 [0038] Inthe 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




the gas distribution system 100. The flow control section 300 includes a
first flow control section 305 in fluid communication with the first gas
line 235 fromthe gas supply section 200, and a second flow control section
315 in fluid communication with the second gas |line 245 fromthe gas supply
section 200. The flow control 30 section 300 is operable to control the
rati o of t heinffluidtommuniation with theofitshmninggas sewce 21® amhthesacand taoing 246,

Control 1 ne RIS ebfestEayo TSRy S feace Pt Satine B for e 3 out o
zone 46, resmbfﬁl‘é'g‘éssﬂﬂﬂﬁb&b&%zisisééiteﬂgﬁséoﬁr&is‘ﬂﬁzlﬂdah&Z‘l&ezllW'mSS l'ine.
The first flow control "Section 305 divides the flow of the first gas

i ntroduced diow bentrdl devicess24Q preferabdp atermass flow enngolersdMitdet 1l ows of the
first , h d.fl L ' b ¥4 | f th
second gls (3N B REmeient Sl in FRE 5, WByed ek 22 okl Lol |

flows of theyas pasagesIRwvnstiédsn bf edch ofldvgaaaotrces 265216.0ThaGdves 250,082 5
first and second gas passages 324,326 in fluid comunication wt %pbhe i nner

zone 42 and cgubeselgetivelyiepened epelosed, praferablyndarconfiol efthg gongrller 0408 and

t he second f ' ' | h—% ssages
364, 366 in%ﬂ?ﬁcﬁﬁ@%ﬁp aﬁ?@%&‘%‘g{]‘wﬁ\# ﬁdﬁeﬁgﬁigﬁt%e ang ogltuggégg‘%e 4%,
respect i vel ygas tha245 eFavwexhmpie) by opetingtheOmlves 252 @bsb2iated with oné er mert of

t, the first I AR 05 d th d f
cont r o oo ithesssoutcan i BHs e G remsiine alyes p3aareosted¥af B a1 o
restrictor Rngl of @blols ffitced 20008 afClbldds(d it Sdsiixhite caif e bugpiiclod iegh 1 .

The flow restictorsTare pre y orifices. flow restrictors restrict
gas flow andirstegantine 23RnLikppisexbyrapering thervatven 25 assopiatedwitheonenormerggi on of

TSt ) b Sh e asher et Soihek a0k b ols Yt FRtaiie Saf¥Rt 216 SRl Ml 4 o°
preferably ioielk BA&Sofdhd £4sRhlce® DOBLI 6 aflfosed), B secdnilgas phik@fte cirobe , five or

nore orifices, each preferably having a different cross-sectional
rest ri c1$ onsepplied tethy secendigasfline 246, diceendingly, yarigusimixtures god gags8o%ect | onal

area. The restrictiagn sizes of the orifices.ar t

Cross-secti o@h%%tgy&gﬁgn&gﬁs&s C%bﬁgﬂvf%%stgo e%leg%sali&ﬁﬁ (§v1\7lgl gaﬂt"% of the
gas di stri byédofd gay EhEPA5DPcontitiled bpérati6s ofthe gas Rippipidcrion 200c orifi ces.
The gas flows are preferably operated at the critical flowregine in the

f1 ow cont r ol0048Lt i on aefessdembodiment;the gaswpplicieation 20 isongrablatoor i fice i s
det erm ned | e j r Fe Gl i . t he

1 ow conduc PR 2oncinbSed 13k o il il e So iRt odBEvi BB ERMIca5 30, |
orificezgo aritesott gsline P43 gespidctvelyaThe first@ugbr theseandfgas és flewedmsthe .

[0043] I n the enbodi ment shown in FIG 4, the first and second f _ow_gl%trol
sections 30Blasma peacessingehaneher 42 yehils the pther gasde divered tosthe bypags For

exanpl e, the arifi a:&nﬁﬁgﬁﬂﬂ! ; fwve
restricti onﬁgﬁééess]%r&?ﬁ%,ggal ame etgis%,% of one, t’égf&e?%g'r mﬁ“ﬁé‘ﬁ?ﬁaﬁ% si xt een,
respect i vel flowfigdsthl ofige\firstdndsegas gifes, trvgas distributionrsystgin H0 cahiachieve
orifices 330-338, the four orifjices 330-336 have approxi mately the sane
total conduipPichehange oyery ﬂéﬁgacstf@"éi ngle orifice 338. Alternatively, up to
t hree th r <l 3 &ﬁn@ eoE | | t
ratioscéo tﬁ’gagtt a@%ﬁ%ﬁ%ﬁ%%ﬁo e(fﬁ%borl |Hces %ggw%og&gg&gg%%g%gpto t he
the gas distribution system 100, The flow control section 300 includes a first flow

control section 305 in fluid communication with the first gas line 235 from the gas
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

30 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 46, respectively, while the first gas is diverted to the by-pass line. The first flow
12




conductance of the orifice 338, in order to supply different ratios of the
first gas flow and the second gas flow to the inner zone 42 and the outer
zone 46. [0044] Anot her enbodi ment can include a different nunber of
orifices, e.g., atotal of two orifices; including the orifice 338 and a
second orifice that replaces the 5 nultlple orifices 330-336. The second

or i ];]I Cﬁbpéefml §ﬁch9§3951é1\’$@ﬁﬂlﬁrﬂ%‘tﬂ°f§$elf@ﬁt gAsdntradycedy at the first gas Bus233 nI |
such embodi nEpl v, %g ﬁt{??ﬁcﬁ OF b Mest ggésaﬁnd%‘esse%gﬁu b Sc{?&)ﬁ/@ﬁﬂft?@én styplie

to the inner ZOI’IE e outer zone roxi nma

[ 0045] Val vexdidides meeﬂow athy sevond lpas hiteducHdsit ﬂmb@id gadineP5tMme twospect i ve
orifices 330-338 to copntrol _the flow of the first and second gases to the
orifices. ForPapleauliahilews ofthe second gas. Thefirst Sawcontreleertion S&nmchides or t he

second fgow t?}gfv‘vir{dﬁgsv&%?é t R:gss? 322”?26){11 El'?:oﬁ?:h 687 WG ifhef 25hel

opened to al gas an or second gas to one or nore of
t he associ ataad wtdrtbmye@aéh\&&ﬁ wwxﬁlclsmtclhmgcsymélﬁﬁ] and tﬁeébciondﬂpmed to

allow fl ow of t fi.rs as e se ond as t Jce(s) 338.
[0046] In tH I‘F?mrs&‘r‘“?’f %999 61‘?3?%#“5%’&‘{]?%“ ﬁ‘ée%gﬁ‘#’ggé 336 am i n
fluid 15 corggHihnadédtien Mﬁﬁeiﬁﬁrl@ﬁe%ﬁﬁﬂﬁcx&%ﬁeﬁ%%;%ﬁvﬂzsﬁﬁﬂﬁ: 322 is
divided into the first and second gas passages 324’ ich are in fluid

comuni cat i @Wltﬁhmﬁ systemgd. swi t ching section. A pair of valves 320 is

| ocat edshn irs r fl ow of the
first g]atg flro 23 throuﬁ%fone or g%ﬁe ﬁg?ﬁsg%é’r%‘f ngmi %ﬁ?@éaﬁétﬁche first
f1 ow cont r olsecopdtfiowicelitfol bertioh 815 RacH include atiRadtid6o Plow! RRetrieirel Eatf flowne 46.
In an alternative enbodi nent, the pair of valves 320 | ocated al ong the gas

passages 32estricter praferahly hash ﬁ%@dr%?lcﬂo% pigg fer 2as How- thegpehat. vBie lowa7] 1 n the
fi fl
i rst Tlow qagilgls ﬁ@%{%ﬁégglblgggggéé‘er@r 4\%5@%&5& st &gé‘ﬁgg ﬁhg@@n&rﬁg 3gas

passage 319. e gas I nto gas ssages
whi ch are ianfp mmmelywnnsmttlgampmssdre iherdgiomnsef the gaspassapes gpmepmsufages

O e e
or [ i ce_338gj) doifof Ldofibn 39SpRAERS iSIRIRIIRAUGE oF 2. Qw%nth?éeter”at've

enbodi ment, the pair o ong the gas passages 331, 333
can be r epl ﬁcw,oﬁtworanelrertgiﬁgps feechpmﬁa;ahlahaang p@ﬁ)ﬁfﬁ}aﬂimrbhaestmmhd flow

control section 315 a|r s 320 ated 30 al,o f| rst and
Cotona gas " lrBRna SizedeBan ditfient Sinthciet 91 RGN HEsSselnon g (T

t hr ough- oneregiricBh §izef of ﬁue oﬁﬁbéé &8 SmAns tﬁéﬁm%rééafseéﬁuﬁt ar6N6F e oa:efd the
outer zone 46 of the plasnma processing chanber. In an alternative

enmbodi rdht , pertiongpef the ghs ﬂowlmémﬁiﬂ@ga&rbambdtlm syStEm ﬂa@O g'ﬁbe wﬁmges 364, 366
can be repl ag 049 fl ow
control secP’?egWﬂgi/gomfﬁ 8?% fflﬁe sar%px;egm‘é@ &critital flow

regime in the flow control section 300 so that the flow conductance of a given orifice

is determined solely by its restriction size and upstream pressure. As the flow
conductance of an orifice increases, the pressure drop across the orifice to achieve a
25 given flow rate through the orifice decreases.
[0043] In the embodiment shown in FIG. 4, the first and second flow coatrol
sections 305, 315 each include five orifices 330, 332, 334, 336 and 338. For example,
the orifices 330, 332, 334, 336 and 338 can have relative restriction sizes, e.g.,
diameters, of one, two, four, eight, and sixteen, respectively. Accordingly, when gas
30 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




t he gas passage 359. The gas passage 359 is divided into gas passages 372,
374, 5 which are in fluid communication with the first and second gas
passages 364, 366, respectively. A pair of valves 320 is located in the gas
passages 372, 374 to control flow of the second gas flowed through the
orifice 338 to the first and/or second gas passages 364, 366. |In an

al ternati ve eomdodiamernf the brifices338, of ordar tocwpplydlifferent mtioupighg firstgagHew

passages 372 4 can.be replaced b i - | ve. 10 [0050] The

orifices 330%%38° 5 nﬂﬁ&ﬁﬂ&ﬁ&ﬁ?%%@%ﬁﬁ%ﬁf‘{cgﬂﬁ%\é@(?%ﬁ 300 to prevent

pressure sur@ed4pnd Arotriefbbdimdnt barticivde hlteffgrant funtber oherifitdsce.gaa

di stribution system 100 chang’es the gas flowed into the plasng protggssi ng
51]1In

chanber 12 ftotakof treo erifiess; inghrding the erifiee 33fandasecangofiiesthireplaces

t he enbogdi ne OV | Gagds : &g&FI@ t fol idikdg 15
gas sourge Z@Q@E‘gh%??s%@g?r 'g%%g%o g%ls‘lgg%? y t eﬁlla?{shtestgﬁlﬁirﬁggtﬁ%%&s to the
first gas pamsshgerificki33sdhauclsanbrdimgas thraiowe gaicdsfdhofirst gas dnd/etsetonmly
control section 305 .to adjust thg fi r%‘%" as co sition., Thgy?. S passage
244 of the <3%88HRPlied P s 19aer Z0BR ¢ 819 %ﬂf ne 0 1SAPPFXIMACY £13- suppl y t he

second tuni Ne0sEs t 7248 3bb F’ﬁéfe‘gg@'t#%ﬁ’%%%g “?Mgg‘ &Qich P ANesREVPaSSage

366 of the second flow cont o adjust the 20 second _gas
conposi t i on.orifives 830-388 tmebntret thedlavaof thg figstswd secondigasaste theenificeanFay gas

or diffepent tunin ases.. [ 005 flow.cantnpl .deyvic 4 r af ly an
MFC, | S(?QI‘ r ﬁﬂ@ﬁieaﬂb&‘ﬁﬁmgl%%%o"%&%c&é’n?@g _aanér %ssefﬂgl fic'rvg b?l%{:‘gltsgéa&g]l ong
the gas passHgesnedstimordd? thedvdlRi3i320lcah b Wpededitb allowfiow bLuht Migstgas androp t he
gas passage 326, 324, respectively. In an alternative 25 enbodinent, the

Eai r of v?l \SeeomRITRS k@ org eitimeted ghe mogﬁwdﬁéﬁsd@b@%éﬁﬁ,,sééledhﬁowf yaye afed
! | > 0 ! .
VEC b or r AR0THORMBH Y B gon i a0 st o8l O eclit bhiioifP ornBEALPIR b A

the gas pasqegss] 37n thd fizscfiowe cdtitiod sedtion\805] tht beifiser3BlH33Guerin flgids into the

gas passages 366, 364, r.gts)t%ectively. In an 30 alter nati_ve,eggﬁdi nt, the
pai r of 19al wemmmication avithitha gasppssage 372s TheLan gessage i ig dividedhintothee ) aced

by a single, - i ] 'Hﬁlrgo Hal=n Q%n%aﬁol
section 300°S t%ms%l%Lﬁﬁs’sa%ﬁ%%i #&’%‘ﬁ%@v@ﬁpro gg{:‘?‘?‘%%@ogmén e
second f | owsaaohihglsectivat 2 paiBdbvdlnes 3B00s ldvatedin the fistueisenond gaspasspgds i n
the sane configuration. However, in ot ?ﬁ)&@greferred enbodi r}”estgts. f the gas

di stri but i o24y3Aasmeontol Haye of the dirst.gaa floxed {hropgh e 8PP O1dBE PHIBFE 305, 315
can have di f3t_’,ﬁf3%ﬁtofﬁﬁﬂ9{‘ﬁ&h%o /s%ti&l%ﬁ %éixﬁ@f'idx{luﬁ%ﬂﬂﬂ%é && each
ot her. For éxanple, e first and second flow contro

sections 305, 315 can
20  zone 46. In an alternative embodiment, the pair of valves 320 located along the gas

passages 324, 326 can be replaced by a single, four-way valve.

[0047] In the first flow control section 305, the orifice 338 is arranged along the
gas passage 319. The gas passage 319 is divided into gas passages 331, 333, which
are in fluid communication with the first and second gas passages 324, 326,

25 respectively. A pair of valves 320 is located in the gas passages 331, 333 to control
flow of the first gas flowed through the orifice 338 to the first and second gas
passages 324, 326. In an alternative embodiment, the pair of valves 320 located along
the gas passages 331, 333 can be replaced by a single, four-way valve.

[0048] In the second flow control section 315, a pair of valves 320 is located

30 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 altemnative embodiment, the pair of

14




5 include different nunbers of orifices and/or orifices with different
restriction sizes fromeach other. [0055]1n the gas distribution system
100, the gas switching system400 is in fluid conmunication with the flow
control section 300, and with the interior of the vacuum chanber and the
by-pass line to which the first and second gases are flowed. A first 10
preferred eniwsmieAiloced slangthe sanpassages §64.306<an boaenlaceddy atingleifqur) g 5.
The gas sw tghi pg,system 400 can alternately supply first and second gases
to both the rmner zone 42 and the outer zone 46 of the plasma processing
chanmber 12. [0849)as Is thetsebomifloy somrol 48@ions3 1iSnthe loniifide 338 inarranged alongvi t h t he

first gas passage 324 e second . sage 326 of the fir fl ow
controf - sect o AESBRsEE HOwTHR SEEsHTaea D B A a0 B R aTd. 31k second
gas passgge wkigh afe ih TRid EsMdnichOm ﬁrﬁﬂﬁ:ﬁé’ﬂirsﬁﬂﬂée@éh@éa’é-pa@ﬁgég?;@, 866,430 Is
arranged al ong each of the gas passages 324,326, 364 and 3b6 to prevent

undesi rabl e Ipﬂﬁgémlb Apaiyeof vialves 330 lﬁﬁam}?i im\rfhﬁ gaf PQSB}&gCS B72t3741d lcgmtrﬂind
. [0056] T ' 324 . ' A '
90575 i vi chay g’ s8ond 33 BRREA Mpidiiug oriflS 538 I fhg i hnfiRRMeBna BBE ' 0" 1

first flow gasdaped 364) 366.Cln s aldimtive efibbtliesht, thé Paif of val &SIt Palddg; t he
first gas passage 364 of _the second flow control section 315 is divided

into gas padBagepassagen3iR, 324 qan brreplaced by gainghufoyag@yslyieof the second
f1ow copyrolygpan! | Onddfinbes SHgvisAStle Libfiel JPuRIRAPBSrcl Shiniofi 3B cd 1 L e

enbodi nent , e gas passage comuni cat1on Wt e outer
zone 46 of tprevent presearehagdsamd flbw insabilities roths 2gefléwByhen the ghd disuibiion

and e gas TSR0 mech 4% ey taeBapPh BrooT A AT LA GBS (5 | n
fluid COW%&%%@S{%&@E%%&VH&M? 442 to the outer zone 46. The gas

passage 452 isn flui nication wth the gas passage 448 to the inner
zone 42. ThE0QM3 paboheembaditentshawminddC. 4/ the igas passage 2@mfihe fiest tupingni t h

t he gas, passage 44 0 e,.30 by-pass line,. [DO57]A valve_ 4 i s arranged
l'ong oleh: &8 ranece 2B E A 8 g S supot e SRCphingsds oigi tmggs %50 05
I'n an al t er padshy@3BNdatirEeeind @é‘-gﬁssﬁ ¢ 33ofik Fidst ow éiné@? sét4iBn 305 & ed al ong
t he gas passageS 442, 444; 448,450; 452, 454; and 456, 458 can be replaced by

a single, fadiustthy fivshigescormmpasitionl. vihe gas passage 2t efthe sedond tyning gassgurned
cl osed, pre nder copirol of.the controller 500. to suppl e first
or second gzié mﬁ 18 %CP%O WPﬁeth%?ef?ﬁP?E %r&,%a[s;ogﬁi@# g??gpa?%gxggﬂer gas
to the by- pasdor sed6nd gas passage 366 of the second flow control section 315 to adjust the

20 second gas composition. The first and second tuning gases can be the same tuning

gas or different tuning gases,
[0052] A flow control device 340, preferably an MFC, is arranged along the gas
passage 242. Valves 320 are located along the gas passages 337, 339 to control flow
of the first tuning gas into the gas passage 326, 324, respectively. In an alternative
25 embodiment, the pair of valves 320 located along the gas passages 337, 339 can be
replaced by a single, four-way valve.
[0053] A flow control device 340, preferably an MFC, is arranged along the gas
passage 244, Valves 320 are located along the gas passages 376, 378 to control flow
of the second tuning gas into the gas passages 366, 364, respectively. In an
30  altemative 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




[ 0058] For exanple, to supply the first gas to the inner zone 42 and the
outer zone 5 46 of the plasma processing chanber 12 and divert the second
gas to the by-pass line, the valves 440 al ong the gas passages 442, 448 and
454, 458 are opened, while the valves 440 along the gas passages 444,450 and
452,456 are closed. To switch the gas flow so that the second gas is
suppl i ed to same domponents agangeddn the smesenfguratine. Hewsver; neotherrefgrred

o

processing c , ile th j I hSdider ~-pass 10

line, the va ‘@Q‘z@ﬁﬁ‘ﬁ’%%gfﬁﬂgg“fﬁis@asd°8§%‘§‘§§gbﬁ‘g, (fhg(r}fﬁéo%gylb%@ﬁggg opened,

whi l e the vadergonsBB, 31 Do Kave diffGeasmpoaentsd dad/dridiffersnt danfighfllions fronl osed.

In other words, a first group of valves 440 _is opened and % second group of
f

val ves 440 ieachpthesqFerexampls. fhe first 20d seeongflow sontrel septpntR08y Hoekan; ng
chanmber %2, . L M ¥ ; he sane
second grgoup]ﬁggd%/gﬁ\}ééé&?}fg@?% J&?Eefrfi%e to C cé%g’gﬁm&ggésl@?ﬁgev&?%zéssuppl y

t he second dasmieach tthepl asma processi ng chanber. [0059]1n the gas switching
syst em 400, val yes 440 are fast-sw tchi val ves., As use er.ei t he
term"fast- s[\tﬁﬁgﬂhi _né“ m@ﬁm&néyw tﬁgﬁaﬁﬁwtéﬂn%%'%ﬁwlsﬁgﬁ%

Wi thin a shQimmefiRbnQbit! ETowsdiul Stitn BOB Sard\ith Bl QiNeridO6Y (HE vadiEe

preferably |l ess than about 50 ns, after receiving a signal fromthe
control | er 5hember @@l thpby-pass linedoavhidthte fiastand sacmd:gagesare flowag| $ first

el ectrogpical | y. control lL.ed and.actuated.by receiNin . S| fEo

control Iqlgr %%feFSdS dlt'ﬂen@?'g@g 53%5@%%%”3%? %@ Esg#fcgﬁfﬁ%?lgaﬁ'vghé ?%Sat can
be used in tshgrchm s %ﬁ%o’t@n%k&hﬁﬁlﬂ%?iysﬁmﬁﬁtﬁsmgaswm the inner

FSRSD- 71- 6. 35, available from Fujikin of "Anerica, |ocated in Santa C ara,

Cal i f or ni a. Zo00#2pnd therastergone 46 pbthgplasmp preeassige shamber 2o Theg3Ssuppl y t he
fi t , o T t L L RL 3 | ' [
the' second GatepiskinSp 400 it I i ForBhoni MoK Wi S RAC bastile DAt | 00

t he contr ol Ise¢ondQs ﬁmhgé@% ofhé Gkst floascongob sdction305rahdswigtpthy firftegasecond

gas to the vacuum chanber while diverting the first gas to Lhe .b -Egss
line. The aPBthage 364 andihesecondigas passags 30p.af the second flgwrppte Sﬁ?&ﬁ%? dto

cont of or 30 G00= FRRppind ARRcr oPuR ok pO8AeGA 526 A0 44 S80S 60
bet ween t he progncimiesigabde plesaes sutges durihgichangebdwerof the. firspanssecardl gasess | ess
used wi ch a [PSRIma ThoBEtats Epstaesiat o MraHtioy CoTPLCHIETT A i AR 2onc
to replace %@%ﬁ?]g%ls%% 498, 2580 e sktend %ait’g?r%%% g:/ngHfﬂleﬁrEtiﬂcﬁﬁ Sottidini N a

period of less™t ut 1's, nore pr ss than about 200 ns, to
t her eby2@1t abeédtionS06 iedivideddnto dad Passhgesgidl, 44d; tthdfirsg gasypassage B6O©f dhecor di ng

to a second preferred enbodi nme s, depicted in HG 6._.lnthe,gas switchin
system 1400,3‘%91‘93{%" n?%’&%ﬁtlgﬁ ‘Fll"’éjgdﬁmﬂ%? PRiIRESY S %é&?%g’e&m r eamg
of the val V?ﬁﬁﬂﬁg 368 dridedodd AR BAGHE REtd]S1 DRUIVASS HS BasshdsaEes.

O herw se, sw tching system 1400 can have the same Configuration as
t he gas sw #56,i43§. dy thecsmbilimeiiththeas passage 44ispn Buisheommumicatianbvish heessur e

surges during swtchi of . gases. |In an.alternativ mhodi oent, each of the
ol s of vapiiegzonoi dn? pisSER Shimba 3R 58 paSeed M4EB MINT 11 256
452, 4545 angorhfhndRtidr ¥ithahe Rffef £0He ARt (hy plsihh PEdcessit@eHanibRy 12 ddndahe

gas passage 444 provides a by-pass line. The gas passage 456 is in fluid

communication with the gas passage 442 to the outer zone 46. The gas passage 452 is

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
30  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




[ 0062] A gas switching system 2400 according to a third preferred enbodi nent
Is depicted in FIG 7. In this enbodi nent, the gas switching system 2400 is
in fluid conmunication with a first gas passage 405 and a second gas
passage 415. The first and second gas passages 405, 415 can be, e.g., a

first gas outlﬁltc“ﬂ d a s cagﬁl_ gas 15 outlet, respectively, of a flow
control sect¥® Y 2 single, Ruriay valvsy Thsrital s 446 bpselestivelynpsnedard g 4,

does not inc | ZSHR rifl S
| ocat ed al on‘gagéﬁﬂg%}a?lggﬁ??@guggﬁsﬁ%%ssagyﬁw%mgﬁﬁa‘% s%%‘@‘éi%g 415.
The first gae thachzmberAdhild simidltanedesly idinentinpthe paes gaet® tHLBy-pd@dineand t he

second gas e 445 is divided.,into.gas passages 426, 428.. The gas
passag eg 42 %ﬁﬁ@gﬂ OLF €, tR SHPRlY ﬂle R‘E gt}q TGopR 42 ﬁngﬂ"ceé?q“?f?z"BF a
vacuum cBany of the giakme p%%séﬁ?éh%ﬁﬂ)%r §24ndBied 4% REnd é‘as;tb Hiébﬁgﬁ@%‘-lﬂl'ec ation

with a by-pass line. A valve 440 is |ocated al ong each of the ‘gas passages
422,424 and thesalvap4d0 glongthe gas passages #é2 cHSatid At 458are bperfed; whilpther s of

{apl aced by NERHA a2 bl S0Rr0R5 985 i, S0 wellinst TSR, e

first gas t qakflewscthatthe feohe pastie Gusplivd|td Biedahé 29né a9 hid tHeusaGoRe 48as to
the by-pass ljine, the valves 440 al ong the fluid passages 422 and 428 are

opened and tof&hsplasraa prosessmgshambercl % 3dls fhe fiest gassp divefed sothe byepast osed. To

switch e ' i m
chanber ﬁgndqfﬁﬁ"e&% ?r\ﬂs%t? §g"££’i@§g H??g?? %%Q gg?%é&%)yz?%a‘?g ’ lﬂ?%%r% oﬁjﬁgc%gﬁ;%s 440
al ong 30 t hehd Valves 4dfsdampethe d@Ypaasaped 242,348 aad d54,0158ke tlbsed! dlnvtber440 al ong

the fluid passages. 422 and. 428 are .cl oseqd. [0064] 1. n another preferred
enbodi nent 8‘f°r€%é‘%ﬁ§tsgrg'm?%'fﬂ%¥?§%§§§§@ﬁn fad & seroad seohe fvalyss A0 G 7 can

be nodi fi edcliéed &AM | ol gsrﬁg% | i assage
405 and secgnd gas %Sg?ggéggﬁﬁ%? %p%??%ﬁgg?&{ehe %a\%ﬂ%r}%,&nﬁatﬁnﬁ{ 'l;h%?ti%lgd
arrangi ng afisstigroupeofi valvea ihclosediand thessanprasesenybgrodp of val ek 444076 openkd4as

downst th i af ed val 440. [ 0065] Pr ef d, diments of th
gas di s[5 bobrst g SRdflpty HESerond ee b bispm Prrerrwra A
cheni stri es[go89] or E!tﬁﬂ\/gésastvﬁ&:hlr% sySemPd 0TS B VRIS 936 aROraStNARRBingl vall &,

per form various etchi nal and/ or deposition processes. For exanple, the gas
C

di stri buti ofsawed bereingthe derm Sagpmitchingcedes” quenns atvelve thitsewhe ppenedsyi ng

chanber to r 1.0 Fl.1CO xi,de, such as Si 02 | ayer

pr ot gct;ad ﬁgzg%%:ﬁysﬁﬁiﬁg%&éﬁ%ﬁ%% ;gf;?sf %sg&gc’ i :msft?ézléji 02 Iﬁyer

can be tor feiblg 168 MRS UEI(Dins Villee Fece 461 $roin #ie donBBlI¥EI to NAVI NQ

a dianeter of 200 nmor 300 mm The featureg'g can be, e.g., vias and/or
amtgll

tr enc hedd  DoRanRy cleseh The yalvay 44} g prefermbly eleqteonipally qdcandaswftqdlw
Fsur es., 1 RopRu ey 0 R Ehnf e SP010 opll 4R sl B5iRnle

etched in tvavel that daa\be usérbin'thel gas switthilpesigtent4® is viiveIndtRY AumbeOESRL
Cross-sect Iuﬁg If striations are not repaired, they can 15 eventually reach
the |ayer err@ﬁgr@"?ﬂiblmm Enitkin of Apresicn. lpeated igant Clagp, Califoraia. | ayer

?g;i{ Egegl_f chiobge) A Hbcoftitliiy Wi ﬁascs%ﬂtclﬂﬁxgdﬁ@&ﬁi Wcaﬂr&ubﬁﬁ (i H&W%H,% g(.),ftot he
25  the interior of the vacuum chamber while diverting the second gas to the by-pass line,
and then, preferably under control of the controller 500, quickly switch these gas
flows and supply the second gas to the vacuum chamber while diverting the first gas
to the by-pass line. The amount of time that the first gas or second gas is supplied to
the vacuum chamber before the gases are switched can be controlled by the controlier
30  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 ¥ liter to about
17




[0066] It has been determ ned, however, that the thickness of the polyner
deposited on the sidewalls and the base of etched features affects the etch
rate. In 20 ani sotropic etching processes, polynmer deposited on the bottom
of the feature is substantially renoved during etching. However, if the
pol ymer becones too thick on the sidewalls and/or on the base, the etch

rate of Si 024 literiwithiaaqegiodof desathanisbout bop meate pafprablydess. thamabewg 2005, al so
flake of f Oftowéréﬂpﬁﬁlzﬂﬁe&%sgﬁgﬁms too thick. Accordingly, the anmount of
xture 1o

time that the gas - m ofm ng the polynmer deposit 25 on the mask

and feat ur eJ0061Jsup @l gRGwikhingtshsteml HO0RcEUrdng 16 2 Becondpriferred empodifrenabl y
controlled to thereby_control the thickness of the pol é%aﬁ:ﬁ osi .t fornmed
on the Si02 if dericted YhFIG 6 Inghe g2 svichingsystemci409; a valy &ction of

t he mask N 2Dy f gﬁéw I?)grﬁ{.ad' Walall noved

fromthesrra[ls%?p’ ﬁlé%iérqg}d%gﬁ”g,d"%‘ﬁe po éf%?%?fgeg?g er abl éé%gfggg??dgg@othné’g%s‘: mask

bet ween per ipnssages 4420458. cDihegwisé, thérgasSwikhingysystetnol 460scan davedie samef i ci ent

repair and profection of the nmask is achi . [0067].The gas, dist.ribution

ot em 100 CaRbBaeEha e oat pnorins Srskes 40 oThe pERcsla 3reeR: Skt

chanber to %Eéﬂuéisgﬁe@?%&ﬁﬂcmHg Bg e InVan"WhkePibie eRbBdiment, \EYcHOf ther esi st
e

mask, with control o hi ckness of pol yner deposited on the features,

and with reppairs ofivalvesr4i0docaterhalong theczaspassageped2gadd; 4B 430; 452,454t ad of t he
gas di st ki bytkli.o stem 100 Jj.s operabl e t |l]ow a first process gas used
to etchtl@he%gb()@g[s%nl?&r %}B%ﬂl%a ?1%18’ #Oﬁjé'w%y%giv " processing chanbe? for a
first peri oogg2]t i A dbshAckng sfR6A400ScoRdiNg W # tiRbstefeorel enbotiinero®) y et

deposit is diverted to a bypass |ine, and then_ to qui cklé switch the gas
fl ows so thaepicted in FIGnY gagl&ﬂmhmentsﬂtsspmwm&mt@h 400 sgdnfluigk ocessing

chanber to fQrm . ' ' I Lgt ] | lied

S0 the. by~ psommdnBaBE W GfFBRYiskeltl 08 hd € sédchiligad sl 1, CricarSt P =

confi nenment afid sond ghdpaspages 405 pF16xan degg.chfindigas oatlatand easdtondigast anti al |y

replaced 10 wiith the second gas m xture_ w thin %&% of less th about

1 s],c rm'L\?J pPutet; meapestivelys of nHAW cpBLel ss_e@m@awﬁﬁk / CHHIOT rEHER Tﬁne
refera . RS ) e

p y Wmvﬁk}'g?flo Se‘?’?%dgz%tﬂ {nn€f ard e%,aé gﬁtﬁtsa Ah 96684

first gas m xture use can contaln, e.g. or ocar bon
speci es, sudB0 adottEBalonP eachnal the firsh gasTpassdgecilSrand iseconf] @8 paysagy dhk>gon can

(' equenc} es TF Dt SaK BEssaEs AFis iecniES PataBenAs 42h B4 BB r om 50
contain, e B A s o e B R B e
fl ow r a0 o of flGHREMmammicatioarwitean mtayior of & ¥8Amns chiamberhandgbe garopagsagesi xt ur e
can opti onal4£3/ at?tl 2& al.rg?rll ﬂgﬁl c%%ﬁmlli)t%\é\ft{oni v%r: £%¥1p?1§s i aé- A valve 440 is located

along each of the gas passages 422, 424 and 426, 428. In an alternative embodiment,

each of the pairs of valves 440 located along the gas passages 422, 424; and 426, 428

can be replaced by a single, four-way valve.

25 [0063] Forexample, to supply the first gas to the vacuum chamber and
simultaneously route the second gas to the by-pass line, the valves 440 along the fluid
passages 422 and 428 are opened and the valves 44() along the gas passages 424 and
426 are closed, To switch the gas flows so that the second gas is supplied to the
vacuum chamber and the first gas is diverted to the by-pass line, the valves 440 along

30 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
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20 conbi nation of frequencies of 60 MHz, 27MHz, and 2 MHz at powers t hat
can range from50 to 5000 W For a capacitive-coupled plasma etch reactor
for processing 200 nmor 300 mm wafers, the chanmber pressure can be, e.g.,
70-90 mlorr. The first gas mxture is preferably flowed into the plasm

processi ng cha r for about secondg to about,6 20 seconds _each ti it is
i nt roduced i’&‘gg?%gwm&é@ﬁ BALEBREY ug\s)u;agnafglgrv &Sﬁ%&t he
by- pass |in%ﬁ%&&W%%&Wﬁe b geééggga@i%zﬁ,l ARshd 4980 the

pl asma processing chanber Tor about 1 second out seconds each tine
it is introcdevesteamef thecassoistbdvalyesdd40e the first gas is diverted to the

by- | i i t chi f S0 trate, the | ength t h
ot ching per 19863y BFecEet pBPofmemls et g8l as® R IR Sa i R dstly or
decr ease§ Wisupply differeft gdsashemibtiidsiad/a0 flo®/ rated %o theliRasped provassidg RR&hber

preferably reaches a maxi num t hi ckness of |ess than about 100 angstrons
during the ekctRiPsEfopR yauaus etghing and/grylepasitign peogesses; pForexampla: the §#Snut es.

Duri t chi . ' ' Lations
and provi do SesRfint BRlent 10 8 SEAGAEES et U5, At bROESBY dadbEl &l °TE
mask pr ef er altdh/featmreslia arxiicoh axidedsuthas ag SiDelagérgirotegteq by aa overl yiag GelsEhe
first, second,, and i rd mecghagpi cal. natch boxes 106, 110, 114 are used to
br ovi de. gr o8tk AL HYERISHath, TRy 0 oI RTed oh 8 SEBIFANdUNGT VHERa 5
frequengy t unatlad ¥ siROYRwaRe Hav B alddmetbP8f 2001 AnPS B0 R, OB fhdtufeB@aP! 2SR

processing chanber 12. The first, second, and third nechani cal boxes 1086,
110, 114 ar éenog.. aas end/or penches eDyringisuch etdhingypriocédses, ithis deginablei todeplesitc e

| oad d by.th i ckl i i.pe.. Therefore,  the.i fi
frequency. + GHRPIIG: Lo (hEar o ERERor. &g crsks o BRI t uned
RF power  souifR $i.d.0. fill 818 striatidni) Qo toat Getiterel ¥tcROWinthe SiO£have IRiifdesirbe

qui ckly varying inpedance of the |load and the first, second, and third
nmechani cal KBaReneBoxias hapea raung crassseqiionn If plsiatipgscare hotrepliradn theyicpnt |

£ 0070] 51 B el eadr B ol HRfyile, B2 Ak RV i et B2 watiire ' bihetcen
deposi tion gdyeér dinday étghing! Ao, a pbBiter SEbS @sfRysitbd b thidwidetvalle of thees whi ch

have to work 15 together. The gas volunme nust be small to reduce gas
transition f3#en t he processing chamber. This is achieved by naking the

pl asma vol Uﬁﬁ,@ S Skl #&;l} fd &g"[q- :E' Ies , the RF
generators aveTto heJL% (Ialmt%o rapei'ﬁ y %ﬁgﬂargl‘?o éss;dz’apl d%}%'%?yi ng plasm
condi ti ons. ddpusited on dehvidevedlsayd Ui bage of eichodofeatunds| affebis ahp il yaté. ulned

gener a;ﬁ%s rat her .t han, conventi onal nechani cal mai)gh units. For best

critic

203RPOHORIG efrhing procssses i) ymerslepasitedyon thy betiem of thefeatyrejisses are

split and t ] t&Fin € flfse Ibgg‘; | ly, a
tuni ng gas ?lg)sﬁgﬁe%g%lfgﬂn CE canégtgﬁ%%'e samgt%r %I %Pgrent r%%ttsﬂgﬁﬁ%a{rl] gases
and can be thedidewalls and/orbmitedatd, the ¢tch tdteofBliflh indeareasedrandimaytte waf er. So,

conmbi nati on of | the af ment i oned rdware constjtutes the oyerall
per f or mances Egeﬁcé’&‘ﬁ?f?ﬁ’agﬁ?mﬁ' ‘B‘%‘Eelé%géée %@P?f qcRs }fﬁtul?"}‘ip’é“e%? ment .
Accordingly, the amount of time that the gas mixture for forming the polymer deposit

25  on the mask and features is supplied into the plasma processing chamber is preferably
controlled to thereby control the thickness of the polymer deposit formed on the SiO,
layer, while also providing sufficient repair and protection of the mask., During
etching of the SiO; layer, polymer is periodically removed from the mask.
Accordingly, the polymer is preferably deposited on the mask between periods of

30 etching of the SiO, layer to ensure that sufficient repair and protection of the mask is
achieved.

[0667]  The gas distribution system 100 can be used to supply process gas into a

plasma processing chamber to etch Si0, protected by an overlying mask, e.g., a UV
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[0071] Whil e this invention has been described in ternms of several preferred
enbodi nents, there are alterations, pernutations, and substitute
equi val ents, which fall within the scope of this invention. It should al so
be noted that there are many alternative ways of inplenenting the nethods
and apparatuses of the present 30 invention. It is therefore |ntended t hat

the fol | owi M§sispmasksaathgoairakofiihe ﬂm@eﬁﬁr@fm@éﬂfa@‘ degesitedionghe features And

al terations, ”spﬁ ithin the
true spirit "é’ﬁg CO%HSJFIF h@a&fggée)&%’él nve %Mé%%t?é(;&% DIS 1.A
pl asma waf ermeﬁ-mhﬁmgsytstmi 10 Boperableg: aﬂowafim p}oamaehsdd to leecdithe Sidith a
pl asma confinenent zone wth a vol une Fgﬁmﬁf(fl east one el ctro . 5a gas

di stributi onb%WPE‘FﬁlF‘EPr the p4ASME; PRRCESSIRg g 4me whiea second
wh | f
A ol Lk e st g g

theflrst etchg mstry an zone wth the
ot her of theﬂléntmqmdﬂthgdsﬂnlgasrﬂe%yoﬂmithmc@ﬂcgmdmgmwEtllpphecbmpmﬂlﬁod of

| than 1 wher ei t At | . f
the firot etdiFbBrogtang chihisd i e apai*x%gr? prgeutie e e e a R er of n
a second pl as%ﬁﬁlé&bmdygaésflﬁepm s tohiR € sl eﬂ@&a@Ia@MhdeS a

second i npedance | oad ferent than the f|r i npedance | oad,
first f requ@%ﬁ%@%@@ﬂb@hs@@mﬂ%c Tamahar ds ?fdeip’bﬂé?ﬁaﬁlﬂaﬂ!ﬁéﬂpéﬁceﬂ east

one ele fr en I pl asma
etch ch 9‘0 "%\'I;\Eh@?gl ) pﬁgsp"?@%w%é&ag%?dt&g?\ce%%a%gﬁlr pslgur ééﬁagabgﬁl eto
recei ve ref |leqtitdth BouPP0Rs. 1 Thé Pasind Renfifentint Rolie pieferaliy isns yolumerofni m ze
the reflected RE ilower wherein the first frequency tuned RF power source

is able to ﬁl"@\?‘i’/@ ted*@ﬁ‘?%}tt%lﬂ%‘auency to i npedance match the first inpedance
| oad and a m "@Iggq)? ﬁ‘ﬁfd o ARssaRsE | oad,
wher ei n thei I'Tst f?@%ﬁ%ﬁgy I's dif gglgﬁ’mt ﬁQaﬁgggtéglb% far equency; and a
second fr equpedss, suches G3F;, [@ward agou.c Thé Aowpratiy oHCH/ Pyavgon tan bdye.gpl asma
15 20/10/500 sccm. Power is provided with at a combination of frequencies of 60 MHz,
27 MHz, and 2 MHz, at powers that can range from 50 to 5000 W. The second gas

mixture used to form a polymer deposit can contain, e.g., a fluorohydrocarbon
species, such as CH;F, and argon. The flow ratio of CHzF/argon can be, e.g., 15/500
sccm. The second gas mixture can optionally also include Q.. Power is provided at a
20 combination of frequencies of 60 MHz, 27MHz, and 2 MHz at powers that can range
from 50 to 5000 W. For a capacitive-coupled plasma etch reactor for processing 200
mm or 300 mm wafers, the chamber pressure can be, e.g., 70-90 mTorr. The first gas
mixture is preferably flowed into the plasma processing chamber for about 5 seconds
to about 20 seconds each time it is introduced into the chamber (while the second gas
25  is diverted to the by-pass line), and the second gas mixture is preferably flowed into
the plasma processing chamber for about 1 second to about 3 seconds each time it is
introduced into the chamber (while the first gas is diverted to the by-pass line).
During etching of SiO; on a substrate, the length of the etching period and/or the
polymer deposition period can be increased or decreased within the preferred time
30 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

20




20 chanber in a second frequency range outside of the first frequency range
wherein the second frequency tuned RF power source is able to receive

refl ected RF power and tune an output RF frequency to mnimze the
reflected RF power, wherein the second frequency tuned RF power source is

able to provid aihrrdfrequencyto nce match the firsf i dance
foad and a fBUTRRVIEE aaf@ ¢ dieoeioE e%ﬁegwfilﬁﬁgﬁgnce

| oad, wher ei efcli'ﬂal @mgéfn{a_{,ﬁgﬁ@dfwgsmgb{cgﬁ,r Shbcesfan the first, second, and
t hi rd frequency | asma wafer etching tool, as recited in claiml,

wherein the [98§9h| stTﬂlclfu'str, moatyanérfhmthmedmnmahmatchlﬁoyes&ﬂ elcl@, 1ldaré i r st
etch gas che t he seco as Lt one e, ot her of
the first ett¢ f°e’f1de°rﬁf8?5 ggﬂg éﬂln?ﬁf hS%° g:‘i‘iﬂ{)‘h f less

t han 2005ms.fr ashﬁnédRF@W@fs@irc@tml D@BHQQ'andﬁﬁalbﬁPintlﬁQFIaﬁmany of cl ai ns

1-2, wherein t e plasma chanber further conprises a substrate sup ort for
supporting ProesEREwhaRber k2, The) firstysecondand thirdymgchanical baxesH fp

b0, d
d tark f
e ng ¢ ool S Rbreei ey mid L UEIcEN b b BbRRRle road cHiEaBUBRIT, 10 "
spaced apar tqdnﬂdly\elmmgﬂga-cal_panﬁ‘herefma, thnthventiei wsed ﬁequumpp tinindprovided byl asma

waf er etchin ooI as reci.ted in claim4,__wherein |nt |ors of the
confi nement Y% §‘Efg ugﬁﬁib‘BP?ngrﬁ’B“’Eﬁ%ﬂ%%ﬁs #ii@the pl asma

zone. §oTh Wekigély ‘i‘ﬁzﬁéﬂﬂﬂq&%ﬂ E(Eﬁ’lcéﬂf @Xoﬁarﬁiltgégfstl S5,

wherein theﬁfr rst frequency t uned ce and the secon requency
tuned RF pomordomtbéuﬁmhmmomtphrbom lﬂﬁebﬂbﬂrb@'m&c Bnpesianee affth¢ ess

than 1 Miz. AQ 7.Th f t t | f clains
16 whor o ArtiegRe SHERRT fRevDhy Bired Btk spudts 16 108y, 1Y 00c°
passage and [@)70§ CONSinga theAEmROConARIN Boved © Mtch@efy fapflFBeriean cation with

a first gas |line;
deposmon and shaping (etch), there are several hardware features which have to work

15  together. The gas volume must be small to reduce gas transition time in the processing
chamber. This is achieved by making the plasma volume as small as possible using
confinement rings. Also, the RF generators have to be able to rapidly tune in to the
rapidly varying plasma conditions. This is achieved by using electronically frequency
tuned generators rather than conventional mechanical match units, For best critical
20  dimension control (CD) and uniformity control main gases are split and the ratio of
center to edge gas flows are selectable. Finally, a tuning gas is needed which can be
the same or different from the main gases and can be fed in a selectable flow to the
edge or center of the wafer. So, combination of all the aforementioned hardware
constitutes the overall performance desired for applied processes put forth in this
25 document.
[06071] While this invention has been described in terms of several preferred
embodiments, there are alterations, permutations, and substitute equivalents, which
fall within the scope of this invention. It should also be noted that there are many
alternative ways of implementing the methods and apparatuses of the present

30 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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a third gas passage and a fourth gas passage adapted to be in fluid

comuni cation 15 with a second gas line, the first and third gas passages
bei ng adapted to supply gas to the vacuum chanber, and the second and
fourth gas passages being adapted to supply gas to a by-pass line; a first
fast swi tchigiga ?cq%& ged along the first gas passage; a
second fast sw |ng val ve arranged al ong the second gas passage; 20a
third fast &w t ciplgsmeaiafer achingigell cahpriving he t hi rd gas passage; a fourth
fast switching val ve arranged along the fourth gas passage; the first and
fourth fast sw telplasmae@hehantiee wild) agdapiaednfimenientAing evithi agrodinse 4md abpen whi | e
t he second %q third fast switching valves are closed so that the first
etch gas ch ﬁ??fl?ﬁleﬂo uppl i ed to the vacuum chanber via the first gas |ine

and the first and thij.rd 25 sa ond ga is sypplied to
the by-pass |ine? 3?%31?'1‘13“ 3%‘ g‘f‘ﬁ'@gér‘i{?tt"w gg% 31&659061 f 28%s

passages; aWferein the gﬁ%mﬂ s?mln b dubsthmfally Spldce Bhaaftﬁ@mseacﬁ)gasng adapt ed
to receive signals to open Whl the first and fourth fast sw tching val ves

are cl osed dwmisigtandihe s¢ ep@seamﬂeuveaﬂb@oithn@f\rheﬁﬁw@mmer via the
second gas lhfsANgl dftﬁaese&&idfgqs &?%a?ggflg@athﬁ]?Qtvhﬁréﬁa%}st S&:ﬁ@

chem stry is sgglledtotheb- rst gas |
second gas fomsehigdhe plastvezque sromethedifst etch gedvhenpistry prqvides atfastllchﬂance cl al m 7,

wherel th e a first flow
restri ct or elo%ﬁ:[dd\gﬁ%r%h%é%%%? ?\aé%%?a onbr} @‘gglagmng?ncsién F‘%S""“S%f‘sr eam of the
first and spromrlek 4 sebdndsivdpeddnice pad diffeesit than the first :mpedaae@mﬁdt flow restrictor
adapted to be arranged al ong the second gas |line upstreamof the third and
fourth fast sw tafiistfiequehoatnedRINpoveerRoirbe for ipfeidiggpbvees tothd af le@tone
restrictor Sel&qr%dg glaeP %td ﬁéq%enrzz?rl rgrggaelf(r)]r f%nnmg a plasma in the plasma etch chamber

wherein the first frequency tuned RF power source is able to receive reflected RF power

16  and tune an output RF frequency to minimize the reflected RF power, wherein the first
frequency tuned RF power source is able to provide a first frequency to impedance match
the first impedance load and a second frequency to impedance match the second

impedance load, wherein the first frequency is different than the second frequency; and

a second frequency tuned RF power source for providing power to the plasma

20  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, 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

25  impedance load, wherein the fourth frequency is different than the first, second, and third
frequency.

2. The plasma wafer etching tool, as recited in claim 1, wherein the gas distribution
system can substantially replace the first etch gas chemistry or the second gas in the
plasma zone with the other of the first etch gas chemistry or the second gas within a

30  period of less than 200 ms.
3. The plasma wafer etching tool, as recited in any of claims 1-2, wherein the plasma

chamber further comprises:
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approxi mately constant gas pressure in a region of the first and second gas
| i nes upstream of and proxinmate the first and second flow restrictors. 9.
The plasna wafer etching tool, as recited in claim8, wherein the first gas
| ine has a volune between the first flowrestrictor and the first and

second fast sw tgh . Bam he second

gas line has a vg%ﬂn%a%ee%l enﬁEﬂéD%gecgﬁi#%ﬁﬁgg{eﬁangr an ’?ﬁtél third and

fourth fast sw t alchmgberadp/spacaifaphst dass thaad cab fiom the subsBate #@ppoithe pl asma

waf er etching to s recited.in any of .clainms 1 furt her .wherein the

Gas di st r 1 bdci on 106 oBER? FaRE REpo e 3te e H Bint s Sorehf omBistl

restrictor ashlet@nt ihgd epazed aprgctsbtidennie dHatbéi top tnd)adspas sgpert15 downst ream
rth flow restrict adapt ed

of the first fast_ sw tching valve; .a.fo o)

to be ar anéed althﬁé\iafIH%W E6H §é@1ﬁ3§%§é%‘gm1’ﬁ‘€‘§m’%ﬁtﬂ?§%féé%nd f ast
SWi t chi ng Vahnfiement rings, the fubkfrite Elpport! Slichhfib& o akFiik Ak flsni%0as.r anged
along the third %ﬁ: @gqslsage downstreamof the third fast switching val ve;
and 20a si xPh f| dl¢ plesms wafepetching grobops resited inggny Hf glagms ] -dwhareis thedist h gas

passage do @lmﬂﬁ f2AG the SUd gf&isglgeng l\%€d RF Wiggiq the
third, fourt ,l{eﬁl ft éda%gﬁg{iv%{#ﬁggv&rgst ro}hcto S afle adaptpggerto rrgﬁérl\l%ai n an
appr oxi mat ethg ootpntRE fitcqurasy pyversiganges df lesathandiMHz.of the first, second, third

and fo h gas passages. upstream of .and proxi mate the spect.ive first,
cecond. 14 ni fa. 1 o oy VRRHEGREE oL P Vol oy P WS ot 01 1o
waf er et chi digtribotidn systemrcofipiiees: i n any of clains 7-10, further conprising a
controller which i_s operable tp control the opening and clpsing of the
first, second, thiirtessISagemide sesend exipeng mgb@mﬂcmdownquavam
waf er et chi wghh &t eadBnes €Cited in any of clains 7-11, wherein the first, 30
second, third and FOUI’tFl fast sw tching val ves can be opened and/or cl osed
within a period dthindgaspassags anéadeurthogss passageradapted tochsi i iflgigl comepupicgtion 13,
The bl agTa Wif 85ecthd Bhdlthe! @8'irst 834 11581chC0hsbdhe@AinPAdabled ' Bupblylehs 1d k! NET
conprising a gas di stribution nenber Kaving an | nher  zone out er zone,
whi ch ar e fvaswarh gbanber.cund ftheoseceulcand dourthy gas passagels beipk adaptedtaSapplegasiio ag
tool, as rel%}-ﬁa%gliﬁen claim 13, wherein the gas distribution

a first fast switching valve arranged along the first gas passage;
a second fast switching valve arranged along the second gas passage;
20 a third fast switching valve arranged along the third gas passage;
a fourth fast switching valve arranged along the fourth gas passage;
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 etch gas
chemistry is supplied to the vacuum chamber via the first gas line and the first and third
25  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
30  the first etch gas chemistry is supplied to the by-pass line via the first gas line and the
second gas passage.
8. The plasma wafer etching tool, as recited in claim 7, wherein the gas distribution

system further comprises:
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system conprises: a gas supply system which provides the first etch gas
chem stry and the second gas; 5a flow control systemin fluid comunication
with the gas supply system which splits a flow of the first etch gas
chem stry into an inner zone flow of the first etch gas chem stry and an

outer zone fl ow fLL et cheni st d ich. splits aflow of
t he second gas i%%‘(r)stt gﬁwir%\sr?zértorzaggn@egﬁ%bﬁ aﬁn%%eal%nggg%g%g%agqlgﬁgp ?ﬂ?a‘&ﬁfer zone
fl ow of thethedrsanadd grond famcbwihing whlvediamd section, which is in fluid
connecti on between thcf fl ow contr.ol c?téﬁ;t em an he i nner zone and outer
zone of the gas GFEPRY oY Forichuduned tbhs aangedialpng the segend 895 fige westreng

swi t ches flmmémmdfmrfage@gcmgﬁmsgas di stri bution menber between the
i nner zagne flow of the first etch gas chem stry and the inner zone of the

second ghas and whBereinthe it and;speand Hlgwarsstrictors asgndapied fo maIBIR 8 t he out er
zone of they@asilhaly doRdtdt YBENG LS f the
first etch gas chem&sctry a%gklgrﬁsgﬁgr}?gr&e%e flowh%‘d%tgﬁglhsgéggﬁeéugg%aﬂi 15.
The pl asna eland proxim#e thy firggind sepond Bewrestridqterscl ai m 14, further conprising a
by- pass |ige, L0t L1 chi £ |.i.ches e hL.nner zone
T ow or i ¢ o ag‘gage‘i#éﬁéﬂf%?ﬁt%ﬁﬁéédﬁﬁﬁ%ﬁgb‘;ﬁﬂe&%‘ﬁﬁ%ﬂe‘%{;%aéé‘ﬁﬁﬁ as, the
out er zone 4 vaumebetivhen the fisst flowabstifatar adq thehing Sitlrsycond fight svnieching vwlvez ofie f | ow
of the,second gas.to thesby-pass line. .. 16. Th | asma waf er etching tool,
as 1 oci'oq PR Earsabhp s o A Seerad i ine B venehe BRI ESR (e tonss BB | of ng
a tuni ng gagstfierof &Rl théthird dhdl foteh FaE bwichidgOvahies bERSY th@Ngbonf 10 e’ first etch
gas chem st rOy i(r;_ﬁ]er zone flow or first etch gas chem stry outer zone fl ow
ow

after the f} etplasma; afr egahang tgolsastretpddn any qfclaimgs i 9, vhereindier zone
flow of thempb bfkibuBbE ys@ASfudRerBRPHSST Y and the outer zone flow of the
first etch gas chemstry. 17. A plasma processing apparatus, conprising:

a pl asma pr oces ¢ thiyd 8pwfesttictonadppted fogbearangsdalingsbe Bisbgaspostegassenbl y

havi ng4khe 4 . interior volune of about 1/2 liter
15 g;o%eagi;%%{ tl‘a%t%%%mﬁg dargl)

to 4 liter ution Systémin fluid communication with the
i nner and out er afdouwrtlsflow restrictor adapted to be arranged along the second gas passage

downstream of the second fast switching valve;
a fifih flow restrictor adapted to be arranged along the third gas passage
downstream of the third fast switching valve; and
20 a sixth flow restrictor adapted to be arranged along the fourth gas passage
downstream of the fourth fast switching valve;
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
25  and sixth flow restrictors.
11. The plasma wafer etching tool, as recited in any of claims 7-10, further
comprising a controller which is operable to control the opening and closing of the first,
second, third and fourth fast switching valves.
12. The plasma wafer etching tool, as recited in any of claims 7-11, wherein the first,
30  second, third and fourth fast switching valves can be opened and/or closed within a period
of less than about 100 ms after receiving a signal.
13. The plasma wafer etching tool, as recited in any of claims 1-12, further
comprising a gas distribution member having an inner zone and outer zone, which are
flow insulated from each other.
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30 of the showerhead el ectrode assenbly, wherein the gas distribution
system bei ng operable to substantially replace a first process gas or a
second process gas in the plasma confinenent zone with the other of the
first process gas or the second process gas within a period of |ess than
about 1 s, $RMI ikl Pldimy wafer etchifls AP oS HRRLY inWERE, wHOLGIPLAYARRLRC
first process gas a the*second praocess gas, eréin the rst process gas
provi des a fystest compasdance | oad and the second process gas provides a
second i npedance_|l oad different..fromthe.fixst inmpedance |oad: a fl.ow
control  system i RER PRy U WSt PRV ik o grch B RRRRy S Bieaoontni on 5
splits a flga;,of the first process gas into an inner zone flow of the first
procességas and aarouter zone tlgw of the first. process s and i ch

f1 ow of 2f

splits W coptre) aptep gt Hud cgmmunicaipnwith the gpas SUBRY systeRy BRick he

second pr oCgsits HASw aNghe st Rtth s dHRAfsth iAWY a8findel SorbSTRNSE (RS REE&SHh gAS: and a
switching section, which is in fluid connection between the fl ow control

system 10 ahsmisiey 4ndgaouteppenedloy of thedirsyefpgasichemistryand whish splissie flow ofrenber
and wher ei bt Sl NG b | i of the
gas distri Bﬁ%?gcr?ﬁ%%ﬁgiro et me%é\&%@\?itr\tgggég%dn falh g\}a\]} g‘?eﬁzﬁggp f’%g)trl}alﬁr ocess
gas and t hesecombgaszamde of the second process gas and wherein the switching
sectio witches flow.to the outer .zone, of th s distrd buti nber
botveer % he. out of “SEHHE R, PHichls FHLE SppletBu Baen B op Sonfth SR e
flow of 15 dndehcmaandnpamibeis zgasof the fdsrdidtribution uehibyr, andetlerein thower sour ce

for providin pwer 1o the plasma _pr.ocessin aratus in a first frequency
range wher eTH? S @QFW#F’EE@%& tlfedmzﬁ?%(ﬁﬁg&s Ltﬂ“@_oil g’eﬁ%%belt‘ﬁe‘?necei ve
refl ected RbeR@dEsone Mdwldfiie: M AH fid LhéRfisty SRLUAS el AnBbNMhEk&ohdBay €f | ect ed
RE power, wherein the first frequency tuned RE power source is 20 able to

provi de a fandtherqinthgswitghingsqcHoytries few ththe puter zans of thegaydisteibutitad and a
second q&r eqy vaim??{% g o RERSE | RS HRVSE rein the
first fEjeque%{cl38/éfi]:'ts3 I e?)gl{r%’t9 ?%zﬂn t%e seco%gpgarsequeng?/; %{rlllg%qwr% second

f requency tflavedf tREsqeondgassour ce for providi ng power to the plasma

processi ng @pparatus..in . a.second freguency .range i de of .the first
frequency r%ﬁge pj\ﬁrenra evfarﬁé rte}icg"%etg{())lha rﬁ‘geél%ﬁjégn g%%ﬁe%eﬁﬁonagnv\%mrg E%@Grce is
abl e to reqgmbylene ehéreintthelsviiichirpwestichnibotswitehed thetinhgrubndFow bEMHE G ¥ich O

mnimze the reflected .RE power,. wherejn the second_,freqye t uned RE
power  sour &S e, BiedniErgoRe Al the Srond €36, B oRiCAPY oV b ARSI RER h ¢ he

first popecdhnafeyOad (i ¢htd ZoRINGW of e dstRn ¥as B thdWeskadke. mat ch the second
i npedance | oad, wherein the fourth frequency is different than the first,

second, 30 1&nd tTHemipsmagepiernetchingteolmasaesited dhelaist bb adwrainthg Jewrcantial, as

recited in I Rtk : 2 loh S - ] I he

swi t chi ng sS %:tté?lon aergodiér}/éﬁ?gé es E gssél’cﬁ%ee?n ?%ﬁecg%ﬁ%gv&%@eﬁt hégﬁﬁl?g?th%r ocess

gas, the i dogretchgasclpimistheinsgconailepy ocfistetgagss chimisty ovter zawdlo ater of t he

[l rot Pr 008 gRSrudtik bR RHiRhidS S B 8L P -SRRVLARORSPSPER Lo the
25  chemistry and the outer zone flow of the first etch gas chemistry.

17. 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 ' liter to 4 liters;
the gas distribution system in fluid communication with the inner and outer zones
30  ofthe showerhead electrode assembly, wherein the gas distribution system being operable
to substantially replace a first process gas or a second process gas in the plasma
confinement zone with the other of the first process gas or the second process gas within a

period of less than about 1 s, comprising:
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19. The plasma processing apparatus, as recited in any of clains 17-18,
wherein the flow control system further conprising a tuning gas source in
fluid connection to at | east one of the first process gas inner zone flow
or first process gas outer zone flow after the flow of the first process

as is split int ' fir C t he
outer zone 11 ow SPERPY e el b VgR ek Wi bk off SERAS 130 B0
appar at us, g, whereihekk first @royesogasqiravides alfitstlifipeddnes Pad atidhe sédond pfocesguency

tuned RF power source is .able to proyide first_frequency tq inpedance
match a fir&° Ny aﬁsfé’nﬂéf&aed&P°ea1%5‘f§e§g&n€%?‘ﬂé‘& W&H%F%&C%/Ma& process gas
and a second fr egfeweyntidl siide dofga comihicaticositinge igaao@ég?qgstk@,aﬂhieﬁ a

pl asma formed fromthe 10 second plasme gas, wherein the first frequency is

differem t¥Pht aflow obthe fisst prosesseas IRt aHInhFTZprRs How REths SE REOCEssSEan aMbaR t uned

RE pover  souft&8ohS ek e tHeFirR pRite: a@aﬁ%ﬁﬂh%;{lﬁﬂh‘ﬁﬂ@bfhﬁ seiRRdRRER ARt ch the
first inpedance |l oad and a fourth Trequency to i npedance matCch the second

i npedance | ipteckn ipkes zemerflavhef the agcond proeeps @atandiay oyfer penredinw efitheisacoed £ r st ,
second, andpr;)gjsg f&%quency. 15 21. A method of processing a sem conduct or
structure i'n a pfasna processing chanber, conprising: a) supplying a
first process gasswitthimgtshetion| which isindmébainnertioh hetiveen thiaiflowr cbntrelrsystexg a

second ,proce as to a b SS- i t he.pl.asma processing ch er

Cont ai rlPng dus ey rane # oLkt pans dhthe e HRgS menPe ab BRESRIR, and o
patterned reiching $€:tioR SWitche floito thel ififer lza¢edt the gas distdibution elefiibed begwédne fir st
process gas, to produ%e a first plasm w’é%a first inmpedance | oad and (i)

et ching at theiasr zope pwof thedirst pregess gaggnd thganner poneraf the sgepnd N5RACHE deposi t

on the maskind wherein the switShing §BAMERAYAELIWE e bliteSlonEer BIRWRE diS@Bhich (0 a
first frequency to match the 25 first i npedance | oad; d) frequency

tuning a sdeapker Retwsemide oytsnrens foy of thefishproeqse gereand pheiutérapanilow Rén t he
0% ARt he Tt [ pedence [osd | e) swiehin e
i's supplied inta firsfrqguesysuned Riepmien gouwrbafob providing v tethe plagma he 30f i r st
PrOCeSS 035 QiR TR b Beqldify b nB AT B oSl o 2Nt & 1Y
power source is able to receive reflected RF power and tune an output RF frequency to
minimize the reflected RF power, wherein the first frequency tuned RF power source is
20  able to provide a first frequency to impedance match the first impedance load and a
second frequency to impedance match the second impedance load, wherein the first
frequency is different than the second frequency; and
a second frequency tuned RF power source for providing power to the plasma
processing apparatus in a second frequency range outside of the first frequency range
25  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, 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,
30  and third frequency.
18.  The plasma processing apparatus, as recited in claim 17, 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.
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pl asma confi nenent zone of the plasma processing chanber by the second
process gas within a period of |ess than about 1 s; 27 Oenergizing the
second process gas to produce a second plasnma with a second i npedance | oad
different fromthe first inpedance load and (iii) etching the at |east one

feature in e | ' ; ' 2 | ; and the
mask; frequttlaér:'cy ?ﬁ%ﬁlﬁgﬁ g é]ﬂgx%sfljrlg? %3\%&%@5& ?@a%l&fﬁ?'rlgbﬁl%g%gﬁ%y

di f f erent S5flowanntrdlgydtém ditrthencbnyerisingdh thnieg) gasrsoies in fluidetmiectidretoneastd

i mpedance | oad; h) frequency tuning.the second RE power spurce to a
fobrth f reqiitybe i mPisst BRI eone TR0 SrtrsGReSRRE SHiF e P £ BBt o5t o
mat ch the sAewodtheMadaness dadadplit into the inheSathné QbW tHelRstiprodsss @k ahdie fir st
and secqnd process gases so that the first process gas is supplied into the
pl asma OCE‘§§P§‘F§Z‘E¥? eRf thefIskPraFssesdsi ng t he second 10 process gas to the

by-pass |ing thehsHeMpBERGRS SprdftusPR B8ited R alyPoYdlAink Y7I10PhRESH theh the
pl asma confinement zone of the pllasma processi ng chanber by the first
process gasiitif frequeney tesd Rigpoyer|sewrse isiable tapwyiden figst fepquency peimpedands) - i ) a
plurality o ' | t . 0, Lted in
Gl ai m 21 el TEsfnbalb0at Bl A fmed i e R pRRENR n AEER °0
ms. 23. Thizequendydd impsilaneechdtetda savomdynpeflarck dadwof 2 plazida fodmed diom thee pol yner

SeD05! 1] bohTFn s R G ot M RO L O
met hod, as whetih @tk defordfieqénce niiedRFhbweBsoukdd it isle tcpropide & gl fredfismdyl tti ng
A Tl ow of 1 B pedanee Bateh o Tirdl Impadance 155d And & tourth Requendy to Jhpedancs match 2"
the second impedance load, wherein the fourth frequency is different than the first,
second, and third frequency.
15 21. A method of processing a semiconductor structure in a plasma processing
chamber, comprising:
a) supplying a first process gas 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
20  mask overlying the layer;
b) energizing the first process gas to produce a first plasma with a first
impedance load and (i) etching at least one feature in the layer or (ii) forming a polymer
deposit on the mask;
c) frequency tuning a first RF power source to a first frequency to match the
25  first impedance load;
d) frequency tuning a second RF power source to a second frequency
different than the first frequency to match the first impedance load,
e} switching the flows of the first and second process gases so that the
second process gas is supplied into the plasma processing chamber while diverting the
30  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;
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flow, wherein the supplying the first process gas into the plasnma
processi ng chanber provides the inner zone flow to an inner zone of the
processi ng chanber and the outer zone flow to an outer zone of the
processi ng chanber. 25. The nethod, as recited in claim24, further

conpri sing provi @' ng %nér&igmé%%%éoﬂ prgc%ssg‘%as tf ﬁr%\%lvuc%rﬁ eﬁ dtdqﬁn{a'uérﬂ% nggegglsow

of the first proCess gas ou er firs
wher ei n t hesdcond ng:egaﬁ:ellmdmiﬂ‘etmetbnaﬂ]b&stmhpe(hmel Ibad agl (i) etchingfthoay of t he
first proc as 26, The nethad of an | ai.ms 21- 25, erein the
1ret bl aoniresoon Bamrn 2 the e vy R R wher dopfy Srafeisernd etk ond
pl asma forms thegylepogequenty tubfhglthy/ st Rﬂﬁoﬁré}%{)&ee @S third tfRquéep aiffetent

repairing striatirons in the mask., 27. The method of any of clains 21-26,

wher ei n tbapg@rmswﬁﬁmeﬁ@ﬁﬁu%lﬁy%%ﬂwémﬁ%weda'eﬁ?d?a 1/2 liter to

about 4 Ilters. h) E@ueﬁ gmecmmeﬁa&&qoareveo&fM eﬁ§y21 27,
wherein: the first Iayer he nmask is a UV-resi st nask;

the first pdﬁ@@gsthgaﬂwcfuﬁpmg@sa@d third figaeengies oaRgch the smdang@ﬁm&d@lad; he
first plasm etcfes t g]@%

m xture of CH3F, Bargo%gltéhﬁy ?%%3 tpgﬁgsg an @{dqﬁg&gse d"%qﬁgsrm orms t he
pol ymer deppmcess gas it h@phe&tmxr éte@laﬂma pmcmlg chﬂﬁbéﬂvdnlemh\remhg thessecemd t ed i n
any of ai s erein th enc tun e f - source
r0” ot ke Phedt ety RISHRSTIDS fae FRAdPAHcA hade PSERbRTheeoh B oncy
tuni ng the pladed conBingfwe rzthH@pthha?prdeHsﬁdg tHaabeERE the fidst FRiceds gaie second

| npedance | oad, use .a rratchbox to Ugartlally match the first inpedance | oad

and third 1@@&}9&?&5% legsdbanabqui 5% @d equency tuning to provide a final
match of the firgt i|nRpdang®)-heastudld o aaRE With MRAUIBARE. | oad.

22. The method, as recited in claim 21, wherein the periods of less than about 1 s is

15  less than 200 ms.
23. The method, as recited in any of claims 21-22, wherein the polymer deposit is

formed to a maximum thickness of less than about 100 angstroms after repeating a)-i) a
plurality of times with the substrate.
24. The method, as recited in any of claims 21-23, further comprising:

20 splitting a flow of the first process gas into an inner zone flow and an outer zone
flow, wherein the supplying the first process gas into the plasma processing chamber
provides the inner zone flow to an inner zone of the processing chamber and the outer
zone flow to an outer zone of the processing chamber.

25.  The method, as recited in claim 24, further comprising providing a tuning gas to

25  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.

26.  The method of any of claims 21-25, 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

30  mask, the deposit repairing striations in the mask.

27.  The method of any of claims 21-26, wherein the plasma confinement zone has a
volume of about ¥: liter to about 4 liters.
28. The method, as recited in any of claims 21-27, wherein:

the first layer is of Si0Os;
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the mask is a UV-resist mask;

the first process gas comprises a mixture of C4Fg, O, and argon and the first
plasma etches the layer; and

the second process gas comprises a mixture of CH;F, argon, and optionally O; and
the second plasma forms the polymer deposit on the feature and the mask.
29, The method, as recited in any of claims 21-28, wherein the frequency tuning the
first RF power source to a first frequency to match the first impedance load, and the
frequency tuning the first RF power source to a third frequency to match the second
impedance load use a matchbox to partially match the first impedance load and third
impedance load and use frequency tuning to provide a final match of the first impedance

load and second impedance load.
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