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GAS SW TCHI NG SECTI ON | NCLUDI NG VALVES HAVI NGDI FFERENT

FLOW COEFFI Cl ENTS FOR GAS DI STRI BUTI ON SYSTEM
WGB2AOKERGRIND Sem conduct or structures are proceBGEUS1007/000035

pl asma processi ng apparatuses including a plasna

processi ng chanber, a gas source that supplies process

gas into the chanber, and an energy source that

produces plasnma fromthe process gas. Sen conduct or

structures are processed in such apparatuses by

techni ques including dry etching processes, deposition
GA O SYEEECHING SECTION INCALUDRNG VAENIES HAVINGUIFFERENT

Vapor st orsHIERENS For’ R P RIBEAIERE sy e
sem conductor materials and resist stripping
processes. Different process ases are used for these

processi ng techni ques, BACKS ys\“ﬁroces& ng different

mat ekigliSorRilicRE NIt QN Q&é)% roetdsb@ i pRSma PHIYERYg Apgiastuses
di stribution system operable to supply sel ected gases

inchiding aplasmaanasiseing chamhend gas sPsmings rswésémgcess gas mto

: th%%%%e{ Ia'gﬁsaﬁgng g%fs%grc@hﬁa&ﬁ%&éce@ dsht: £5aMhOPrddass gas.

conposi eposi ti owygas conposi tions,
SEmiedidnent stredtutel ergprocelised i jappargjuses Ry Fehpiqugsincluding

o3 AN g 1, AL
(cvl)t)hphyusmm uapahizpbstiony driplasna-siientedehdanpidalofappr deposition

ref rab e_dane L
CRCY P st ot AT ehndE S el dR e Sypopine
phdtetabl Diffeat pfocesstdiees gaslsecsﬁimh@ﬁbmdctdmng seahhiquis as well
gas di stribution system.can. VI de seI ected gas
af praggssing dittsgenidgnaifs ‘?1éP§ﬁ‘im‘§§§ WHESREYTEY and/ or f1 ow
rates, to different zones of the interior of the
vacuum chanber. An enbodi ment of a gas switching
section for a gas distri RHWMARYstem for suppl ying

proc ‘%%ﬁga‘%ﬁ&hﬁé‘% &ef Eaﬁéﬁﬁé@slf@@% 4s8s to a vacuum

provi rs first das assage adapt ed
chamber, such ds4 nlaemmmneeeng ehamlpqrhlsmrﬂvﬁsﬂ &Be 2pses éalahe

eEc ‘ieriéj %%S@gngﬂgo%%%h%r apb RS ER&oAdEnts of the

wdcrmunl atl wth the first
ggaeh skiilmeicansy s@rblyavedass das ﬁmtclamglcasablha@ﬁ, thapplycliqygng the

I t h f I
s¥ftgbdonangs U7 tshich SRR AR SRR Kt TR haRitr
wi&ime shantipegiod of itinst Gdsoawitchédd ¢ani ppeferakiy healoge g\oth@ut the

o{ggét{x'gfﬂ\{eﬁé} %gldg Ea%lle\(;ﬁr&g%x?% tg?%érs Stg\ggﬁ agba ntiLSS A gas. Some
embodiments of the gas distribution system can provide selected gas flows,
including different gas chemistries and/or flow rates, to different zones of the
interior of the vacuum chamber.

An embodiment of a gas switching section for a gas distribution system for
supplying process gas to a plasma processing chamber is provided, which comprises
a first gas passage adapted to be in fluid communication with a first gas line and the
plasma processing chamber; a second gas passage adapted to be in fluid
communication with the first gas line and a by-pass line; a first fast switching valve
along the first gas passage operable to open and close the first gas passage, the first

fast switching valve having a first flow coefficient; and a second fast switching
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passage, the second fast sw tching valve having a
second flow coefficient different than the first fl ow

weo@swsent such that an inlet pressure of theCct/usED7/000035

fast switching valve is substantially equal to an
inlet pressure of the second fast sw tching val ve when
gas flowis switched fromthe first gas passage to the
second gas passage by closing the first fast sw tching
val ve and opening the second fast sw tching valve, or
fromthe second gas passage to the first gas passage
by cI05|n t he second gas passage and openlng t he

fyaleg algag Qe SAPRIEIRSOPEFADYTIOrRRAR 39 %t@agecond gas

Sﬁﬂs§a“g@ N S86Hd 2Rt Iﬁ&a&%@évéh%hg Q%Eé:&ﬂi ﬁd@tcggﬁﬂcc%nt different
ying gas to a a processi ng chanbe

i tﬁé’ll? thei frrgt ovga‘@eéﬁ cs@rrtusueh ﬂ@hawmreﬁaw eigthe §ﬁ%tefﬁ5téﬁdt0hlng
13%38?1 gh eftaftd Arﬁwwt %?ééh@x‘e%‘%tﬂé QR8¢ Q?/ﬂ@l‘imgslalve

provi as sw tching system conprises a

gekepgassioye ma\amtasﬂ fram blge first gampafosagmmuhe sabnd iganpadsage by

?lg 15?% egﬁ%a h{ﬁg ﬁ@lﬂné Q?lﬁ/gggi? aégrﬂg%?tgecéeeggfl s&ﬁwﬁ%kgpg valve, or

afrsrache siecgad g]aasassgge adaptﬁesi gae phssaga by IcLUs(hg the second gas

ormurég1 g} SL} first gas line and a by-pdss

| Fazetecd pCHI"&a 6(5 SYB* 58Pt ed to be in fluid

commu nAnagieﬁ BmWoghmalt DEdRNths gmﬁgin@&eaﬂﬁ? fdmhgze @disttibution

zone of the gas distribhution nmenber; a fourth gas

p%’§‘§21;&"’§885 8e 8 e HQ?F“H RFCGeSBIERST § ‘%M% k &the

&ﬂ&ﬂbdtlgﬁﬁidnhtﬂﬁ h@ﬁﬁllgtdéﬁtepﬁndp 20188 whicH 4rkttibv@ARulated from
passage adapted tao be in ui d communi cation with a

t93CR Qthpads proyides qThergas éyﬁﬁbmgzswem GnaprigeR adlst gas passage
%55@9% %@aﬂtﬂ%@d E@mleﬁniaan&l. Witdh aCﬁmngéu Gl érﬁf‘t}ﬁ\%"ehge L8% of the

as |line and y pass [ 1 ne, sevent
pﬁé%@%@@p@@dﬂhﬁo 066le| mamwr@?cwmmagmermwm gas passage
pasé‘ggéga é% s Bl 2 B0 G AARE e bl B ERA S33 -pass line; 2
fthird igas gassafzé adapdedita Hmemtﬂmqb aemrﬂunmmlohlwm a aeuwbndexe hide and

chi val v n fir nd second gas X
A€ b L b it Bl Bt it BBl IRRREE sl o be n
i Buid perminkdcttowéh thmd:cohd)ga litkeearfd ths bygsss nas,sza@ﬁh gas

and havi.n fir flow coefficient e .sec

SR 4Btk b ke AR B n T Birh 21 S O ad The center

senend sigds gRAsRegR a'aaﬁtehas ba irs iGN brhmeWica0&t HithitBOthird gas
he first flow coefficient such_ that an

Lffe t . than

mee%ndptﬂs?maés jpeiaseventhgas passpes afantef] tobs mthud; s
Sdﬂmhaﬂfbhﬁ&)ﬂ Wit Rurth@ag fink ﬁh@th&!d%%%%@ & elglhﬁ fg%@ eafdge
fast switching.valve when gas flowis switch

ta¢arted,ig e dn “b%%%‘ﬁ@’émtcé“f’% é/l@letés ﬁalrshgasdasesaa@eth@ py-pass line;
fﬁx@f@lﬁcﬁ&c&?& @zﬂ.‘d s@i’t@hlﬂ@iﬁ%? aloRglthefifdt il s@RdRAS pAYSges

third and fourt
respectively, the ﬁrst fast switching valve is operable to open and close the first gas

passage and having a first flow coefficient, the second fast switching valve is
operable to open and close the second gas passage and has a second flow coefficient
different than the first flow coefficient such that an inlet pressure of the first fast
switching valve is substantially equal to an inlet pressure of the second fast
switching valve when gas flow is switched from the first gas passage to the second
gas passage or from the second gas passage to the first gas passage; third and fourth

fast switching valves along the third and fourth gas passages, respectively, the third
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fast switching valves along the third and fourth gas
passages, respectively, the thirdfast sw tching val ve

WO 20000815860 e to open and close the third gas peCHFE§®07/000035

and has a third flow coefficient, the fourth fast
switching valve is operable to open and cl ose the
fourth gas passage and has a fourth flow coefficient
different than the third flow coefficient such that an
inlet pressure of the third fast swtching valve is
substantially equal to an inIet pressure of the fourth

st _swi.t chi val ve wWis switched from
tﬁ%t S(“HW ‘éf’g DEQpemb Frg?é* % thathiphgasqnpesage and has a
fmﬁmﬂdvecdemeireht gﬁ@f&@ﬁﬁ@gw@ht@%ﬁ% fs%peﬁa%lé)ﬁﬁ&ﬁﬁ%m close
dhg%gﬁﬂ?d si xth fast smntchlng val ves a fif

HSPRSSIReSeElges 2 frwdh dew %ﬁ@ﬁlentrfbffg yent ﬁlanabq thlrd flow
SobetfediemtGuyR k4R ah %I@We%‘r@of Qe WiEH fa@[‘ gwﬁ!:k??? v%ﬁ% is

first gas passage and has a fifth flow coe ci ent
tesapsially ¢aued tosam indetinvessyer afdhe Sousthefastivatahinppalne sben gas

AS B Sikerid dln IR HARARE BEAC ] R Byl Eh il Pl or g the
sfqurth gpgpassagy ol the third SM@S@’B fiftb ahil fsbdth st switching valves
Y} IS .equ i nl.et . )
ST B S BB PR e o s v s
fdmwhlstoswetn(ﬂmdcblésedh? tfine gﬁ?] fmd?.amahhcmm&ﬂ@ﬁh flow Ek&:fﬁ%ient, the
i t t to t
o PR T AR .
sa/mmrﬂmg cuefifieitmt dlfstgnttthien e EH Nowdefid@ttRu8fthat an inlet
[ veI t he seventh fast switching

&2?%@ €s tbﬁ%‘?‘i‘&fa%t S, %vaéypdlsép stantiglly equabia an g}é@ pressure of
phs Sx&tgﬁfaamivﬂ&ﬂﬂn@vﬂ@ﬁ WHell ghb AWWCRSHitchiERbm ﬁ]@@'iﬁi folnls Hﬁssage

fast switching valve is _operable to open and close 't

&P it §ixYc8as passagg or Sromn AeSTHh 2as pfsaes fodlie Eder gasqiassage; and
detdrih 8Rd eiéﬁﬂ{‘fdshﬁvﬁéﬁﬁé‘ bﬁvgiﬁh\é{ng Rd Je'vgﬁtﬁrbhdségglnh %ﬂ)assages

an inlet pressure of the ast switc
irespeatheslvthe seysptis fash Bthdnagm vilye és Omﬁre@s to eper atdelose the

: r@gﬁ]ﬁl’ti ad gzgs%eé%ﬁéﬁﬂswse\é%tﬁqlowgﬁfﬂé%n l?%elglslt t Sngcgung

gas passage to As54
d’lﬂlvferléu ﬁP@Iﬁbleefpgllpleh agd slgsagwagighth@as lpessaga end hagszelghth flow

gﬁﬁ:gé?rt dﬁfé}@ﬁmg h e RLOGRSRIY ncgoeé} 1ﬁ1§ %Wcﬂgﬁw inet gregsure of

strate 1n a asma processi ng
§h®wghﬂnd‘aslt sehednmg)dadve Imdubshaﬂ@alt}eﬂhﬁl t(ﬁznduﬁ&%es%ﬁfwf the

SEvaHOHlsE e ile SRR A HasHow B SpIEhER oot B apveath gs passage

zoteseiglithtgas paksage oh éath the @idhtlp tg& ﬁ&@@gﬁt}bﬁhé‘\'}@é\}eﬂth gas passage.
as to ass-1l1ne

di vert] rocess

whor o 4 At S A0St s Pttt ubdriam pigsms processing
&Bmlbamﬂiﬂ\ﬁmﬁﬁng WleBdwathead aeb&&aacﬁﬂxdg%%&er%a e'dgéf @bnes is

and %ﬂp ed resi st mask overlyingt | ayer;

Bred Oﬂé‘%’e‘fffl of dhgmethed ceniririsss absfup@bsag gafgstandcess gas
to )he&ieﬁf@r ﬁﬁd dligd BaRds TRIR: glﬁ%yﬁ&d'erhmﬁe L 8Y5Tb19 Wilile (}wertmg a
form ng a polyner deposit on

second process gas to a by-pass-line, where the plasma processing chamber contains
a semiconductor substrate including at least one layer and a patterned resist mask
overlying the layer; b) producing a first plasma from a first process gas and (i)
etching at least one feature in the layer or (ii) forming a polymer deposit on the
mask; ¢) switching the flows of the first and second process gases so that the second

process gas is supplied to the center and edge zones of the showerhead electrode
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mask; c) switching the flows of the first and second
process gases so that the second process gas is

waapplodwes t 0 t he center and edge zones of the PCT/US2007/000035

shower head el ectrodeassenbly while the first process

gas is diverted to the by-pass line; d) producing a

second plasma fromthe second process gas and (iii)
etching the at |east one feature in the layer or (iv)

form ng a polymer deposit on the |ayer and the mask;

e) switching the floms of the first and second process
gases, so t t irst proce as is supplied nto .

SRS St he EOR St BB St ths PRIy o producing a

SREANTHIREMAE 8BS BReSetshd c@s\é -gaaasd (it Sbchﬂig‘ihf: ht least one feature
repeati ng %A ﬁ% a plurality of times with the

dnishe layeeor QVIfRTAME oPolyarT Aepasitpadhe lgver and fresaatk: 6k

fswmmggﬁe FoShsTdrIE HRR afd §é&ﬁmfp95ce§y g@éey 5Ot HERAR process gas
as to a plasma processing charnber 1S provi ded.

Aﬁ sepplisdiinterthe plasmiadrogaskiog Cb@m’pim whide émean@ thg second process

S S YA PO P o O g

I i ne aAdmtthed pf mkmgpr gsevgichingdeantye fqr aegasahgnbgtlm system for

SR80 Ee Dbed Uen b6 s Biha BB Bt BmBE R ANCIES RRET 2
@sbddlmentarfdhanbthnmnﬂ)msree arrangingdjfirst ﬂaﬁtgsvatdmmgt'alve along a

flow coeffici irst fast. switch

L) e s ey e o b e F o RatipR0es Wik A s line and the
sHeadipioasdsiHattbeRthniiigitty S42Bnd fat swhehihy Rf%lveadl&l a second
second flow coefficients are different from each

HrSiPRFBge plapsed fodbsin fyid cpommaynication wigh ff@lﬁrﬁbg%mﬂﬁeaﬂ@ by-

%5&|§§ hﬁ‘é‘tdnalaki%sﬁﬂg' alf rEtoﬂéW cb@fiﬁien@ E)Fﬁz%l—ﬂ‘@t 25t §v@1@c}§§§ 95]% and/or
fast switching val ve enag low is swtched

tasusting arseeend How caglicient of @wemfaghwmgagelvs rsuch | that the

T
sfarst fashmyitahingvalie drsubstentialy W@htmdi frnéettprcﬂsuee off tfas fmond fast
Sgg@&g?’% %Y)ﬁ?’?% 34z {ltotlrats s%tgfleeJ fr e %glé? gassﬁge to Hl% second

em can USG

i dals passage os franpthe fsecoreldzas rpasmhgmthecﬁrsit &3 (gasage.
distribution system FIG 3 depicts a preferred

enbodi ment of a gas supply section of the gas
di stri but iBRlEFyDIESﬂ:RHP'BON OED‘IHE DRAWING FIGURES

enbodi t. of a fl cont section of fhe ga
G st ri B 08 ~geyeil Vet & ey etedenhict ere
e3TB Otiitig MppAans tB&preried Rk daR&tts 6Nthefgak lgstaBStion system can
cL I st r| but [ on system
e used with
FIG. 2 illustrates a preferred embodiment of the gas distribution system.
FIG. 3 depicts a preferred embodiment of a gas supply section of the gas
distribution system.
FIG. 4 depicts a preferred embodiment of a flow control section of the gas
distribution system.
FIG. 5 depicts a first preferred embodiment of a gas switching section of the
gas distribution system.
FIG. 6 depicts a second preferred embodiment of the gas switching section of

the gas distribution system:.
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FIG 6 depicts a second preferred enbodi nent of the
gas switching section of the gas distribution

W@ y@resn6BETAI LED DESCRI PTI ON Pl asnma pr ocessi ngPCT/US2007/000035

appar atuses for processing sem conductor material s,
such as sem conductor devices fornmed on sem conduct or
substrates, e.g., silicon wafers, include a plasm
processi ng chanber and a gas distribution systemthat
suppl i es process gas into the plasnma processing
chanber. The gas distribution systemcan distribute
gas to a single region (or zone) or to nmultiple
regions (or zones) across the surface of a substrate

during plasnma procepETAILEDDESERIPTIONIUL i On system
can |nclude flow controllers to control the flowratio

of t hePlagnpPcesiEGanpagatuses dpr processingiepssandugtoraratenals, such
ta8 §ex§ﬁ:‘5§d9~’5togﬁé\f1€é's%fm&9§n %rﬁchﬁ&uCt&ostlg?a&Q LS., silicon wafers,

thereby allow ng I n-process adjustnent
aetlndea plasrmaeeessing champenangfa gassdistributiom dysjem that supplies

e [

SRS 0w oL 0ot ST 0l con

tdaﬁtabsue B9k &0 2 simglesrpgiver(pr keneiey thmutigse regides (oo zones) across the
.ol e € YSLEITE
BN ST R AR B 2Rl B can
hﬂl’n{lut_j}ﬁﬂowmtﬂ]ipnsllénsm@ caitdﬂahe_: flber g6 of Ithdmm&n%xbeesslga@ oedifferent
in a shor time. as distributjon .

SyhsthereSitabe ate POATeRHIER: RO fo/ ironghaherby allowing
GppesEt AdjasSnnEbDicrdsBbERite Qﬁalﬁ)ﬂnﬁ% e gAdAbw dnd s
pr ef err ed enbodi nent, the gas distribution systemis

S09FPEEPo be in fluid communication with an interior

of a VARKMIPhGHAMPRLzorRUeh dasiriButibASY¥RnkY Q6381148 improved flow
chanber of a plasma processing apparatus, and provide

cRBirekas-AaMnared t9ra SnBistAPNA §YHEms Bmea bedesirehlerfogreyide such
adhiple- iR s%t@i’ﬂs hahfsh ﬁﬂiﬁeé%ﬁ-re\’@ﬁﬁ? T T %ﬂo@&sm&
processi ng oper at 1 ons. asima processi ng par at us
oafrahens i winclidhe ga%/commum atwler thy ges finwglandendianged within a

@h@ﬁ n[)ggﬂl&re i ncludi ng an energy source that uses RF
m crowave energy, magnetic fields, or the |ike

t o pr o@llgaed;strdsmmn skrstemeis anplided fdnsupmgh@kﬁfferdny gas
pl asma. can ransj{grmer oupl ed . pl as
BoRBEEET paLePBP R o Frl e IR PR Baamait TRe sas
dintpbetibrpdyasaiim s zziaptedrite bafin ﬂhﬁi:dédrﬂﬁhuﬁi}b@hﬁﬁ @th an interior of a
resonance LECR%gEIaSWa reactor, ca aC|t|v? type
AREHA FEmpEa Syt as Eoplage Proceasingsy processing
appaiafissandiglovRIEnpg béﬁbﬁl&y ofF sﬁﬂﬁyﬁl@sdlﬁb&hf b dHeAMstries and/or
system can be used with
gas flow rates to the vacuum chamber during processing operations. The plasma
processing apparatus can be a low-density, medium-density or high-density plasma
reactor including an energy source that uses RF energy, microwave energy,
magnetic fields, or the like to produce plasma. For example, the high-density
plasma can be produced in a transformer coupled plasma (TCP™) reactor, also
known as an inductively coupled plasma reactor, an electron-cyclotron resonance
(ECR) plasma reactor, a capacitive-type discharge reactor, or the like. Exemplary
plasma reactors that embodiments of the gas distribution system can be used with

include Exelan™ plasma reactors, such as the 2300 Excelan™ plasma reactor,

available from Lam Research Corporation, located in Fremont, California. During
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i nclude Exelan(tnm) plasma reactors, such as the 2300
Excel an(tnm) plasma reactor, available from Lam

wRe@aaswBe Cor poration, |located in Frenont, CalP€DURL087/000035

Duri ngpl asma etching processes, mnultiple frequencies

can be applied to a substrate support incorporating an

el ectrode and an el ectrostatic chuck. Alternatively,

i n dual frequency plasma reactors, different

frequencies can be applied to the substrate support

and an el ectrode, such as a showerhead el ectrode,

spaced fromthe substrate so as .to define a plasma

cRIRERS el besRaRes PP aiuBia e ki Aevrge suppor

dirmbfpobaﬂngJih slysit®1® BdanSlyloytadic ichhisit. Aﬁ&rﬂaﬂ‘&&yt fh€dual-
terior a vacuun1&g anber, such as

a pla
p TELSY B SE‘T?a‘i’?B‘étPrs gitterent dicqyereissan lzﬁamcfi it fhie substrate

ZQIppSrt dddeinedledttadedduch 888 khowEPRh& E1c’RHdE @ggce%ioﬁ]&n e Eubstrate
gas dld%gjbutlon nmenber adj acent to an exXposed surface

o?o 3§ o fisdne A Rlayep sAekitionasgien. The center and edge
zones ar Gref@tt Pddibo Rt th@%ﬁjs ﬁgﬁ{b%'hﬁg ls¥stbinQ%n su%%ly a first gas

i nsul ated, from each othe "asma” process
cRimiherinteTigs ofayaelium f:hlmqrowcbyvsta@iamprocessmg chamber, via a

ST AR L 5 BRSO 5 B R o
Thetrﬁr)ntlpamembar@dmmttte ahexposedduetaseronNa eaistrate 10idelprodessed.

V. r the |like a eferre di nent
VR ARy ot bl 4 Efing ool G irahg Aeupmiated, from
gashicgher idithd plasni pprcestmsclgmtber FUhe @48 Hﬁhﬁsutfdﬁ%yﬁﬂeﬁﬁéan
as, chem str posi tion

8y it e R s & o T GRS rorRcuum

gamntbee by laky 1i06. TRPBPphdsAihedan HENBTuEd Eb!mmm?cagﬁﬁ with.a
di stribution s%/st em can sinmul taneously provid

dYACPBMERHMR .o tho like ding Rpferiadembsrdimeat, the Sxst g@tslstad'lrst process
the a68MheLecdnd gﬁggsea difafeRit f&%&e&s \ﬁ‘)lr%xa?ﬁﬁi ngl tiﬂ'@t { gas can be

second gas is verted to he bypass |ine,
\Ay &gh gﬁgzclaﬁlww PRgerRsitioptgas ﬁbexgss@efs and thetrectryd mn be a

| dif¥erent BRAYRS QK@H}nsR-g ggem&ﬁ?ﬁ E%oéqj thg The aé’saé\’ g'ttnbutlon

chanber can be achi S erio
Tstegneanysigulianenusbrproyiste aliff¢nant anmlbdnftwhraugs afali¢ fies gas to

t h

il 005 0L SOLGR A1 5 CTRER ey o e

wpplme,cbtﬁmemverm eBy dWeﬂ‘ingaonmﬁ.lihmgamit’O efie by phss line, change
e or e ZO

s a.sin
Ot BERR s RhPS B R stontheS cf oo iy vitkin ashor
smplpldwftthﬁe fi rst gas to the center and edge zones
whi |l e e se as is div ed to the b ass |ine,
and t htﬂ © & ‘é %Hﬂgn é%ée"a F%“ﬁ?é%&ﬁlfﬂ@&ﬁi%‘%?q% thataflgpt gas
pevitchthg)lor ghgrehshge bhéd ird bﬁl(ﬁ'ﬁ?&%ﬂ 8PEmb St fir8thdddecond

t he centF and edge zgnes while the first gas is
HB25%Y §upglied to an interior of a vacuum chamber that includes a single zone or

multiple zones. For multiple-zone systems, the gas distribution system can supply

the first gas to the center and edge zones 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 center and edge zones while the first gas is diverted
to the by-pass line. The gas distribution system can alternately supply the first and
second gases into the interior of the vacuum chamber, each for a desired period of

time to allow quick change over between different processing operations that use
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to the by-pass |line. The gas distribution system can
alternately supply the first and second gases into the

WO pa02/081886 of t he vacuum chanmber, each for a deRCT/E82007/000035

period of tinme to allow quick change over between
di fferent processing operations that usedifferent gas
chem stries, e.g., alternating steps of a nethod of
processi ng a sem conductor device. In a preferred
enbodi nent, the nethod steps can be different etch
steps, e.g., pulsed et chi ng and deposition steps a
Lﬁfter etc such as a main etch, and

fereny gas,e PSS G nelierpabingssiens of@ theihog ox perceRsing a
ssbﬁneorﬂucﬁ)tr ABvRE S Ph 2PFIE TSI BB bBncAERRS MekiRIll $EfRRan Bk different
different material deposition steps that deposit
fitelr deRsh € Sveliidsadzatching eyl deppgitionrssens, a faster gighestep,sueh as a
SHRAE %d 9 eﬁh@el?%ﬁm%r%[ fh é?ééi s{?éh §s>’§ﬁ 8 e?chvﬁéé}% &ln step
a gas conp con d region mn hin a Vacuu
dmdmbeaterxp} éé;msatﬂnyst@, of éﬂﬂeramtemdmpbsmon steps drat Ideposxt
r out) by anot her gas
égﬁ%%@Fﬁl ené% Iﬁo us%Bsgglnto t he vacuum chanber within
a S hor]n qapnef@tbcbémbodmenﬁlfdhe gasdisejbusioangstem, a volume of a gas

e in |less than .about

RoF oS Prp aEp s Frbicn Bluh b et Rty = plasma
p{]mﬁndnnegt mﬂeyﬁm llit.ﬁx\éprageca(lfea,&luﬁﬁw babi lmn@&?a lpht tdnipddition
t.he gas .di stribution system,  The pl asng inenen
Spfrediced pighe YAGREn (RATIRRE VGHhIBRS Pﬁwnpﬁtog fimey SH5dges

4eblla&&h§ntf;ﬁéfe?aﬂl’i' 3B AIHAGRATH s EAHRIut i & more preferably
processi n% 200 M or 300 nm wafers. The plasna
e

cBitripdessdhen 2k 208 mgp By RETvidiag va{ves havimga st switching

C&E&m rﬁg@aﬁmbﬁmn el SHe}igGnd eommaﬁk Yo have a
Pat ent whi ch 'i's hereby

i g6 yppun@bebay V7 lites foahout #diters ioremplam@apmﬁsmg thamber for

HRBLEE 00T R AGIERN e MhntEL Sl il 330 an be

dlegined bytai S(baclsg&toaﬁndrﬁéhtaiirgsbmch% dlisaladed i hemmonly—owned U.S.
ar.at u yacuum c h

AR RS S R0 R R eSS SRPETRY rtrs R ST apigety-

subst rBi® Isdgppes tn tﬁemﬂlavjﬁs&ﬁlcm@lﬂhﬁtmw‘eﬁaﬂﬁam&a processing

SiRRarts T e e o u R Rl B FaBudn SRRy bepsed with

enfecd;fp@adt@st 1@c@xhpﬁgesh&;acu&mcdnameﬂsﬁpla&hs pkétesdiagBhdrhieer 12

strate 16 on the substrate support 14 durin
3%8&%} HErioffeniiug R AHEStRalE SURBOR, A LIHISH FIH beigpigd s is

réu[‘lﬁértéﬁ‘d\ﬁﬂg F6iRa ptat@Ssingl DR @h&ﬁh&%besﬁ IQrmélhB@s" a clampmg
parts, such as parts di scl osed i n comonl Y- owned

levisst pwﬁiﬂabbfa&q %?PWF?I“F&BP% AS:ghickyss rzmelple@tzgm the substrate
WY G thleSSubSteRE REPEREE n%}o@é(ssf efk?enéh%sfr{i]te Ich® be surrounded

entirety. Inapreferrede odi ne  asma
tho@ég%pﬁgs anemhedege rings ngieuad gxtgns:ons 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.

In a preferred embodiment, the plasma processing chamber 12 includes a
plasma confinement zone having a volume of about ' liter to about 4 liters,
preferably about 1 liter to about 3 liters, for processing 200 mm or 300 mm wafers.
For example, the plasma processing chamber 12 can include a confinement ring

arrangement, such as disclosed in commonly-owned U.S. Patent No. 5,534,751, to
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pl asma confi nenent zone having a vol une of about Vz
liter to about 4 liters, preferably about 1 liter to

w@bwawsBss i ters, for processing 200 mm or 300 POT/US2007/000035

waf ers. For exanple, the plasma processing chanber 12

can include a confinenent ring arrangenent, such as

di scl osed in commonl y-owned U.S. Patent No. 5,534,75

1, todefine the plasna confinenment zone. The gas

di stribution system can replace such a volune of gas

in the plasma confinenent zone with another gas within
d of |ess.than about erab&inless

e BB GORER It AOaE. L Sts Mg slstamy g gsplace such a

T\hﬂ?umé) of paeieht prsshaidnSitGaR Aolnewltﬂ Bﬁwtﬁér'-%ag within 2 period of
nlcatlonfromthe pl asma vol une to portions of

{Ife thip abqus oPrefeably dass thambahois 2AQ sk Aritheut gubstansial back
aiffuslbh S THE cOhfiddifelt rASHEN A éé'ﬁqlml-{lﬂ?e ﬁbﬁ)@%ﬁﬁnﬂ@tl&f%om the

i nclude a base material, such as a silicon warer
iHewranyelimedo pategnssif the intariarioglthe plasm procssgeg chamber 12 that

pdrrgggtgﬁﬁq,ﬁﬁe smﬁ%ﬂﬁg over the base material; and a

maski ng | ayer” over t internedi ate | ayer. The
i nt er bkl silb@trafaylérmanwobeieca‘ bage ouatelialf suwoh,asdi dlient wafer; an

qltlterc'rﬁg&ﬁ%rl%)z&t 'f\éemar&%t il t'haexls It%FeRg%SéEslge fr gaig:z e gover(%he: base

terne ot ores; st
peategalnafida netskingrigydesier te iheahudiat, lagerg. Thiatetediate layer

s,.angd/ or nch in the internmedi ate | ayer and/ or
S aF SR B deReF. e ot Sndciun B Enal Fhs fasane laver
addibtipattedned piiotosesidt eI Gak i@, anbpRh 8 pdteer® for etchmg desired
sfe conductive materjals between the base | ayer
%]uﬁgsﬁ,(gﬂ bo{ea,ygps A RERERSRgS-dn theniaterpsdiate layer and/or one or

mws&u@e@é URY bR taR RAna0dd Q&dlﬁéﬁﬁ 188 b Bbnductive,
g:eéectl ary dielectric materials that can be processe

Fig or é&;gg}gﬁpgucta@gg@tegalp ibetyreenythelbaseslayer anel the masking layer,
fdepOUdiR@bE ﬁ]est'ybh of Qerﬂ H&uctadoR el]%n‘f‘kh ofi QFe Béiedrgaterlal

such as silicon dioxi e spl n-on gl ass

gl assé%?ﬁenﬁdﬁié’cﬁl@llecmrd@pedlﬂtm ccam be prodessen % fibe pxangle, doped
u 0 ilkco

glﬁfea:%g &Qﬁcllec Qun%]t %‘raﬁlu E’ngen é)ﬁge, Jin n%?pegl soﬁxc%%lg% sych as

§diceotde®uﬂe,\sairuen g&ss,hnhh@ glaksrespdomﬂeirlml-@opkdﬁhermal silicon

OAPE 1 oA O B RBEISH R U . ot

«;am pela lowilt Aateuia hﬁﬁﬁgstsel&cteﬂﬂd YGe NS LA el e h e llhaterxals can
niitrides, suc Stl aniumnnitride; and netal

| |
Bupeh ot Sserbapefive e dbeh suprfiponalupeceon: metls,

anch andlviianiheoppes Itiﬂﬁnuﬁhﬁm@&@@hafé‘lﬁd%ﬁﬁ Hd thelr alloys;
1 includes a_-

es&gg ﬁp@gr at us éo shown jn_Fl
h‘li'aé A BRm gHride AsENstaksilicides. suehippbitaniym sitiside,
hdsanBilngd@an@idolidehb@ slicdgsm chamber, and a

shower head 22 attached to the support. dol ate. A baffle
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 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
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assenbly is | ocated between the showerhead 22 and the
support plate 20 to uniformy distribute process gas

w0 200d/08m8ksi de 28 of the shower head. The baf f | RCT/US2007/000035

assenbly can include one or nore baffle plates. In the
enbodi nent, the .baffle assenbly includes baffle

pl ates 30A, 30B and 30C. Open pl enuns 48A, 48B and 48C
are defined between the baffle plates 30A, 30B and

30C; and between the baffl eplate 30C and shower head

22. The baffle plates 30A, 30B and 30C and shower head

22 include thro rofl

bl 20m a0 Ay PP BE RAT s O g SRR ARG AP 0 spwerhead

bhenaaiogic pasdi@s deeﬂlkbkmn RYVERE ghd Bttt iate?dr dfglasma

the baffle ate 30A and the plenuns 48A, 48B and 48C

PEQGREBNE ?%ﬂbﬁflf?r e plates 30A, 30B and 30C are divided

into gy @&r‘érﬁso&ﬁ{eﬁt e ﬁréquﬁrbe@wg& e %té @o R¥d $8&ba¥fle plate 30A

38A, 38B, 38C and 38D, such as rln? The center

206 theqplerurds 48tye4 55 ard 48C i ern tha ppitlepiaiss 304s 30Bamd 30C are
f Vv 0

Pﬁgg\/&gg& é gﬁtg{‘%or{eeczg%g%f&dén ?edr%% ?%ﬁrﬂé’ %fs%%fbg% R8C and 38D,

puaf a@biqgsu Adhe rcenien zowd 42>an®edgm¢qnsl446man5@($upﬂaed p®cess gas

21 1‘?1 ( elfeﬁto oy e%tl%g %taas Izrgggrhe%%rnd/%rj %%tgnﬂ%g IQ glstrlbutlon

gﬁﬁemdm)pl yreﬂe&abhytmldanc@nml lofi oohanlhﬁi 5004 aGamnid sh;b]ﬂred from an

into the edge zon The proces flows t h

R S8 Saply L e Sz 8R1 et Sambliog O n edee

zB88e RURHhesrintd af Bfintlat ¢hanhel 443t #1di thén Ofto tHbeec@eaz&ﬁa 46. The
chanber 12. The proces as i s_ener

DrRGsst B DS RS oS TR bR Loh aiea 301n g OB RHEC and

e MovrrRANE? SUhEFthe SHeRoAST BB PRlsnROpo6& sy dHaRfber 12. The
el ectrode 22,- or a power source _driving an el ectrode

iPFOGeR® 225 B sneraizeddniophe plasma stte inRthedasana prosessite ghamber 12
tbgea Wi shaAle, &%h%@%nqa? ¥&Irb§gn$€xg%l%'t; old€H8Nbr YBSwer source
conpositions are supplied into pt ocessi ng
clniymigan dlgctrosedhdhepibstratet swippor 18 rTélerRaE powendpplieddo the
ARS8 koS valIBY 18R SICER e Bl BA: BRUDRABinto the
mlm&smbm@smgmlaaﬂ)es 12, Qreferabiyelithiea amwnoralj cefdbsxrthan about 1

3 Btk Ry bR S B 0T e 1 ho gas i hj ect or

syst ermcoalﬁeripamerrad embfodgmxﬁ*s' ithe) phﬁnﬂi;ﬁ@de@ﬂﬁg apparatus 10 can
é wned U. S. | ication NP
692’51 ctqy sgstegh{%é Apre PrOSESS £3s IBEFB thq\B asma processing

%Q%b@x@@ﬁ%@a glasthd)g’dsqﬂjecf‘@ syﬁe&]&nlﬁ% aanﬁJgﬁatlon as disclosed
Patent No. 6, 270,862, each of whi i S nczgporat

i cemmasly-pened Lhe Patent Applisatipn SP&? N0 401035 &Y . Patent

Wﬁl%fmfl&ﬁpul% NG %370@7@8&@ rg.st PadenBNBPE B 1P)195.85SU $2Patent No.
eren zones of
6,270,862, each of which is mcorporated herein by reference in its entirety. The gas

injector system can include injectors that supply process gas to different zones of a
plasma processing chamber.

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 section 400 in fluid communication with each other. The gas distribution

system 100 preferably also includes a controller 500 (FIG. 1), which is connected in
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pl asma processing chanber. FIG 2 shows a preferred
enbodi nent in which the gas distribution system 100

WO p@l708is86 a gas supply section 200, a fl ow conP€DIUS2007/000035

section 300, and a gas switching section 400 in fluid
conmuni cation with each other. The gas distribution
system 100 preferably also includes a controller 500
(FIG 1), which is connected incontrol communi cation
to control operation of the gas supply section 200,
fl ow control section 300 and gas sw tching section

400, I n the stribution.s t he S

Sopiel SerteiinBtonls anirol ppARySH P i suopty SEettitag. fow
fdohrbl fdtdlof 800BAd PEPSAEhiIgRSREont400! he fl ow control
section 300 via respective first and second gas |ines

235, 2wghe gavdistriution fystewc R thyaans suerly spetinn 200 can supply

dilfféx%megsseg QBR g hitPasd @é&herpr&&%s gl&w tmﬁ@ﬁomaﬁh%ﬁg&non
ot her | ow control section IS 0p er ab

AGRt vid FespRetivel Tk ank %CO%ﬁanqu@r?vél p45. APhafirs aa«éi }sq;@nd gases
the hlﬁgggﬁ?éréﬁt%mg\%lttx‘gﬁ% %ﬁ&/@f‘ a@ﬁé»@%%? ﬁimféﬁx beher.

suppl i to the secCt1on
cont r oFhe#ewicontrg@ciam3pP optsatde td eondrod thid ﬂ»wvrratleeand

%;2‘;%8511)? Qﬁ{)nt(? L 'uStSthQ Eo;&i}gg&{lbﬁ Sotf cﬁlﬂgreﬁfa a%ng tl-%gg léiizgupphed to

€ SW Ject 1 on Vi@ gas passages
amjs@ﬁahmg @eqtmecmpe Gitievldvy cotrolaediidr 801 canhsrofldewliffateat flow

and/ ar ag and/ or, second gas.. .
TREe B LERR s e i hos SR sBRSLP iy A Spgon 400 via
(p0k IpﬁssagéEBZH, |396 afd 364 368, veptatvely byaddassh, thd@owate and/or
|c can conmmuni cati on wit
SIS SBE ST con EhYal SHBPd.een Bt (A BBINBLIR b RIpeine processing

fcﬁuﬂllbbfl 02 PWRDY tHedthdi@ad i di0EREd tdf BY-pAReineSIdt VhidO&® Bkin fluid
and the edge zone 46. Accordingly, the flow control

%mm%cw WHh apReNITE pUEPInG BEbtyRsUrh 858efaN drtuhepump and
S ks ﬂ%f?ig‘n?'[ﬁl%ﬁ%ﬁﬂ B atf’f@eﬁc%% H{eaée‘ﬁtel'goniﬁf E\ﬁ@i’hee&%% nohe9e.

rocessing uniformt
dresordipgly ﬂw f?sq»@p@mﬁq!@@cthrh@%m prioividlg dgelmd gas AQes ad/or gas

%ﬂ@mhgl mogvvﬁé chbshhmd e r:%}t §ﬁhat%§i§1§| ﬁagwﬁg{ﬂ@g%g?g

gas wthin a short period of
gasformitiye repl aced by the second gas in a single zone

or mul ltnI tﬂla ggszc? Vﬁilsoluggfé |g¥n§ r%xn%ocﬁ%ts%lt es(eég Eﬁo 1sr(me§?ble to

edge zone aneousl’y
gagtchdrérh ¢hdiirspgasstoltheigscond gab edthiea sbort ﬁh@o@ﬁﬁtlme to allow the

tchln seGti 0 pref.erabl a
§h B Be b ey 62 SR H o s st BRI s, o . the
Ld:ﬁd’ee Ebﬂeb#k apd &resvdge zGIhH %Snlﬁ[&imfrluql‘ﬂhd:dmst}&ht'éﬂtihgﬁﬁe fifst gas to
dFe flow f ei t her I f desir

, the gas .
by PRk (5 OF Y8 aifigo T 2eS Rt Riie et iar ARk RrAferaltly an switch
Genstdithe SRSUAAIsEaindRkeNWithbet tht @¥euradnge 8f undesirable pressure

surges and flow instabilities in the flow of either gas. If desired, the gas distribution
system 100 can maintain a substantially constant sequential volumetric flow rate of
the first and second gases through the plasma processing chamber 12.

FIG. 3 shows a preferred embodiment of the gas supply section 200 of the
gas distribution system 100. The gas supply section 200 depicted in FIG. 3 is
described in commonly-owned U.S. Application Pub. No. 2005/0241763, which is
incorporated herein by reference in its entirety. The gas supply section 200 is

preferably connecte(_i to the controller 500 to control operation of flow control
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the first and second gases through the plasma
processi ng chanber 12. FIG 3 shows a preferred

weredvoasrsent of the gas supply section 200 of tPET/YaE07/000035

di stribution system 100. The gas supply section 200
depicted in FIG 3 is described in commonly-owned U. S.
Application Pub. No. 2005/0241763, which is
i ncorporated herein by reference inits entirety. The
gas supply section 200 is preferably connected to the
controller 500 to control operation of flow
cont r ol conpo ents such .as val ves and

i 3

| y
OB S, DR VAR diL Bt SHEnib 4liaHp Sentrol H thy composition

tof@walor Hd1e gdasaBatidaatbeGapplal Syihel dat dupdly sB&idAR00. In the
supply section 200. In the_ enbodi ment, the g su 2/
Soodimenty the gas|syrRly srefian 2ingludes muliinls gzsgourzwéo 204,

28, 2893102202, ﬁl?andéjlﬁ & i mefﬁﬁh cgﬁirﬁlgnéﬂmfnl Wit the first

communication with the first gas |ine 235 and

a8 bing 2éé§nmtlfrﬁssegn5d easling 24D, An éucgash%gq@wpplyes@ptil@hmo can

AL BITR0) KShRl b A eh e 12
skherrpesbermdigasieelirces mhkudgém thie s dtntmbuirostteani (10013 riog limited

gg tan% pd c% Qe Pﬁ ggst §o%?ce]%r b} tp'}%) erabgy( fl%?udeﬁ tay geggtstwO different

erabl'y inc es a
s soeses. Thike gassupphpdegtise 200 om R@lideanoienbiudelesdthan the eight

2 efbstRDd IR e R e CF RN 0 A e e Rnlitpe

supplyysestei 200 caDihchale twdCihuets fbuDfive, ek awel vy sixtdehy s more
mor e gas sour

ten, twelv t een, s. The .

B2F FRYIEHY: ﬁsgé ?{’étgaﬁeéﬁh?fé’aﬁrbﬁ\ﬂrﬂ\é‘ée%§ytﬂPf’ereF%%ﬁS'éfEtg?% gources

Qﬂcﬁu&@ G EAuAINEse §uélﬂ£’s‘ o, Q’Liahz1‘3@5eﬁ2 asd el 18&, & wellfas gaseous
d N and the |ike, as well as gaseous

fﬂq%?@é%?rbmﬁ/ahﬂw@phwres@r@ﬁy gPoearnds sednsdube $HaE asd the like.
Qﬁ o€ prefidl e%@d;nlf@ntl thg lashi3 &B@es@%xg %é{n%gr is an etch %hamber

mbodi nent, the plasna ocessin I's an et
@hd rmﬁegawrme?oéa’&sl 63@969931}’2@2 QﬂBTzdéh CHpTKu, STz @Rl CH:F

S GiEhfin S0 suibdefe ol theflih, TR p il dadeb Buillicd by thg

bgspeheve gwlmeséoga‘sl 6san rbrceaelesza baséd om thetxk:s&edi paicesk that is

t%g %? ﬁg&gfmg d%? r éc%%g\%ch?awt gr 1%, egg a fc%{arxl%gy etching

padtdr(i:mdtamzltqlcﬂepoﬁtloh pﬁlg:e@mdflw gaﬁash@plyeﬂecﬁ@rpm gé.roﬁlrovxde broad
roc . The,.gas s ecti can proyvi de

BErRaTR reEp il e R el PR 20 e sl s pErBn g ctching

w@cpﬂsmchnfdw rpgefiglr depogjtioh @Md&gs$r ocesses an d/or

mat er i 0Si gas, su section

200 pr D HSpPLY] 5P P Y REo 3y R ebiit BLitpHgng dsning gas

$6uFceo Eia_]u@dih'é%hs tHRpesitiof. OTﬁgﬁirhhg)Eas Jdieod, U1y, R, dASnert gas,
can be, e. g an 1 nert as, sucn_as argon, or a

SR B3 FEOg Rt 2 EFAEHvEEASaSHaM A0 upBERDER of fliorohydrocarbon gas,
fel 10CHY 4h RAERBEI B8Rt 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
tuning gas to adjust the composition of the first and/or second gas supplied to the
gas switching section 400.

In the embodiment of the gas supply section 260 shown in FIG. 3, a flow
control device 240 preferably is disposed in each of the gas passages 222, 224, 226,
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e.g., CFg. In the enbodi nent showmn in FIG 3, the gas
supply section 200 includes a first tuning gas source

wWQ1i@7ass@ second tuni ng gas source 219. As deBCT/UR®d7/000035

bel ow, the first tuning gas source 218 and second

tuni ng gas source 219 can supply tuning gas to adjust

the conposition of the first and/or second gas

supplied to the gas switching section 400. 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 assages 222, 224,.226,228, 230, 23

595, 2301 2282 T hand 23l O hSAEBTGHHORPHE zag agurces 202, 204,

SR! 56S 2%822122% a%Q%s ec%lrgl 2dPalse It %&@aﬁes 242, 244

respect i vel y, also in the gas passages
fih diued mrrmmo@apn cynth/\xtne Hirstenihigas seurae A48 ga@ thecrgeerd tuning

u r
T8 8o 215, RERRAYEH ) IR SoROHd88iced D40 are gperable to control
ctbe flaby & the geosippdied blyehd hssuciefedtdae sqases2@PbRie@dndP18, 219.
t ssoci at.e 02- 216

FEASPEh Il 2206ERpEr 5 it o Sl 0 €9

Cont r dinl the smbbE{zagnt shﬂwt‘x e FEGI®) diatven 256 h2dharenodaiéd aldng the
val ves 250, 252 are alon t he assa
R RE RS I pT A o R oY ek tas 2853187 e YRR es 250, 252
V@h%@%e%ﬁvel?%%eﬁétﬂoxbﬁoéiﬂ gﬁ fFeriBiyundpeosdrsd T()f@ﬁeﬁc&ﬁﬂ',oller 500,
preferabhg under contr ol the controller 500

AP A P S RS BRATUFRSp P dlevied 19.8he likshgs s Phardorthe
a@sond SR 1%%52@1 Cﬁ&rexﬁﬂﬁles %?%B%lgg%é 416e#52 adsBiated with one or

exanpl e, by openin ves 252 associated with _one
grotesdhe gas wr%s?-%?roumﬂ.@@e EPEAipig; yadvase2 associated with the

t(ﬁﬂ@xj JHeE 3t Y %a%%gggb%i ?g§ 956 %f@g%@(ﬁ ha §i Pb? 224 REkuRNES 1Y supplied

€ gas sourc are C I'r st gas
moxheuﬁe:t ganlibe238ppikesdse, by openihg tlst vajues Ism@sqésted with one or

Orﬂgre oﬁﬁ% ?méa ]g% %ourget h@? 4 leg (\\/aﬁlslleztgg re%i%% nﬁi\}é& es"ﬁSﬁ)hassomated

sources
twieh thenathed drg:s\(ﬁ'ltlvﬁegasﬁﬁrcﬁs 90242616 ack glokdd)s & eeo(ohh @ns mixture can

es 0 SO ar.e .closed), a _secon
BpSlod P3RS0 ST 5 ARl B e mase
2Adw rﬁéﬁ@fﬂlﬂelfglslyand/@bbﬁtugasﬁt ginbeprovidtdrasbe fitsbwas Hhe235 and
of the firs econd es can be provide
e secopd.es e BBy B o e SRergh SLLE s SOy Sgfion 200.
cont 1 Oinl £prePiesPémBOdifent, ife GRSUPPRMVe¥iSL200 ¥ opéible tdprovide
a preferred enbodi nent, the gas supply section.200 is

Foeaniisraus Bowrofithe &irst apd seqond ggsestVis kst Bas king &35 apylfhe

SREOMAARRS24, Redpbtitdly. S’frhg ﬁ?st |g'a§‘6r 3 ctoMl gms $18GRA% the
gas |ine 245, respectively. |rszhgas or the

SlesnaiDEpsessing ehasmiar 12ovhi thsw&semsaﬁur ¥eRethy thakrnass line.
| ’I?l}]ééw kz tlE’% &%h:?erci(gﬁécté@ t@%V@dﬁﬁgpﬁrﬂgt&ethQYkQa% continuously

ass i ne can be connectéd to a vacau
pllewpingdroth héthq fimst arBisegond Eangsthe gas distribution- system 100 can

achieve rapid change over of the process gas supplied into the plasma processing
chamber.

FIG. 4 shows a preferred embodiment of the flow control section 300 of the
gas distribution system 100. The flow control section 300 depicted in FIG. 4 is
described in commonly-owned U.S. Application No. 10/835,175. 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
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flow ng both of the first and second gases, the gas
di stribution- system 100 can achi eve rapi d change over

wW@pRoowlogl6ps ocess gas supplied into the plasnma pPCTESHOTIOP003S

chanber. FIG 4 shows a preferred enbodi nent of the

fl ow control section 300 of the gas distribution
system 100. The flow control section 300 depicted in
FIG 4 is described in commonly-owned U. S. Application
No. 10/835,175. The flow control section 300 includes
a first flow control section 305 in fluid

cormunl cation with the first gas line 235 fromthe gas
sUppn fluideemarniggion yrith the seendeap ligh 248 itqra the gas supply section

0! MR o tonthd1Wetti &P TN @@%db@@tovwnﬂoi ife 1366 QR ehIRSt gas
line 245 fromthe gas supply section 200. The flow
cyRPkis} todbe £eAr UG 4% goae $6, reanrckuelys Whileshq gecond gas

I
QL PBhLS B 1250 1A MEfto' BolrPUE NS E81Redi A upplicd o
dhtv egriterizone 4tZIm1dtgdgp ZoBe #6,Tespeatively owbie tlteoﬁrSt ga isalivegted to
qg Bl? §3a§s I?egégszc ! Ve%?ros ctl'lJIAn B%E lHl¥1de ow o? Hme first gas
dntsrenhlaed at thetﬂilet @s—lp&s&?ﬂ mttetoni'E@afateE eﬁtleftlfnws:«n”rmé Girst gas, and

A b dsontinl el B h ey ekl Sind spsingoguosda

(Ihé bexiontl lzastine 45 heoftivoStpaae, outleriflowe of Beaedofid ga¥. The first

ntrol ectlon I Vi est e flow of the second gas .
Y benrea Scrion 15 ity HES ah Rerond S prtheg gt 136 15 Huid
RRBhWiSatiiH Wih thd eMEeront B 258 CARE z8RS46, FBebiivay, via the
fl ow control section 305 includes first and second gas

padshinesystem 46andthe pegond Eomnenntioh section iHingkydes first and
GROdRS %a% @sa?gs 384 RHAQ fgﬂ(‘i‘ Eorf’iﬁlunfc%geﬁ %lthvfﬁle)éenfék dotd 2 and

swtch t em 400, € secon | ow contro
sdee zone %5€$H¢@Flu@lG!sVlﬁlth%$Wﬁ¢fdngmm 498s passag es

364, ?ﬁﬁa O;ijgfécrl'éﬂi' ﬂrf%n %Q«%ﬁl CSI;EPWQ fIcJ;lf ﬁ&?tnch Sec orP?OS and the

42 an ge zone respec SWTcC

errmﬂeﬂ\@ @ontrnl aacpmeﬂéﬁ nmrliucmsraaiugetrmm ﬂoxe aeshmabrst. rﬁach flow
fir t he d flow

shiiPbisr pEteEBIY 663 ARG Rie 08 s PRl 5,5 et & e mow

rrestticioed axe prefesdity btifiees. eRier flow @éstlﬁditef‘saiéétbﬂcy gdmaﬂo\a and maintain
fixed rest{l ction size for as flow t rouggag it

APARPFRRTFIELY SPEa 65 PERBRE BT § TP PELE EvpRasioggypstream of

r@@tprbLtihRtStheasitfides! Fgétsof he Wira lbvirBbmiall s@cﬁ’(ﬁh 305 and the second
[ ressure in ion of the

r oxi mat eI nst ant
3@5" %@E@@@% %§H BEHST8 yaﬂﬁuﬁ?so%(vmw 95@1 £655 P gedWo, three,
o) fivk ok sork iokFiced, | cavh pRIBABYY 1Ofld L8irRO& 2R6kstdetional

second flow control section 315 preferably includes a
Hestipien gre.¢rg+ # ddferent Gjameieqar a diffeent qregsrsectipyal agga. The

PRétBcRS §izE&ESH the s RS %e%hm%ytdaﬁ\m@&o@s Qé%foggﬁa%as of the other

cross-sectional restriction si e, .
dioztenseqf the gas Hpwipatlenf theges §1-S§émt109r$aﬂstem E¥). Theorifices are

preferably sonic orifices. The gas flows are preferably operated at the critical 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 the inlet gas pressure. As the
flow conductance of an orifice increases, the pressure drop across the orifice to
achieve a given flow rate through the orifice decreases.

In the embodiment shown in FIG. 4, the first and second flow control

sections 305, 315 each include five orifices 330, 332, 334, 336 and 338. For
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restriction sizes of the orifices are smaller than the
cross-sectional areas of the other portions of the gas

wo bewopmBh of the gas distribution system 100. PANES2007/000035

orifices are preferably sonic orifices. The gas flows
are preferably operated at the critical flowregine in
the flow control section 300 so that the flow
conductance of a given orifice is determ ned solely by
its restriction size and the inlet gas pressure. As
the flow conductance of an orifice increases, t he

press dro S o) |cetoa |ev a given . )
BB {on e rRcsaGHOT i A AT d8ve il yrestiction sizes,
R OdibAR s, DFOKE dre ant Gnehalf Hifo, fthtreé tan@ figtes %@p’&én%l@w
control sections 305, 315 each include five orif

Fxyordingly, whan gamfiow agcarsghrongh dielas tyo qrpices r3§§|aeé§38 these
SitticeSRve zﬁr}f’omﬁ%@l?ﬂﬂ: é%?é ot} cgﬁd’lﬁztd'n%l: aklfé?natlvelyﬁ yp to all four

restriction Sl zes, €e.g., di anet ers, one, one
e shaetifices330; 3&6maéé>ea1mn@¢1t<eerovrd@§bﬁenem/@lttys of the total

'%SH u&é&&' éhééﬁ}gﬂ%%?%of%ese or ﬁ%&e %rtggggmﬁ&?ﬁc@%*f theBrifice

ori |ces
@@ﬁr mmrde:t tolsypplyaliffarent tagtoslof thrfiut gasnbey and the second gas flow

AI 0 f our tRe orifices --336

o AlstRnt g 4R 1 e 2aR¥ ey Bt BPuioplrbE g 03 Sves 320
om Mumtmmnmﬁtlbﬂn vithr g'afsmramgaemts 3@6,353 Icanio38 X dotiblet e
con uctﬁnce f t e rder t

PR ofpOifte g of P et Mt <enid ene I0wsg e center

@aﬁe mz and tie ddpe 2680 46] therng rél&oarigﬂthte henfdger 6ﬂﬁees4§30 338
r ow contr ol iPeCtl on 305, valves 320 in

ﬁnéa? Py Fpvgqeniselsestipn s khbas the gamg @%&o Shaegeby
Q@&Me&ﬁe hhevaugRiticel 380338R1e8ddPihi tAS sferthne first gas
flow and the second gas flow to the center zone 42 and
t he ediyecthefranbyslimenisanynciudg gdifigrentrumbgrnioridices, e.g., a total
fitb ©PFices %ﬁ&%g%ﬁésﬂﬁwsié@n@y §éc%mi o'r:h%wtﬁﬁgwg&s the

section 315 has tRe same feature to thereb uce
mowibiple arificss BRO-388. 90 emphem@qcomi ert?ecesgammwxe the same

’%Qs({% pt%n Sgpgﬂh@%?l{ﬁtcg%gﬁ' ﬁ;ﬁ Is#&x erfib Jnfeﬁ{ %Et fl &5 o?Ethe first gas
I ces . Wo orifices,
@mdifqrcsecdw&aa suppdiesldo dineicanterf sone 42 katl thteq:ﬂg!x:ﬂmet‘l(ﬁas
rg:ﬂl t| rifl ces 330-336. For exanple, the second
mate
I'ce C havethe same restriction size as the
or i fi c‘éalsamza preﬁarahyemdamzbamdmpstrtm of kanl sfahé despectivecorifices

PaREs98% R0 B° RaCob i dRSiedBReorkl st o e Ficge. For
‘éﬁthhﬂ@ﬁe a2 theiref fovalebyiral @ch@@ 3053 gnd/psthesadid l@RWanabl section

respective orifjces _330-338 to control the fl ow of
» PR mﬁ??o“%%&ﬁ'&%i% Qgan be pproed o pllegdlovgf the first gas

%ﬁlﬂ?'s@corﬂdr%aﬁ B ohé b5tnotéd OF¥hE ARdcRe P& ERE) B3 FEA/Kle the
the second Tl ow control section
other valve 320 is opened to allow flow of the first gas and/or the second gas to the

orifice(s) 338.
In the first flow control section 305, the orifices 330-336 are in fluid

communication with the gas passage 322. The gas passage 322 is divided into the
first and second gas passages 324, 326, which are in fluid communication with the
gas switching section. A pair of valves 320 is located in the first and second gas
passages 324, 326 to control flow of the first gas flowed through one or more of the

orifices 330-336 of the first flow control section 305 to the center zone 42 and/or the
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315, one or nore of the valves 320 can be opened to
allow flow of the first gas and/or second gas to one

w@eoomosws®f the associated orifice(s) 330-336, PEUUEm®07/000035

the other valve 320 is opened to allow flow of the
first gas and/or the second gas to the orifice(s) 338.
In the first flow control section 305, the orifices
330-336 are in fluid communication with the gas
passage 322. The gas passage 322 is divided into the
first and second gas passages 324, 326, which are in

flui on with th as .swW t.chj section.
sttt oo B B 62 i BRutl pbtBen, bt p SivE e L BRie atong the
(s ppsshgayd24, 324 cad B6 ré;ﬂa@aruyrané;mgleowwfwdmm rst gas

one or of the or|fices 330-336 of

fl t
t hgwfe ﬁ"s{p‘r ?u %\%]0&6 RemHEAl S%%m - Hassonifice 338 is @pepred 3RS the gas

zbas@rgéme e edy paskapes 1dis ditidad uﬂbtg%g Badsh¥& 331, 333, which are
dgg] msnt the pair of valves 320 located along the

g%g&*w@?&n witthe fisstipad sepandogas p@ysa@e& Byl 326,
frésecionlyy gégr of PalV 4350 15 %cafté(ﬂw tﬁﬁ §5§ g t§3‘i n3%§)§r control

t he orlflce i's arran% al ong t sage

Tirw ghthedarstgasel sl theoughthel erifice 838 gaﬁlepfastsagbs;cemd das
eUNE ek

Faspaghiash B thin oAU SRR, e BhiriorH et 158 hgcpred

@longiibe ggs p2Gages 33dc 33%dan be tdp@ogdbymsglg,efauﬁ&aa,y 3B,

to contry f|r
orifi 2%’ g%é‘&{ tfﬁ)fw |rs Iseg c?ng%‘%oﬁt?aﬁ g Vﬁg g’ggésgfﬂted along
K173y il rslt and ﬂ:lcallnldegas aashsagesaﬁ@lo déérentonttdi €lopaos th@fse(v’@ikc)iv@% flowed
cate al ong..t he 33 333 can _be
TR S B0 nbr Pl cRER 190338 S ielibniis 20ng 42 3B e edee zone
f416cmt7 the ptarsrmla Beaksing cﬁdrﬁbera Iﬁ&hfa]t@fna‘t‘i@la ¥fiboddfertSthe pair of
E’ 39 gl on‘%ﬂthe first and second g assages 364
Y alpng fhegias pRssagec It 3ghsan s\xﬁda@qﬁir'wgwngle four-
wiverore of the orifices 330-336 to the center zone

42 and the edge zone 46 of the plasma processing
chanbdi the pecafd flomesqmiol §%Ct7é’lﬁ*b3d(§b therarifiae rfeBSpauarraoged along the

Ak paskagL 859 0tRd E&js ﬁgs% ijqS gR4d ?@gfﬁs%ﬁ%%gs %§§ mn which

be replaced by a single, fourway va
F‘F"ow wetcosminieatiopnvith the fisparst sefcpn@gasﬁassa;gmmﬁanm

9t 3 AaS,iP ssage 359, .

Su1F, ASiPBRR08 B0 O BREEE T oo

é@mﬁﬁhcaﬁcm gastflowedahfdugbttheaodfiex338 th t@aflrﬁlﬁmﬁ&g&‘écond gas
Lesp a

Packand o4, SBROTE b Wit @80y Rleal It 55 B i g gested

elongtthe ges:msdagﬂ§7ﬂj Mdartlfa’mpgabed b¢ aGingdle f(ﬁlr:’\i’»&r {4lve.

t he fyf ﬁgg %ﬁéondf%ﬁ@ s 364, 366, an

al tern diddaet B \V&F’U@gl ??QEO’P é@%f‘éﬂ’e"ent

pressure surges and flow instabilities in the gas flow when the gas distribution

system 100 changes the gas flowed into the plasma processing chamber 12 from the

first gas to the second gas, and vice versa.

In the embodiment shown in FIG. 4, the gas passage 242 of the first tuning
gas source 218 (FIG. 3) is arranged to supply the first tuning gas to the first gas
passage 324 and/or second gas passage 326 of the first flow control section 305 to
adjust the first gas composition. The gas passage 244 of the second tuning gas
source 219 (FIG. 3) is arranged to supply the second tuning gas to the first gas

passage 364 and/or second gas passage 366 of the second flow control section 315 to
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al ong the gas passages 372, 374 can be replaced by a
single four-way valve. The orifices 330-338 are

WO pa7oshess i n the fl ow control section 300 to pPEWER1007/000035

pressure surges and flow instabilities in the gas flow
when the gas distribution system 100 changes the gas
flowed into the plasma processing chanber 12 fromthe
first gas to the second gas, and vice versa. In the
enbodi nent shown in FIG 4, the gas passage 242 of the
first tuning gas source 218 (FIG 3) is arranged to

supply the first tunin the firs assae
3935 e 5 ond B ep R pa (g s e RS g Beser g be the
Gaffe t@hing ek 'o@ﬂlf%}&lttt@mﬂngUé‘ds the first gas

conposi t1on passage 244 of the, second_tunin

gas sofyflew gqmqlpge@c@ﬁm rreferably gaMFG ppanged along the gas
?g% 49Ny E2H o Re ﬁ&ﬁtefdl ddlg BR%aP e§§s«ag€s BFA 3@9% &8ntrol flow

gas passage 366 of the second flow contr ol
sd¢hé 5nst mlsng @asl }ntu@thetgale Pessesn 32@a324c paspedtivielonln aprpdternative

fén’ibc‘édu%gﬁﬁ, gngef,gang Mb&%z@a}?;@ﬁe&%%f]gow %%s S0 55@7,%9 can be

as or uning gases. evi’'ce
3éﬂl,acq:ﬂ‘ej'7 ersalgls fawr-WECyalve. arranged al ong the gas

passag 42 Valves. 3 are at 9]
passag%s 7°nt§%l9cF t bcec%%gt ‘?refer Cl a%%d?«‘k:g Sg?rw%fa S? mFTthe gas
q&SSag&tZZMt healgess3 Jeas a?@ﬁteﬂ%ong?ﬂlé,gas pamgés YV, B78 kan c@rnrol flow
rnat i e enbodi the pair es 320 at ed
it Setond Sutg 2as e bie fsd Pobilus Jop. 104, Bopcialriy h 4t
sauaﬁia&wefe@wmmymv EHeV;ﬁlr oA vhlvew300nbdaitd slovp tie: @dassages 376,
preferably an arrangedgﬁl ong the gas passage

WA caudae\feglas%b&fiélqg&eéwd@r Y€t he gas passages

376, 3EBthk@nbdAineht ISk coh@orReass 300 @hds\gn GABIG.M, @he first
t he gas passages 366, 364, respectively

aﬁlqvaé cRRlrplaectian 3B Aththe seprndflew centrvlasevegn 35D inchedethg same
%g@nteng Q@%%Q%%@Z@nf%]rﬁtx&ﬁn}ﬁ%&gp'1@8&1@r B féred
sl n our - | ow

valve. Int mbodi ment "of the f
caonbodimestsaifithe gmstsllbum systgrn ¢00gthetflyst dnidrsseord Bow control

CS%Q{“S% 3(?;?15 11 ﬁgée @Elgretnlg 901‘?& 81?&1(33 LJK?}% aﬂfé%rﬁlcanﬁ%uratlons

section sane onpone S arran
tfiremsank ottenf Fguexampde,. théiﬁvﬂwed ,se¢<mdcﬂ¢m lcomraifxcmw 305, 315

enbadi of the s ri butjo st en 1

R Do AR CEEbnEr Bty e Ao B es i thfferchlstriction
haxes febrhfeaciebthet, OB&O&’)@ﬂipfke alnglfiest and Eécﬁmdrﬂow control sections 3035,
configurations fromeach other. For exanple, the first

aﬂg; @d&%&‘dﬂ“&v‘e‘&ﬁi‘?‘ﬂg 88%¢€ti ons 305, 315 can include
differ ﬁﬂﬂmergdtﬁmﬁtﬁblﬁfon@ybtfehﬁﬂm mgasrsvmdhﬁng:mtmn 4o is in fluid

different restriction size om_each ot her.
SoaRPBicating with the 1l aw%ei#&ﬂpn é@gcm dsid t%%mrz:msof the

3{42uum chamber and the by-pass line to which the first and second gases are flowed.
A first preferred embodiment of the gas switching section 400 is depicted in FIG. S.
The gas switching section 400 can alternately supply first and second gases to both
the center zone 42 and the edge zone 46 of the plasma processing chamber 12. The
gas switching section 400 is in fluid communication with the first gas passage 324
and the second gas passage 326 of the first flow control section 305, and with the
first gas passage 364 and the second gas passage 366 of the second flow control

section 3135,
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315 can include nultiple tuning gases. In the gas
di stribution system 100, the gas switching section 400

WO 2007/08¥f6Baii d conmuni cation with the fl ow cont rpCT/US2007/000035

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 preferred enbodi nent

of the gas switching section 400 is depicted in FIG

5. The gas switching section 400 can alternately

supply first and second gases to both the center zone

42 andTBhg edge zone 46 of the plasma processi g o
chambefq fStﬁﬁ%%Sé%g%%"t iba dirsdlay sentadsesiion 305 isyliyided into

CRTPAEaeas 98] 480t thelsBEordd éa%tpagéaée 82§ %@% et ﬂ@chotn%l section
second gas passage 326 of the frrst flow control

st ip gividedinte gas passases H42£444s thegfasst g@%@a@g@g@w efitble second
6w R8I E ?§§sacg€1d§§ fhtQloal §ss Qﬁ?, Qh&’,\%n%ﬂﬁ% tQond gas
e of "the Tirs

section 315. T rst gas pasSsa
fRagsrgeGH6rad] the sesiond flo30&nito] dfwhlodéd Siis tib/iqm;irwagmgmsages 456,

4‘%% Iﬁ%&e € Fgglﬁx%‘%ggge ggssdﬁ)ﬁg 3& 13 %‘16 ﬂuld %og'g@fglﬁ}rgéhaﬁyltw the

control "séec 4 gas

Zetige zohe 46 iof tie glasmpalssaige 135theqfas tpbﬁ’sage aa8dk fnl fDyid
control. sec 452,

t
gt e B Bt ticops 42 20 eae T pedfesSad it and
ahagaOpassagd 40Npdlhles & bdipassifle.i The g@ﬁad@@ﬁé«ﬂwﬁ it Fid

In the e t he %as passage 442 is in

. t,
BB C B PR SFRECHETG0E S4icoons 461 Theeeas passage 452
[k ﬂﬁﬂﬂlcﬁdﬁﬁﬁ’ﬂﬁﬁlc&ﬁon Wite tBR8as R3S U4%48 th cdled 208e@2. The gas

communi cation with the center zone 42 of the plasnma .
(A8RAEES gy THARdetSBre ifluidigeargurications wifh the gas passage 444 to

gﬁ@ngﬁ@sgn@y pass |ine. The gas passage 456 is in
fluid communication with the gas passage 442 to the

edge zdnalwa40Tisamgagedrlongearhaiahe gas passagrisdl42, 444, 448, 450,

SO, Bl 48! RIS A8R PS8 41P oblfed Y bsed

assages and
forefiechbdy omderi ooatmbott‘ Bhet:hntt«tih:rgﬂé, mamppgethééfﬂ'sﬁdr sebend gas to the

A val 4 [ h of
SRS iR Rl et 8 GBE°Eardo Mhdus bogipenn
458. T exahlpdﬁf g?réﬁbplﬁﬂletﬁrss@s&ﬁtth?/ eér%etoﬂﬁﬁeﬂ zlﬁqlelCihe edge zone
ef era of the controller
é‘&&sﬁﬁ%l’@ﬁwmm ShEpog, fbs%re{)ﬁlfaerg*é%e $e5onf gt indhp bypass
Vlhiel &e&iamﬂsmaﬂ%ﬁé the @by piskhit@ 44De498 Hed 498 58%rt Bﬁened while
For exanple, to supply the first gas t

|
e By 40 Sions hestanroraes G4t SDind 460, 456 prvecigeds b switch
RROBASEOR o thaThe §ec138d %@éils%yﬁliéd fotBe SEHRPLAAD 4 hB8dge

by- pass line, the valves 440 al ong the gas passages
2495 46,26 g pllsrsa progsesing @hm 48, WP as frst gas is diverted to the

by-pass line, the valves 440 along the gas passages 444, 450 and 452, 456 are
opened, while the valves 440 along the gas passages 442, 448 and 454, 458 are
closed. In other words, a first group of valves 440 is opened and a second group of
valves 440 is closed to supply the first gas to the plasma processing chamber 12, and
then the same first group of valves is closed and the same second group of valves
440 is opened to change the gas flow to supply the second gas to the plasma
processing chamber. '

In the gas switching section 400, the valves 440 are fast-switching valves.

As used herein, the term “fast-switching valve” means a valve that can be opened or
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the val ves 440 al ong the gas passages 444, 450 and
452, 456 are closed. To switch the gas fl ow so that

wo bh@75g8nd gas is supplied to the center zonePdRUS2VA7/000035

the edge zone 46 of the plasnma processi ng chanber 12,
while the first gas is diverted to the by-pass |ine,
the val ves 440 al ong the gas passages 444, 450 and
452, 456 are opened, while the valves 440 al ong the
gas passages 442, 448 and 454, 458 are closed. In

ot her words, a first group of valves 440 is opened and

a,second .gro of v s 440 is, closed to supply
rotp S gyl s WP depibd ot Emss Beadeepigoct kb abouol 004 Such as less
tthem albch& 58an@®or leksSthafiN0OU#Rs, Qﬁeﬁ’@élﬁgﬁcﬂuﬁteﬁltg%ﬁgn 69@10&@ €A
ond group of valves 440 is opened to ch angmks o
~

tfﬁ*é*a@a %%SF 6W‘tt’}6m§l}’|§b‘f  fomgsed dahepsgagtahing sretioh 46
gy

R i A e A

Heerapany, i¢tateddpBolgmghigwi t chi ng val ve" neans a val ve

(R oFR b SRR ASIOLES WAL e o BT 48, T o

tsveitehislEReEtiGO 40§ puaferablysintiudes 4 Gomrml sgétear fobebngolling opening
e Q uita le "

SEBAA Y BEPD s ST AR S e i O o

Swagg pdky( v@lvd\(sbleduoab’mlag)rm mnﬂeumt Signal &@ove theddbmitdodfiBl $00 and

BT P REAOE R R o SSE The e ctabineas actsasa

fsilavedo tﬂ'dlﬁs@amng\&iﬂbc Ralvg. BRCpilatvatQantphidaPtake less than about
é](:lu es a c ntroI %gamfor control | ing _opening

and
TS gy 8‘?°‘F d8% f%h st pwitching ¥plyg |Cﬁ%mplcql}yetals%%ﬁss apout 10

SHS leqt]) dbdGt 8 @xSordedQ Fdr Potd] B 1615 Hh ALY €0 ﬁ?sokﬁé]}oés%bout 8 ms
val've) tq collect a signal fromthe control | ér and

e refsaingtheccontrol signal vmsid theskast Scyﬁrqhgng/mlve is e&mat«éﬁiha
Q0tfa6iBh Bighevex H@& %
pil ot val vee t he sglg gttc ﬁé a%ge?éﬁ %%p‘lﬁégﬁflﬁ a{ﬁﬁ H O?chmdmg
tthealengthoamd Sszen%f the flgw passagetproviding félnmnthmaﬁastr and the
ss _about , 10
A0S AL RSER0. 05l S SRl e
&b@mplel SuQMhatstlhc Ifasaswabblm valves operoand elose wi atgut i same speed,

the fast switc val v
g’@p ? ﬁﬂe e ac‘%l ttaryoﬁpstt ﬁ@p&fssspﬁeepqrﬁgpatéw el%ﬁﬂ\”ﬁed‘ valve pairs
\dahugopamnganglcttmp@wdl ng on factors including the
| engt rovidi.ng the

d
pneu nglEhaer neﬁ'Fn%%g A Stuﬁ’glyp?( 8&?5@%}%@8 6§V¢Uﬁ?l§§ SQpgructigg. Inan

embodixhént, the pspbylymyelféﬁw& i6A0dOen 611 eERAVoit Bpe@BRB Infaintain the
such that t wi.t.chi ng val ves open and_ cl ose at

At spply, re§i}€8 i A sldetsd T#RSy S, frRrFrakeay 80 to 85 pig,
ldnﬁhg SRl RESEEEPE1 V&40t SH STIRENUNB R s 6y BaP flchiRie an

upstream check valve and a regulator to isolate the reservoir pressure from other

system related drops in the pneumatic supply pressure. The reservoir volume can be
selected based on the amount of pressure drop during fast switching valve actuation,
and the amount of time to refill to the regulator set point pressure.

The gas switching section 400 can supply the first gas, e.g., to 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-
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during opening and cl osing. The pneumatic air supply
system can have any suitable construction. In an

weedvoasreent , the supply system can include an BET/US2007/000035

reservoir operable to maintain the pneumatic supply
pressure within a selected range, e.g., from about 80
to 85 psig, during the full duration of valve
actuation. The supply system can include an upstream
check valve and a regulator to isolate the reservoir
pressure fromother systemrelated drops in the

pneu ti u ess The reservoir volunme can
eive bt S aBRu RS b et ot B sechil #i%db SHREAgo e
fmnumvmﬁibbmefuas the pASdsuié ERTtchehnlieoABLBE b?l_fthé éd}ﬁmuer
to refill to the reg@lator set point pressure.

SO A FiEplaiaed pkayeqtie gasdissiibpian systent 19Q eangbg used \glth a plasma
t;ﬁo&éé@mg r(‘:h@l'hb@(" m@fudﬁr&% BRGHY fébﬁﬁﬁ&%(v 8% kd Fep%c\éear $dsNume of

he second ){1 pass [i ne,
mb@f‘b‘(dBFS/toLﬁ’ﬁ’Qé'f“ él@m mofhinsg petied gﬁlmssr thiah @bostons more preferably

QedsCHheY atiM 260 M@égla%@r;%p?%@g% {gpl y the second

gas to the vacuumc ing the first
gas t olhhealipggrdilsof thegas Switcking syrterathave awatveaflow beefficient C,,

OliEh oBoBliz R BEbiARTS  ANPRE B Nalye, R AT 6 cient c. is
csond;ifeﬂ |irE$13!tl[I§ardl AN JIASA-8I75 62 fg%%gaﬁ&lb?hriﬂéﬂﬁﬁzlﬁb@bﬁ the test
P& LHE defkhh i NEMI SRR kL B A raens By Hindard a2,

oamntledl ETentMahod fdr(Déteﬁhi'mﬁﬁoﬁ o BB w CoffRicHt farmiph P{mty Shutoff
n a period of lesst

l.iter tq about 4 liters wt ha
s Eo? S er et HG st hq Bl SoRiTeiem sainopmenoRds 2
tHighiee pis ﬁbﬁhla{d theoughehs yahve m40-ﬂ91€‘a gﬁ»’eﬁ Pesdti@ Rbp ta.@:%ss the valve

gas switching system have a val ve Tl ow coefficient

v%)c he-cgreaeing Gvaakes fke yalue asa rrserictiyertp @as §pw: he

val ve.

st anda“rxgh%ﬁlglbl&lyv%%?\g?gﬂ %ff %?A Snéét Osfgﬁg géé ﬁgit%ﬁil%s tem 3’ 00
tshownén F¥gt 5,rmains of valbyss ﬂ#@eﬁ: arren@ein ﬂdenmnon with each

Eﬁlﬂ%@%ﬁrgaséz{%y§éé y3)2 45584 gx‘:'\lc,? gﬁ? 3§0r aré%nfpta%reo vtail;feeg%mpﬁ %rhe valve

tern1naf|on o)
FidPicay belepeadd wh@d: ﬁ@sothen:mivamg) isahosed |ty Eloddfrocess gabénto the

f f ses, there. i.s.a higher
SR L By e U SO0 HE BT IR o e
dxyqpasabn&sﬁ Hak bemaﬂ&tenﬁxda@d that dfor, stasle s@@shing P ERSfrom the

t he val ve S.I ictive to gas flow descr | bed
e tni Eng S Bt bybie 17 KNG oSy arhp Aepiaipin
40@meitoi) therinfek Gresbure[fal échOfal A A0S AFdr 8f Paldéd M{gﬁddeauy
in flui g icatiopn wth ch _of the gas passage
§Qgsta%¢2 t f’gsgfgytgﬁl‘db@@ letgrgin gt %xg ipleppre§syrg dor cag va]ve 440 of
QIIRNGH Vv ed 420 AL S 8asONAERGh ¢ yskein hb@ c&{ Beavihitied $4Rstant by
IS clo§qg to flow process gas into
tuning of the respective flow coefficients C, of the valves 440, such that the valves
of each pair of valves have mismatched C, values. In addition, it has been
determined that by maintaining a substantially constant, preferably constant, inlet
pressure for each valve 440 of a pair of valves of the gas switching system 400, and
substantially constant, or preferably constant, inlet pressure between multiple pairs
of valves 440 supplying the same processing chamber outlet (center or edge zone),

process shifts associated with the flow control section 300 of the gas distribution

system 100 can be minimized, and preferably eliminated. For example, in a
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processi ng chanber, and then the val ves can be
swtched to divert gas flowto the by-pass line. It

wha®7ogwss det er mi ned that for stable sw tchi ngPGf/Us1967/000035

gas fromthe processing chanber to the by-pass |ine

and vice versa, and to maintain gas nonentum the

inlet pressure for each valve 440 of a pair of val ves

440 is ideally constant. It has further been

determined that the inlet pressure for each val ve 440

of a pair of val ves 440 of the gas switching system

400.c |nta|ned const ant tuni ng of the

RS A BenPIet PEAREC Gor e veltes 449 plonz e passages 442
sdehd 3ot abﬁ@xﬁﬂit&@&h@fsaﬁ@g@h&@tﬂe dw Y@Ea\éﬁsof*iﬁéé% valves is

m smatched Cv values. In addition, it has been
FPPEXIMAEY eaval): Byd ths iatinressureafos thesvalivesi4d0lajong gas passages
CfRSAU 52 %%Eﬁoﬁ%é’te ékérﬂé W%k@lll E{e fpd'vs totdch (:Ltques@%tlves is
val ve 440 of a falr a ves 0 SWtc
s%@?@?ﬁ@@ﬁﬂy eqwad). STl siuwatiaal allpwesofes tSlalnDi;h toamsisioas w@blsyntchmg

G0 8hENbw Bk eln BEIRULSAT YRR TS hRhTsPal 1S of
val 40 sup ying the sane procedsi ng CThanber
out | et Fﬂéwme,@rv%@g%(kmmd)avemfbct@mp&mef G value, and can be

t f MICOHt ol sectj.on 30

SRS RLA0 ol Qhelih Y558 I R G R e = bynd Vatue. For
mxafrwrla bhygn ehlbminmme,d:he ﬁaheebdﬂlﬁah&),e mét:haﬁi’c&ﬁjé hﬂ]@dted to decrease

S r the val ves 440
%F% i ,&5? Sl sefais B LR SHhE vafe ZPRIFwtonRLEt he fghanically
Mmﬂstc(d/\hﬁncﬁeh& the QWvbﬁlee Adroeding M@ 68 YrAlfotRs éxﬁbodlment of the gas
and the inlet pressure fo

i mat el é t he
i (Fg*éﬁa%tfﬁ 6&@ t@% alyes s4hazanged 2Jone (e gaspassages 442, 448, 452
UYAr4P6I (B, edfirehbEvAES ik Wﬂﬁf‘c&ﬂ&uﬁﬁc‘ai’i’oﬁ Yifhdho R%ceﬁﬁi\?\g Ehamber

val ves 1s approxinmately equal). This situatio
fhgve ¢RsEBRt v Yus. @ne the virlees 440 areaiized atang theigad paswages 444,

kelonesh .4 Hess PCEN 60 \529%% o h'u&f‘? ortaan Ao &th tﬁ%[/)y-pass line
exanpl e, a valve€ 440 can have a factory pre-se
\nave e tuegtiCevdlubelmepteferrabémbodidient ttbejpl(et-sen@ Values of the

g)%gfﬁb% QMbl'g?'raﬂggd %ﬁ‘h% @’e n%a%tplagﬁtggs # gﬁ%fl cﬁ4%é: lcn)ave a tolerance

rof @hamwi ﬂaIZI’/éloﬁﬂiq)\ua‘s adntmi fd@nnbaﬁmnnfaeumyazhdlebodtti-/-l 5% of flow

SR A constructions, can
38 I?%anl 21Cna Jgtu%’t &' CY%&%S ‘?‘%3&“’(5\%69 Along the gas passages
Adgoth, rz@4tandel156 hpweﬁ easlemhce pbasburent 2%foftfiey §@Sormal from the

AR BB 1 9508 b Tl B prerse ana oned . vatues of

té edles pairy ateuaBatdhell Isutloltha tHEIRicE 9£dssme Wit dhchRRIve 440 of a
pro&gs L5%4%B er have re-set Cv val ue, and the

BaiRES S 4P A Aeans SPO1G e S 4P Vb Srinained senstant
odingnrvithihg( hnd®the 1h!éﬂ§tésé/tﬁfe \f@rsall ba{]rsf(lﬂ’UaT’ves 440 sypplying the
conmmuni catjon with the by-pass_|ine have a tune d %N

Pamg Proqegsigs shanber Qilet fbbe maintained constant during@switching
wRtweh Mbw EB%M%EE%S% zﬁ'{drﬁggcﬁlg“ﬁll R9at Hehg gﬁe preferred

passages 44 8, 452 and 45 ave a folera
embodiment, each of the reference valves arranged along the gas passages 442, 448,

452 and 456 can have the same pre-set C, value. In another-preferred embodiment,
the reference valves can have different pre-set C, values. In one preferred
embodiment, each of the tuned valves arranged along the gas passages 444, 450, 454
and 458 can have the same tuned C, value. In another preferred embodiment, the

tuned valves can have different tuned C, values. In a preferred embodiment, the
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of about +/- 2% of flow as normal fromthe
manuf acturer, and about +/- 1% of flow as ideal, and

wao b@7osmeed Cv val ues of the val ves 440 arr angePiCHIUS2997/000035

t he gas passages 444, 450, 454 and 458 have a

tol erance of about +/- 2% of flow as normal fromthe
manuf acturer, and about +/- 1% of flow as ideal. The
pre-set and tuned Cv values of the valve pairs are

m smat ched such that the inlet pressure for each val ve
440 of a pair of valves 440 of the gas sw tching

st.em 400 can. be mai ntai ned constant during .
%&"ﬁ&ﬁﬁaﬂ‘@e oL Gagh o e Rfosesspasliamber pyiiets i Suéfgwgtlbﬁlose such that

V@Ich @F tifeHal &Pl (Arih okl Blon@TEe PAOSRSSIR A4 h@zté) @52 and 456,
%mgt can_be mai ntai ned constant” durin

&re i1 Bdcsmmenicaion vish @%C%m&ﬁ‘@n@mmn ibave the same
Fﬂr@seﬁc Lﬁlu@@ @nBlealesf t‘ﬁg IUQQ Qhﬂﬁﬁr& réé Ihetg%g pg5s98es 444,

reference valves arran a ong t
4%@ 4&$2néﬁ§8,4\5610bane hwaﬂﬂedtchmnmtwmewsbthemy palsumc can have

| fe & ave o R? eva?ﬁér %ﬁer@@ @}%@ﬁhgltﬁgﬁuﬁ gf t%n ng]s \é\?z éﬁ;}pgg system.

can er ent pre-se one
enbodi Haelt paleaﬁv\ale 440ccanurawd theadaneesoran didfegad Gyl misghatch to

t 4. 450, 454_.and 458 can. have the .
GRS ARREPE T bl spit Nl F P B RO de v pair. For
tdxamnlm gul thﬁad:mbsdlmﬁt cb\ﬂ‘he gds §WRelEAg sY4ORU00EhYINURFIG. 5, each
refer éﬁﬁ#ﬁ% t he og%@ctance of each of
DR LS R & S HIFRICD; o haf s [TeomsAmYodimeat the
sliffbrehbabet®aeh tied high@ Malemdiod @ {’ﬁgg 6%1 B Hﬁgsahlf%lefor each pair
ich are in ul

assages 442, 448, 452 and 456,
c‘%s ﬁﬁﬁ 2‘? PROGH eRbRdimept Saechigh 3gd dowi heraluss gan ba different for
tdiffe@nlBaiby 6f velVesOWithahs 8FreraRd &%&rpﬁxg%@gﬁ l%@\sﬁgggues

arranged al ong t he gas passages 444, 45
vsinghthg same fof eaghasrrfimatiesadih anotihen ¢mbodimont, tasdifference

I eb
HeRSeci B0 LR E, \ ¥fe AT Rony € Rl e fitpleRS Bhotu gt the paies of
Fatfespai r of val ves 440 can have the sane or a
di ffer de. a,con i t
pr essu’?ghssqz}(ug{i on e1’or sgo&% %F’??Bgdlg?engéﬁﬁp%‘ﬁ valygs.can
Focludx malybethat hatehthe smhe @rmttcvofalﬁdse Igafothidt prefirid
400..,shown i.n r ¢ have a

FF MG o T e Pelye s imeREle vafvas ol Bnbe Sfkeritt pre et C.
Viaffesr hmsmlbaﬁb&rﬁmehh enb 0@ theQal el 4@ batanddoy riémaidhi@e C,

b§ sane f alr f val ves. |n anqgther
SRt eV EOMTN SARLP RO APr Ak UeIvE £ sgbarr of valves during
divfidchimgnt for di ffer ent pal rs of valves, with the

diffegﬁgpe bet ween the high and | ow Cv val ues bei ng
the sanBeFHIE OB VEXP pagfarqagg%glong thegrstrgsgages 442 and 444, in

S b o axuso by 16 Al
ﬁgmz%ulg@atw Witk the processing chamber can have a nominal C, value. The
valve 449 arranged along the gas passage 444 in fluid communication with the by-
pass line can be tuned to decrease its C, value to thereby increase the inlet pressure
for this valve to match that of the valve 440 arranged along the gas passage 442. For
example, in one embodiment, the C, value of the valve 440 arranged along the gas
passage 442 can be a pre-set value of about 0.3 while the valve arranged alon g the
gas passage 444 can have a tuned value of about 0.15 such that the inlet pressure for

each valve 440 of this valve pair can be maintained constant during switching. In
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As described above, in a preferred enbodi nent, the
pairs of valves can include valves that have the sane

w@e@7ogtesCy val ues. I n another preferred enbodPe®ns2007/000035

the pairs of valves can include val ves that have
different pre-set Cv values. In such enbodi nent, one
of the valves can be tuned to m smatch the Cv val ues
to achieve a constant inlet pressure for each val ve of
the pair of valves during switching. Referring to the
val ve pair arranged al ong the gas passages 442 and
enbodi nent, the val ve 440 arranged al on

444, |
t‘f?éesg‘lé(gefﬁé S RS A2 Yalng 9ha wrlxofdRiisivndesisrblnhigh, bad “alves 440
PERC RS 6 8§ir chiR BB @linc@ad pheM e theMREHOPE, Q{srﬁgﬂcﬁe?r?}?&b Ly, there is

val ve 44 arran%ed al ong the gas passage 444 1 n
cHAGAYSiCEscRIHowitkiough ghenalyddl slong thesgasinassagadd4t(and also

dBESRASRhdrtvaléas iX Q’ldi‘(l? cdBniuBRLEb »\hﬂl%@ @?‘iﬁ%g] ﬁn@l%) %tvﬁlfo

pressure for this valve to matc
achgﬁwlagdrﬁgj gasediffusiopaswag)thesde iRdhe diretjiinegpposite to the gas

ng : ﬁ@ ﬂmﬁ&r V1E&ﬁls E§%| 1w rou%me ax\ll gpf\il ré\ékgr%réz{t%?xqg ghe outlet

gas passage can pr s
a’!f@%ﬂllf@d@esmt veryt flew\aatose tieerapertged Byoeglt, lieerg &Sa relatively low

n v value of. about .0.15 such
SRR abp bl e R0 clfriirish i g mppeing
valaudbepai r can be maintai ned constant during
switching. |ngas ere the pre-set value of a
val vehiz\?ll(%1 G R efﬁ%egsqn\ﬁgod?e% aﬁ ag ﬁ"4\9 QRssthg £9s prssages 444 and
i Svan have tl&’iihnlitetlﬁlblﬂﬁﬁ vhﬂxeme@a\/ds@%&m@f @esd T adeQte i ln fluld
m smat ch. . Pref here is viscous critical

t9PBBHCRRN &S\} e 39rpe wa 1frr¢e(1§a§hqo%9§%@éxanm4oqﬂaﬁ@nd the
alabest4a0 ek Hﬂag&sﬂzrhnfdl 456%hrE HTAYLY &ﬁltxﬂiglqlcm1<§$wuh the

the by-pass 1ine o0 avoi d backstream ng
cﬁaf‘\et@% - & c e FIMeEHEOKRSFING Chambﬁededluvpecth) aprlnm/lettbe same

tiRedeh €, Yafuel I18Ms glltﬁa@ﬁh'tgé}calgpﬁpd%fe? ‘Efo[%‘lg gf%&u‘%lpg%lf the gas switching

through an aperture,
iy atgm Q0 @@Bﬁ'mmtlwanylaf betwean tse tWh eirapies. t Boreother gas

Mfcﬁﬂl% a V ql;lqvllllgh EIrSg k\g T§UI¥S IOC%? ! essu{fﬁn?lﬁl&p&mllar

acr oss al ves SORMUN
plevbogi thg \@Ihvmbémng the gan gaqsaﬁsewz}eﬁderﬂs&dmﬂﬁ% diffdtent tuned C,

I th as pas es 444 458, can. have
MRS Il oR R, 10 ShCR sRARTER St 470 Shrdeminy Ay g the valves
alang the fghsipaksagesd il ot 4 sanypichly thehsa Be RYmP asfed CNalue
%ec11éﬂ%:e gne exha 35 outlet and the val ves 440
e he3e 205 28 Gk sty tdars it the samehigbass line and the

oahres airaagddalong ighs pisage @8z earkiin Sluid E&ﬁnﬁlﬁfﬂitlon with the
proceSS|n9 chanber dellv ry outlet) and have the sane

SPRE &Pne0r the) RTacessifgcha E%I%T}dolﬁi"ﬁﬁ saine yreamﬁw wug.f
the plagdordiagh/, id BRbE&MY $HE BSs switching system 400, the C,

mismatching of the valves 440 creates a condition where the inlet pressure between
pairs of valves (e.g., the valves arranged along the gas passages 442, 444) is constant
as a user switches the gas flow from one valve (e.g., the valve 440 arranged along
gas passage 442) to the other valve (i.e., the valve arranged along gas passage 444)
and then back again. Although tuning of the valves 440 arranged along the gas
passages in fluid communication with the by-pass line is described above, in other
embodiments, the valves 440 in fluid communication with the processing chamber

(i.e., one or more of the valves 440 along the gas passages 442, 448, 452 and 456)
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system 400 is sufficiently simlar between these two
circuits. For other gas switching systens in which

W0 h@3estes® circuits do not have sufficiently sPei/s2007/000035

pl unbi ng, the val ves al ong the gas passages 444 and

458 can have different tuned Cv val ues than each

other. In the gas switching system 400 shown in FI G

5, the valves along the gas passages 450 and 454

typically can have the same tuned Cv val ue because

these valves are in fluid conmunication with the sane
s arranged al ong

b
‘Zi%‘s % S%"%%scfe%%f Cé?PétaPH"fqt SRYPESTHIR ﬁrﬂ@étqno %Flwt %19 gpch

saﬂ@odmeetspfortebal Piloe %&ﬁrl él@he@ RaAFEREN BEAJfIRNE th *&?ea%él&f@onstam
set Cv value. Accord % i n enbodi nents of
1

g‘& t&hF PERTHG S%’coé‘mln@éd 1oReasCRAChiv HigtRai lﬁgm@matqhed each

Vigh¥€6a1¢4 Bart hHAL BE sBme Q) (ib{tin NoVA feecatnh)% tbﬂ)l Blree oL four different
pressure bet ween pairs of valves (e.g., the valve

dev setidnas far Begliffaeeny aslrinaﬁ‘sﬁég@é%@OWMn)FIGs 5¢ d"rlnstoalmr valve of
R B AP ST e 5P
arhedingfope viives w1tht the samm¢ wemaral é]vg\aﬂueairﬂhg; Egﬂlsodlment
t
T T .

fprgsed velyestmpodticom upprbxinlimdb)eqpﬂsmdt pf&sm‘é s&ﬁsﬁdd fa;edralve
in enbodi.nent s, bhe Y, ves 44

TS oG Selion M dureliPys & w ghat tefsvichin

o(ra gtmitabmft thamla@rbyesthé%smag;mcésb& amdRSs dtSal e
448, 452 .and 456)c g tun toQ crgg?e a consta%ﬁﬂ €SS gas

iH11VE PPEALing FaNgS I & §?tF aFPosxamplgtthe gas flpwga be about 500 scem

a6l UBIRE $he Fitdt MRAEBortad] ¥&ctiRAl 305, ?drtetlsfn Y2lo¥ thLASW REntrol
adjusted to create a constant i nl et pressure

sﬁemﬂ 7Uh the seleded groflowas flawed to/the abaasfﬂrny splitter at a desired
set ?Hﬁ@%ue RAGR delifif dnd @b%/\egzcs}l%ﬁr ee}ﬁ%rthg gﬁ?%ﬁ?@% ‘ition 400,

or there can be t
all Qféh@ B&rgﬂowdrom tlee Hist ﬂerwecmntrpa B¢C$100f305 da$ fles/ed 40 the processing

fcm%ci {frrgtlg% aim:g E&n%e%aﬁ ég ttﬂl% Y alél{é{agér]’y pre-set C,

I's not a ust e
walugs, Thh emlebgasmrassude fog thesa rval»ab vsersnearrurrdsd, isheh aandng one or

h . An I
888 LBty Betimelir. SR R B Bls 8 b 2P Thef e s
rfhwefrpneﬁxetfmaﬂms:omomeoﬂm BOS s thpp floniedad ele/bygRasdaline through
ok PR EAE R Bt B A 1R e el s
ﬂéﬂel 1ﬁlewga§1p1ress{lee @or, eadh ofifteé valRes i@rﬂ@ﬂsﬁredOfTHefk%l{% el
r's critical process gas

B oc‘i’fé? :fg‘g‘il%‘r{dﬁesp’@%‘i“e pracgssingehamberang fl Of“h@ @'Sé’ypﬂsé\ﬂﬁne are
%aﬁlpbﬁada\bﬂhlfres%@& t5BREhRAAREd vzu%é@ gElttl'iB?’ tﬁé ??ﬁ/eg LIBW ei gas

control section 305, for exanple OMICOH

PARPEHAIZAFS (tp thegiogessng r@a@bpr)@mhesvrlmw t4é0t(lfﬂethe bypass)
deaddjgned td 2Y6wWE € vAlhe, eptndIRS bh $hhich valves had a lower measured

inlet pressure. The selected valves are adjusted, the test gas is re-flowed and the
inlet pressure is re-measured and compared to the inlet pressure of the other valve of
the valve pair. This procedure can be repeated until the desired inlet pressure
situation is achieved. The adjustment can be confirmed by switching the gas flow
for various flow ranges and confirming that processing chamber pressure spikes or

plasma dropout does not occur during the switching.
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wei ghting value to the center and edge zones. Using
the gas switching section 400, all of the gas .flow

wo eavmostegs fi rst fl ow control section 305 is flpPuBETS1007/000035

the processing chanber through the val ves al ong gas

passage 442, 448 having factory pre-set Cv values. The
inlet gas pressure for these valves is neasured, such

as using one or nore capacitive manoneters. Using the

gas switching section 400, all of the gas flow from

the first rom1controI section 305 is then flowed to

t he byggss i.ne through the val ves 440 al ong fgas ) )
passageS yitchigg sgetign HQH ?Fﬁo‘fdé’?ﬁ tr3/565pRd pEaferrgd embodiment is

Viddpited inliies. i60 |18 thig %&H&Gﬂﬁ&%r the %ﬁﬁ s@ﬁ@fﬁngfse&tnﬁlsﬁ% is in ﬂuld
val ves js_ measured. The valve inlet pressures for flo
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biassond tg@?ﬁ@iartﬁ@ Mhtdd, £ESREES: 42 JuliEe ﬂ?da%géc%qd gas
her ge

val ues. he val ves al ohg-the gas passa
mglet, trésnehfevqiy,dtf@s&mﬁgomakmmn that,tundike dhe/Bewsparol§@tion

djedg gGmkMFﬁ@S)‘ e§ n%?iﬂé%cﬁgna)tﬂgc%xtérom ec%e ogl: %asn %ttlets The

ing on mh ves fred
piresgasmassagh é0§e$ dividedl intl gaspassagendPsiRddand the seesiid gas

| S d the inle r e IS re-nea ed
JRSsde8 T ARIE R wds st aheaiad B30 S sbance a2 B 426
Gire irlhﬂutdsdov:ﬁnmacanonThlth aplineadtiofa OﬁhuBECHzﬁﬂ%ﬂ &l the gas
unt i ressure situy
d’caﬁ?aé/%gs“ 4%% Pk rFEﬂii gela‘ﬁmea‘éca&‘aﬂ ﬂ‘ﬁh%gyws%\m chiviggye 440
tibbocgasl dlérayedon rof\aaer gaUsasEdgRwap 2 n@&San@anc apgirm ng
t hat ocessi ng er essure spi kes or plasnma
dr opoﬁllf:orcfd‘églp&olto SRYY t}&:é’ishéasttﬁéh% Yrquent ehanbey and
Smlikdleadsl§e6hte e IABHA3eE RS mbn‘sg ﬂa@s ﬁné ]GOVGVRE 846 510%9 the

enbodi nent is depicted in FIG hi's enbodi nmen

tfhid gassages 422andft 28care opaneriog the Vialrve$ 40 dlong the gas passages
Q@mﬂﬁﬁ't@zﬁta'n@?lo‘é‘é& hr@shithR Eheg@ fﬂ)%vcsss%%ﬁatd‘tgé g&%d}as is supplied

second gas passage 415 rst and secon
fa shevpesumotambes and thetfirst gasgs diverted to thega/spsmstlimt thenadlves

49 éo}%dthgﬁl@ %sg es-’-{ S C&6Va%x erie Of a%gc O\gvﬁlggi)%ﬁ(s) along the

sect | | ow con
Shodpassagdsl 432 md%wenhisedncl ude both center and edge

‘oto RneHbbE Ten] BE e b o AiRiB SR LI b pindtiBE . e
Asbvek alcthigviad @dssagem:gzaaummag@w ﬁ%@anﬁ%ﬁociﬁﬁ%g%ﬁrtnber outlet,
comuni catl on w

AR Ry o oS anAABAY e ‘PGS Gt PireSanias.

mlcamg t4=128/a11fe§ atAngdd/hldng @AMk £k 1400 anlitan g %anaO@% same
i ne, @g-‘val)\zlg Ois Io at ed alon each of the gas

e, lepths valysg alopgieas RaFHgEes 42?oarscu1b%ﬁ gan have
Tahfbnﬁlh{ulsdi @dfe.t AsdBeeritraWBBVE idThafs MI@S%I{%%%§ Ib¥ssages
e val ves

route the second gas to the by dpass i ne
48> ‘é’z}l{-ﬁf@i 436,428 can have mismatched C, values such that the inlet pressure

for each valve 440 of a pair of valves 440 of the gas switching system 400 can be
maintained constant.

Preferred embodiments of the gas distribution system 100 can be used to
supply different gas chemistries and/or flow rates to the plasma processing chamber
12 to perform various etching and/or deposition processes. For example, the gas
distribution system 100 can supply process gases to a plasma processing chamber to

etch features in a silicon oxide, such as an SiO; layer protected by an overlying
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fluid passages 422 and 428 are opened and the val ves
440 al ong the gas passages 424 and 426 are closed. To

wamorosieshe gas fl ows so that the second gas iBCT/US2007/000035

supplied to the vacuum chanber and the first gas is
diverted to the by-pass line, the valves 440 al ong the
fluid passages 424 and 426 are opened and the val ves
440 along the fluid passages 422 and 428 are cl osed.
In the enbodi nent of the gas sw tching system 1400
shown in FIG 6, the valves al ong gas passages 422 and

426 lead to sane roigsgié]g] chanmber outlet, and.

URES, S P GamaRks Lo S0 IsYer 44 besarmedeh s gemigonductor
Seier,Byichas g sllicos walsPh&dhg ¥ didhiéer 8F YREm@E bANEEAmM. The
%%gn gas ,passages 424 and 428 can have the sanme tuned

(

Bey ©.8a Vias angdfr|teenches. Japringssushsighipgprocesses, it is
RRSEAGIR 0 48 ﬂ@p&lﬁﬁe?@ﬂ pBRMRs Bf %QQ% toQépXiﬁ Lt‘x‘ﬁtioﬁé e.g.,
the p al ong the gas

descri bed above, airs of valves
paseksqufisspes, in ke mask 26, to ABthe stridtimns) su thaefeetuees €vhed in the

\Y > i plet :nr r ach . val 440
SO g L, BB Bl PSP o
400 repavedetherican avendenllyorestiathe. layrehden gidgelbodskamnd i effect

Lsf.nl bution system 100 can be used to .
:%ep%%fgl % %tgrté%ttlg}geésd ugﬁé r?lyc}fnrgf' e‘éggh%l Pelymer sap ?’Stdggost‘@d on the
tsdevpdlBofahpfeaaessi ng chanber 12 to perform vari ous
et ching,and/ or .depasition processes. .For exanple, the .
gas di SHVF BET %%C%VE?CLHOT’G e, St dhihigkngseidls pglysear deposited
tan theBidesvalls AhA GRS 0f 6l0AED Ratires £ffedis fiRAH Rle.l Th dhisotropic
sili.con oxide, such as an SiO |ayer protected b

: an
FILHPE PRiTERR, PUYRIRT deposited,on Hh Rattorm ek the firsurs) %;SQbStamia"y

|r3itRNed Alrike efclnge HAPevRer SiE MCIgMEE BEcofis@bo tIHE Bn A5
a. silicon wafer aving a dianeter of 200 mm or 300

. h
midewalls andlar ondhe bass, the cich rpte of$igk isdeyreasery anbmey be stopped

[ékAF18 e M Cﬁblfﬁmﬁmnﬁg aBo ke tbof %Lﬁfaiﬁés ﬁ?lhéc%ﬂle@ 16 thick.
deposit "a polyner on portions of the mask to reparr
Sreqozdinglys thecargount of tinlesthatrthe igas mixtere fon formeingaskpolymer

' . ' i ati sQ, t.hat . features etched .
et ol et IFIeRbke: 36 g e M8 1oy R hESs R ipber s
moelcthtdy oentral teclttb dimerelhy cattrdl dltd ihilcknasscofithe poBp@dridegosit formed
t |y reach.the layer underlying the
e S8 ROt S5 AT Sy B ¥R B g s
drwimgetchibled theSignllyye] palguneb & siejodiiallode®bvédFom the mask.

the featu een det erm ned,

si dewal | f res. . lt has .

i rel, flspalfimet Riritabl drere BB s @pskibasiiers periods of
@nchihg of thdeSioh I4/catdersife thasaifaticnt PaH ah8 ptdtE&Fon of the mask is
%;Eecté the etch rate. In anisotropic etching

€&&Ses, pol ymer deposited on the bottom of the
f eat urehd gassdififibatién §fském 100 can be used to supply process gas into a

plasma processing chamber to etch SiO, protected by an overlying mask, e.g., a UV
resist mask, with control of the thickness of polymér deposited on the features, and
with repair and protection of the mask. The gas switching section of the gas
distribution system 100 is operable to allow a first process gas used to etch the SiO,
to be supplied into the plasma processing chamber for a first period of time while a
second gas mixture used to form the polymer deposit is diverted to a by-pass line,
and then to quickly switch the gas flows so that the second gas mixture is supplied

into the plasma processing chamber to form the polymer deposit while the first gas
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renoved during etching. However, if the polyner
becones too thick on the sidewalls and/or on the base,

wo b@7msBe rate of SiO2 is decreased, and nmay beCEHUSPEE0035
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conpletely. Polynmer may al so flake off of surfaces if
it becones too thick. Accordingly, the anount of tine
that the gas m xture for form ng the pol yner deposit
on the nmask and features is supplied into the plasm
processi ng chanber is preferably controlled to thereby
control the thickness of the polynmer deposit formed on

the SiQlaye al so.prqviding sufficient repair
R bt e Pmsci &fﬁ?ﬁﬁ@%@t biftg ase miprspepplied to

I apwsmawnmemehﬁzd?@rdf% ;ﬂaérhz\/pf&epsfﬁgcﬁaﬁ%er D15 [eRsk-
ordlnﬂly, t he pol is preferably deposited on

péertaesd Wik ?/f@ﬁcw gAsanifgeoTithine reriod|ojess than about
t ) S,Eﬂ%% Sre?&ﬁﬁlyslégsfthé‘r{ ¥t bEPRIsT TBRDIRGRL 8&% ?xb%ft Z(tnnae

i s achi eved. gas distributi'on system

blére@%féblﬁf@s%lﬂye |§f é‘l@ééfz lites t9 abant 4 lpblass e proc E‘SSI ng
chanbe Fl“hE St %E n%'xgrg detSt E&l §)i¥)t2 an %X?talx% ng C%%rgg%rbon

e.g., a con
o$peptﬂ8ymh aﬁéb@s,l @mhdcmgdnh eTheﬁbwrmao oﬁﬁdFyKOEzﬁarg@pﬁnrbe €.g.

f k.. Th W t chi t
a?@/t ﬁ es%Eg)%gE 0 h% ss&gned ﬁ%i@}g%‘u@ﬁqﬁi 1o férrg&g;?og{;l'% T %)OISIt can
ad:dmwrlae i, msﬂuqmﬁmearmsm&d duch ek ﬂhHﬁhb aneﬁ?@%nt The€low ratio
nto the rocessing c er . for a
FEPEH B Sy ik, TSRO0 G e SR AL B Ringis <ag ggtionally

t a‘isé mdmldehsz pﬁbxympadﬁpescbhplba pliisvier ¢t rdaRto? tHYpred&ssing 200
ui cklgﬂsvvltch the gas -fl ows so that

t
B e S0 i Sl BT e Aghrecan e 6 27990 rhpar. e first
PERGABGIRYs PRFSRBTY AGyEDmB ﬂﬁ%l&%&'ﬂ%eﬁﬁ@&ia}nﬁ@ tdEabout 5

the first gasm xture is supplied to the by-pass |Ine.

Pres PRI %Pouf R@ seqonds e@%ﬁw i frgrosiyped ingel theoshampblenéwile the
C t f

SPRPAOBEPR RO B th) DR PR IR S5H SO MIRALe Libreterably
nilqved atgjtheplasma pmm{rxgwhar@m fomlmuabcsacorm 9, abmgrzeseconds

péa%ﬁ%frﬁ’@ltﬁs LftohubaaR (@Hl%b?l %ﬁ Bhile t]ﬁ]xg RLas ogas diverter to the by-

confi nenent zone pre era as a vo
| pase lingly, Bbdog ewhing f1EO, ?liha siibstsdte (the lcmgxﬁ of thett&fbﬁing period

fl
RSB B i FERELI B0 S o
Ztaﬁf@ﬁ'edd:ane benods drhe p’iﬂjfﬂl&/ Mﬂsﬁ @eéfbrat'ﬁl‘bere%eml’%jmgﬂ%um
X osit can contain
e dES i PO APR BRedEt S8R iR e essisich

auygmnlly Tf(ms {p evnatioat B@mﬁﬁte@l'll)‘ﬁ/rﬁg@@éhxﬁgrboh’yqnelec& be deposited on
/500 een1 The secong@ as ,m xture can optional

P& Bk dp ceRpiniriagers 25d pHNALE pask PESERH U fb?‘%?éﬂ*ﬁgé't ghe shape of
rtﬁa@beﬂiméﬁ in @kQﬁ&&%ﬂréﬁra%QOcan be maintained during the etching process.

The present invention has been described with reference to preferred
embodiments. However, it will be readily apparent to those skilled in the art that it
is possible to embody the invention in specific forms other than as described above
without departing from the spirit of the invention. The preferred embodiments are
illustrative and should not be considered restrictive in any way. The scope of the
invention is given by the appended claims, rather than the preceding description, and
all variations and equivalents which fall within the range of the claixﬁs are intended

to be embraced therein.
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mm or 300 mm wafers, the chanber pressure can be,
e.g., 70-90 mlorr. The first gas mxture is preferably

wo b@meslicBait 0 t he pl asma processi ng chanber f orPEbos1005000035

seconds to about 20 seconds each tinme it is introduced

into the chanber (while the second gas is diverted to

the by-pass line), and the second gas m xture is

preferably flowed into the plasna processi ng chanber

for about 1 second to about 3 seconds each tine it is

i ntroduced into the chanber (while the first gas is

dlverted to 5@5 é pass line). During etching of Si Q2
Dilfe | ength of the etching period

an d/ or1 t he RQlay¥ Wtcﬁ‘ﬁ%%éét drOfdr Rk ATbtERIti s yisRE ﬁﬁ%ﬁpblymg

or decreased withint referred time periods. The

(PEPSATE BaOFORIASMA PEJCEFHRS WW@?féh@§ gas ﬁwphaﬂwﬁm%klﬁé@émg

of | esasﬁ{sl? Qs ﬁ&g% P eﬁrﬂ€ Bk 'iI?ﬁ'édjéUmﬁQn{cQﬁ%ﬁwm J‘ﬁrst gas line

process, I ca asts up to about m nut es

Bmdith@plesmhlpng;esw)gyhanb@an be deposited on the mask

to repall. sit I | N .

accor i 1550 b RAERE BRRR R L 4F AURESRERhERLbR B the it gas

pmeﬁmdahhypmaﬂube nalntalned during t he etching

process e present inventio een_descr

et or vt 5t SPEFEPE S aftie e S S SutEr ShraBl iobdn anc

leboseaBelfikst pappagsepd, thofitshseswitclihg dalve Hakingar first flatv

OSSI Ie to enbody the invention in specific
FBFﬁ% than as described above without departing

from tsh@ecsﬁd Fast s@itching vbM%ﬂBﬂthﬂe sérétﬁld? fpﬁés!agé operable to open
enbodi nents are illustrative and shoul not

be
ABH 1es8 1R ssoud 2t PRsFaLs: thessrondh{ast swichipg yalvsthaying a second

|4 B4 fPiRicn® dFFFER thin B %rﬁlﬁmﬁﬂ @géi”ﬁ%iefﬁ't §%ch that £l?fnlét'b@é’ssure of
the precedi ng description, vari ations and

dhe fivsi fasi switghingtval v is svhs@amtnlly naualam@é igket presswie &f e second

Pl 0 ey BEABS S RS ATt o8 AR e

wwmmsmmwlo@n@ﬁmﬁsﬁamxt@m pilae pad opening the second
ﬁ lslv'lvdtsc':hnx% vaWa”%?r onh 1 sgcongsg%& é,gaﬁéagg ééfxg @%Pg passags by

gas pass
aﬂ)disimgltheas‘ecmm ﬂast ¢wizcHing edlveasd bpesm*ngtht filsefast asitching valve.
processi ng chanber; a second gas passage adapted to be
in fluid conmmuni cation with the first gas line and a
by pass. | i NThe gaf swhthih@sdctioniof Chaing 1 Wahsteinathe If@‘sttdiha second

rst sage operable to o nd close the fi
s Sy EgEveTy e ARS e toche SER g0 pars et iy Spiching
fVallwd arfd 1¥secefsbididemitswaikbing valve to supply a process gas to the plasma
processing chamber, and (b) close the first fast switching valve and open the second

fast switching valve to divert the process gas to the by-pass line.

3. The gas switching section of Claim 2, wherein the first and second
fast switching valves can be opened and/or closed within a period of less than about

100 ms, or less than 50 ms, after being actuated.

4. A plasma processing apparatus, comprising:
a plasma processing chamber including a showerhead electrode assembly;

and
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a second fast switching valve along the second gas
passage operable to open and cl ose the second gas

weawsagwse t he second fast swi tching val ve havi PgI/as2007/000035
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second flow coefficient different than the first flow
coefficient such that an inlet pressure of the first

fast switching valve is substantially equal to an

inlet pressure of the second fast sw tching val ve when
gas flowis switched fromthe first gas passage to the
second gas passage by closing the first fast sw tching

val ve ﬁgﬁd openj n t he .second fast sw tching valve, or i
from t HE E8S8AY g%sseﬁgg% agrerdips o Elaim 3 in Yuidl gpmrgupigation with
byhehosieit@all BRcE668OAskefdEE. SW t chi ng val ve and openi ng
the first fast swtching valve. 2. The gas sw tching
section of Claim1l, wherein the first and second fast

swi tchikng v d s
open ot | re e ReaRh B o AR B iy Bmprisng o
SBABFA sysem opgrabihiogpnimel the apeningpidyclesing of tesfirgtmd second
t gt 8l pregcessing chanber, and (b) close the first
fast swtching val ve and open.the second fast

switching valve to divert the process gas to the

by-pasg lin . e w tchin tion of Claim?2,.

wher ei § t heq?llﬁ i’é%s};%n%'% gésgicsﬂgc? PPk s‘%ﬁﬁ@ﬂ? Eggme\l;égmé’ﬂﬁmg a
bB8owpentd! sedbwinchidiag therfitshias linepiarfivid cofmnhatcationafith the first
agodjgecllgg ns, or less than 50 ns, after being

2 USERYY 855 PRSI s processi ng appar at us,

conprising: a plasma processi ng chanber including a
shower?ead glrhec rode assenbly; andthe gas switching

sect i oh accorfiPiymaPrerssmezrparafys nid-labnfufirer comprising a gas
Wipplyt fetioh eVEniIeAsnabsRbiQIRiIBIBENBYYoonfol IGioR! asMa

processi ng apparatus of Claim4, further conprising a
control system operable to control the opening and

cl osing of tahg,fduFifdh; . | L chj val ves. | .
6. The plas rragag r%?&’éﬁ%‘@g‘gg‘?g‘t %agﬁéitﬁglgfwgng)&%?gﬁ hep ying
cEATPP Rlasgnagproressingoriiambler sebtdinga gac distimgiohhaehberdtaving

[ ' j hcat | {th the first and o
SEior g0 e Yot R OGP il BB g o Eas swithing
asphemcerspasingl ai m 6, further conprising a gas supply
secti ofg| ' 0 nication mth the fl ow contral .
sect i o% ﬁk% .gtelg%sgggeswa{p& Qe ﬂ‘%ﬁ"?ﬁ?‘“&a&% with a first gas line
chnglithe bdgd zmenfshegad distribufiph Yieftbed @8 theOplasrah dsdMssing chamber;

rocessin hamber i ncl udi a., .distribution menber
p 2 5d83nd £as passage a aptedn tg be nq ?’Iiu? communycation with the first gas

havi ng
line and a by-pass line;

a third gas passage adapted to be in fluid communication with a second gas
line and the center zone of the gas distribution member;

a fourth gas passage adapted to be in fluid communication with the second
gas line and the by-pass line;

a fifth gas passage adapted to be in fluid communication with a third gas line
and the center zone;

a sixth gas passage adapted to be in fluid communication with the third gas

line and the by-pass line;

a seventh gas passage adapted to be in fluid communication with a fourth gas

line and the edge zone;
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center and edge zones which are flow insulated from
each other, the gas switching section conprising: a

WO 20038 18E passage adapted to be in fluid comeeli/vsionTon0o3s

with a first gas |ine and the edge zone of the gas

di stribution nenber of the plasma processing chanber;
a second gas passage adapted to be in fluid

communi cation with the first gas line and a by-pass
line; a third gas passage adapted to be in fluid
communi cation with a second gas Iine and the center
zone of th gas di stri Quti a fourth gas

passag®® SiAft &S RAgssagE 2 1? ted g ge Ebﬂ“‘ﬂrﬁOEHf’?’b‘ﬁat\‘/ﬁ”t Withgle fourth

seraid Gdshé bpagdithd; he by pass line; a fifth gas
passag ada‘ﬁ)t ed tg be in fluid communi cation with a

third §u%and peeond dast RiteRingajalves glonghe figgtiang second gas passages
NRESRUGRIARIBL ftag sQﬁtdh'ihé L4t o?&%ﬁ‘é% 9@&5 Q84 gfowtﬂe%st gas

third gas |ine and ass 11 ne; event
ﬁ%%@@d’&ﬁt@dﬂ fixst ﬁéwl cmef went, thersaceridciast tm'lt(xhlmglvzﬂve operable

as
pas s"% ggg g]lps)é fe Q&'%J E'%n&g ?El?ﬁeaa %Ia%a%mr% ngetlll o%% " foeffigient
fdifferemt thao the fest @w ¢dedfipignipash thitne;inft pssswaa of Secirsdfast

I h d
PaZr T E R BN B PEipiocrtos B 3RF RodTon

oqo'etczlnh)hgevetlme whem gamﬂowl ipswitthel fromthe Gest gaapsRgLe e second
e second.fast

el Vet BE R esess Ehte valte & s eseom

G tahigs e ee, D dron@ttiengcénd sddeQW/ tiORFst &d age by closing
dhfferet than the first flow coefficient such that "an

f &¢cop é%sé grvdichingvialyerandqpening the irstdast sy itghingaval ve;
subst aghirddanlfo@y fdst 5\91té!ﬁng Q'Lvates BIoRgSHE fnildf awtdzl%%xﬁﬁ %‘QQ Bassages,

fast swi tching valve when gas flowis swtc
trREpectively. Yadhipd fshguitehing H@lvgemew@lfg@son@a@sdgéo%yhe third gas

th
?g?%dr%ggl%lggﬁtﬁvi‘g%ats% 5§ﬁ>tw §ﬁﬁ4fh€f%hp Ql?é’ ﬂt?htggggﬁféﬁp %%lve Sperable
paopapand elos theffpush ggasaqsagﬁsagbhdwngh Gwirtigflowesos &t

f t fast
dfttre Eﬂwhtaﬁlgllx Qnr\ﬁ %?r &%cgeof sud {1 eré\?ar?s&ﬁ%{g the third fast

sw tchi ng va
mlmbmwaémlstshbstaﬁtmu' aaque] fooar inket passsPp@FAGL fourth fast switching

tva%?\%e\g/hér}é ol ﬂcrv'g gsesélaclénr amf- ttlbeaf\glrtﬁigggllgg %s\ég% \éoewg\%fe)\rﬁ% lggs passage
tHyi crldsn‘xg the thive ffist sivitohingtvagve adr dpenirsthe SO Rish@vitching valve,
Voq'lf}/o?n e frouptl‘l gas passage to the third gas passage by closing the fourth fast
switching valve and opening the third fast switching valve; -

fifth and sixth fast switching valves along the fifth and sixth gas passages,
respectively, the fifth fast switching valve operable to open and close the fifth gas
passage and having a fifth flow coefficient, the sixth fast switching valve operable to

open and close the sixth gas passage and having a sixth flow coefficient different

* than the fifth flow coefficient such that an inlet pressure of the fifth fast switching

valve is substantially equal to an inlet pressure of the sixth fast switching valve
when gas flow is switched from the fifth gas passage to the sixth gas passage by
closing the fifth fast switching valve and opening the sixth fast switching valve, or
from the sixth gas passage to the fifth gas passage by closing the sixth fast switching

valve and opening the fifth fast switching valve; and
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to open and close the fourth gas passage and having a
fourth flow coefficient different than the third fl ow

weo@swsent such that an inlet pressure of thect/oszod7/000035

fast switching valve is substantially equal to an

inlet pressure of the fourth fast sw tching val ve when
gas flowis switched fromthe third gas passage to the
fourth gas passage by closing the third fast sw tching
val ve and opening the fourth fast swtching valve, or
fromthe fourth gas passage to the third gas passage

by closing the fourth fast swtching valve and oc?enb

th™gas

the tmeVethaf eighith &3t syyitching yalveialqng tha gevenit and ¢

PakdapB RApYAlVERs iR &QQH&]%SJSWIICBII%%]V% e'?atg@% open and close
passages, respectively, the fif f ast SWI tching val ve

dhesevisnth gas mpme and hayiggae aeﬁ%tlthuﬂq\mcgeéﬁcmg sheyeighthdfast

t
SRt o ot REL GRS ol it B and i o
gaghth ﬁbmgreefﬁwdnihraﬁfbrcgt thagithe hevfelndvxﬂcw@ﬁffmlmtsuch that an inlet
Srteetod 0l B8 Hutdd LAV SPRRLLALREY SR, AT o lesnr
Suilblse sevienthl fayt san}tﬂing alenwheh gbs flowess slwetclma‘d fréma thé x¢venth gas

fast swt.c val ve whe

sREaeS o R e S8 K0S By PRSP sy BT s E oy Vhrve and
cdpeﬁiﬁlgfghé Bightt fak?vfn&ﬂlﬁn@\mlt/é mrrt;goru alhe/agmhcga@ ﬁﬁmagg té the

Si xt ast switchin romthe sixt as .
SE¥eYh &% Basshge bY ?‘Pgmégé E)‘&E et t‘é‘i"é:ﬂsY%e f‘?\‘g"%‘?‘&&% the
fsaséntﬁ\mgtgmteglngalam and opening the fifth fast

switching val ve; andseventh and ei ghth fast sw tching

val ve along the seventh and eighth gas passages

respecd i vel ype Eﬁ’sesvﬁ?&%‘fg &cﬁ@ﬁbf%ﬁr?@'x@ﬂer!ﬁ\l ve
operabl e to open and close the sevent passage and

havi ngthg fisety Brady SlPCFbe(hQ!éhﬁll fe$tém1tchmgevag Vestare adapged to be

 SWhbE ea% %itlat P8k Ic&% Gohith qﬁ@ﬂa@{&v‘%mgm&h@%&% are

gas passa e an ng’an ei ow coefficlent
dndmbt@dm be ab@matetiie cl@sv emahtd $1m1v1)cm @fftipcocens gauolthe beartter and

nl & he ei hthf SVVIt hi.n valve
Wk Dfls MAAPH & sonh Waded Bhdiol 8 by it B MY P
seve nt thefsa&tnds ﬁzutrthh fiftty andlseecnth €t gaﬂctﬁlhgwalvss am ddaped to be

fromthe seven etoth hth sage
SRER ot R BRI P e shi Sy aRE
adepied go bbacwrhghith cfoads ko asd aipphgthéaksshd mrbcdss @as tdithe center
ei ghth gas passage to the seventh gas assa e by

B sihn Zone MOGATAC B GUPLERIE < e Biva M8eni ng
the seventh fast switching valve. 9. The gas sw tching
section of Claim8, wherein: the first, third, six

xt h
and ei Yht h The gassvitching spclion v ClaimeS aubgemdhe firgethird, fifth

gt ualGfh MR woRRA GBSk biestREARdIy EQWl th eadt dthéy, 8Rd the second,
seventh fast switching valves are
fourth, sixth and eighth flow coefficients are substantially equal to each other.

11. The gas switching section of Claim 8, wherein a difference between
the first and second flow coefficients is substantially equal to a difference between
the third and fourth flow coefficients, the fifth and sixth flow coefficients and the

seventh and eighth flow coefficients.
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-flow of gas to each o

adapted to be actuated to close so as to supply a
first process gas to the center and edge zones and

wa@l200e1081686 second process gas to the by-pass |iPer/uswd7/000035

the second, fourth, fifth and seventh fast sw tching
val ves are adapted to be actuated to open and the
first, third, sixth and eighth fast sw tching val ves
are adapted to be actuated to close so as to supply
the second process gas to the center and edge zones
and divert the first process gas to the by-pass |ine.
10. The gas_swi tching section qf Claim@8, wherein the
first,!4nirdhegps it %H’Eggféf}‘@ﬂt"%cﬁ?mb%%]&’éﬁ‘ﬂ’rm ents are

subst at'% ikt %re@eﬂh‘@bf iR fRICAstAARhing@lvd ReppREGRdiely equal fo
fourth, sixth and eighth flow coef lents are

$ho sletrrars obihe sPvansh Ssbsvistines valyi whpﬁéhgﬁgw of gas to each of
s[m-, edtiang sSRGHh Bt &Lg&‘ga% %1% wbc 0 gte@'y Liehenee

between the first ond Iclents 1s

subst atheiinlet presspwabf the third ifdst ewénlmeg lyelwsg e approminiadtelycequal to
f : ' [ I

31?9 {1&% g%t\&é ot ‘%‘%@ ggévsgﬁ@m%ﬂﬂé lé%k%{l}t o‘\’/v"% of &l {d A of the
abieéifand lﬁé‘m&sﬂ@vltcﬁmg gasesswappiokimatshodquah of C ai m 8,
wherein: the inlet pressure of the first fast
swtching valve is approximately equal to the inlet
pressut® of At;hlasrﬁspﬁmékmi@sﬁpasamg Q:bhfp@sit@ ve when the
sevent h fast

e fi r
swi t chi R SKP&IRF%%ES?‘ggé}E?fPE HH%H‘ wechead slegivede assembly
Ha® frfplidentedfanti@gt Bodied viash afeidw hhéﬂl@até’@h‘\éﬁl éazh other; and
approxi mately_ equal to the inlet pressure of the fifth

fast stheEahPWECRaBsectimascoring fodwain 9gta§1%c‘elae1ﬁmeﬁatwn with
tthe cbdter ﬁ@é’kféefz‘oﬁgbf tﬁé tsh&%rthggﬁ BRcifSde/ S3emBly.

appr oxi mat el y" equal . . A plasma processing
appar at us, conpr|S|ng a pl asma processi ng chanber

i ncl udjipng aggtg g@gﬁgﬂgﬁglﬁgtaggﬁgﬁg%‘? %ﬂzﬁlrﬁ’ ) %QH% comprlsmg a

center and ow 1 nsu at e
s@otrobsyséam oan@btehe cgaokthe bpkiing asd cldsong efthe ﬁmt;@:comd third

g&]gifghghif&tfs%w{:ﬁm% rsn cation with the center and

e zones o ower head el ectrode assenbly. 14.
The p!asna proceSS|ng apparatus of O aim 13, further

conpri trol stemo r abl 0. t

openi ngg and Ealsﬂ]@ 3P etspllggfap ?,%SQEQWH‘ ?{] H‘{thh ??(ﬂ“pnsmg a

f i bbntfr@lSdecﬁm irthidigg shal ﬁt@ngas]ﬁl.e ifl i PtaaiMnication with the first

pr Qcessi appar atus of Cl ai urther canpri s

et Sast e dise T dRe Soro grmjne I arr e eR o] the third

fdndi fdugh @Hypmagéspme\mhirh ghdBnd i BilidBEhrEREOAbrOREh the fifth and
a t he se ond ﬁ lipne in_fluid conmuni catjon

Vﬁl}fta g%ﬁ gaﬁsprg?% an the fourt gas line in fluid communication with the seventh

and eighth gas passages.

16. The plasma processing apparatus of Claim 15, further comprising a

gas supply section in fluid communication with the flow control section.
17. The plasma processing apparatus of Claim 13, wherein:

the plasma processing chamber has an interior volume of about ¥ liter to

about 4 liters; and
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and fourth gas passages, the third gas line in fluid
communi cation with the fifth and sixth gas passages,

w@r@7sssd ourth gas line in fluid comruni cati oPCTMIBE1907/000035

the seventh and ei ghth gas passages. 16. The plasma
processi ng apparatus of C aim 15, further conprising a
gas supply section in fluid comunication with the
flow control section. 17. The plasnma processing
apparatus of C aim 13, wherein: the plasm processing
chanber has an interior volunme of about liter to about

4 liters; andthe gas distribution system.i s operable

Lo sube s Ay araies Sigeriar YpueaianyRelis st
SA604E ghE OEDSSeHRT processPad R pReMkicBEABSheROR8e OF tHdVlasma
pl asme, processi ng chamber with the other of the first

preesssins shamper wathdhe ofnene b fsPraFeshigas ar grepnd grqsess gas

| $RBint AR i0dRAUEss th#n aBe 1A, MBL hOd Of processing a
sem conductor substrate in the plasma processing

apparatus according to Caim 13, conprising: a)

suppl yiz;g.g tlAem%h{o‘ﬁt G685, tggéramnhﬁaﬁggxyﬁs%eﬁgqheesggma

zones of the shower ode asse
direesssing@pphratescaoonling tecElkin dascaraptisingbypass- | i ne,

the pl asma [ I ni.ng. a
sem conduct %E&gg% ttfr}%fl gsjg ?Fr]%%%sdéa%g b g‘%e e %rtang neél Bf gg%ers of the
athdwarlpat! ebrchede nesinitly whilk dixeetihgy thegetdel proyess;gablo the by-

roduci a . first plasma.fromthe first pr.ocess. gas
LRSS e DHIHY HPCrSTEChBnEct colfaipins hseppEoRdipiat sppstrate
(ihtDudingratiei8t SndRiy¥raid ﬁﬁﬁﬁﬁ’i:léd 1RBist MAsKBKlyifig the layer;
switching the flows of the first and second process i
gases %o t hRtodugmesptitshalagng s thefarst BroggssHas @gd (i etching at
tbgst 688 &“%:@PH tﬁéﬂagglzm§ ts¥nih P8 pelionar ipasit 8h ard mage

assenbly while the first process gas is diverted to

the bySpasssyitpeingdhe foweatihedirst ansossaendprosaw gasemso that the
tREoREHIVE Y2 e 2P G dehilek )an?t:&% Phek 3¢ ﬂfé shoRfttead
e ) for ymer

one feature1n t l'ayer or (1v ng a po

clebeoide agsemiiy whilecthe fingt proessigaskis divertedito ¢ie bygypadsdine;

flows of th i r S s st hat

the 118k pPiklichie LR BRI R AR IR E By i e i)

ptctues theray ledstobe feanht lire theHey srar ¢iv)l fpmaiag apolpser deposit on the
iveerrtngqhet:o tpe by-pass line; and f) repeating a)-e) a

pIa Far ty of*tines with the substrate. 19. The met hod

of O aé)m 18swithisihgithe flbes pf therfirspamicessndigroeBadaeés so that the

first process gas is supplied into the plasma processing chamber while the second
process gas is diverted to the by-pass line; and

f) repeating a)-e) a plurality of times with the substrate.

19. The method of Claim 18, wherein the plasma processing chamber
includes a plasma confinement zone, and the first process gas is substantially
replaced in the plasma confinement zone by the second process gas and the second
process gas is substantially replaced in the plasma confinement zone by the first

process gas, each occurring within a period of less than about 1 s.

20.  The method of Claim 18, wherein the plasma confinement zone has a

volume of about % liter to about 4 liters.
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i ncludes a plasma confinenent zone, and the first
process gas is substantially replaced in the plasm

wa@onf7iosseent zone by the second process gas anPCT/Hi82007/000035

second process gas is substantially replaced in the

pl asma confi nenent zone by the first process gas, each
occurring within a period of |ess than about 1 s. 20.
The nethod of C aim 18, wherein the plasma confi nenent
zone has a volunme of about 1A liter to about 4
liters.21. The method of C aim 18, wherein the polyner
deposit is fornmed to a maxi numthi ckness of |ess than
about 100 angstrons after repeating a)-e) a plurality

of tines W The hitthcbsthahas, vhereitePRANAG @fpoSit & frmed to a
18, wherein the first plasma etches the at |east one

fraxtipE thicknegs phless thag sgouhld0sngsiremp pieniePedingak i plurality

daiRsdstwin il @ibkgyer and the mask, the deposit
repairing striations in the mask. 23. The nethod of

Caim18, wherein: the layer is OSi2; the mask is a

UV-r esj-st : ' 10 : '

it ur o IRt o Colm AP GASR PR RRLPRLAE BicRes the a leas

eineHestutehia thaleyer, anddhe¢ beopd ptasthagfouoe e depesic onphe kger and
Xt ur CH3F rgon. and optjonally O and the

:}gé”gqﬁéféﬁﬁ%?é n%o?tofFR%r%%émbagP?ﬁE’? {hgéﬁ%s it on the feature

and the mask. 24. The nethod of C aim 23, wherein the

first oce as, | li.ed _into the plasma

processing iﬁ%ﬂ%%@mf%faggﬁégr8%“5?mabout 5 seconds to

about B0 Igeean6iSSiGBNd t he second process gas is

suppl i %d intqQ the plasna sE})(:)ocessi ng chanmber for a
per i od8MagKdHR VIV E8¥YIBXD about 3 seconds, each tine

that tdae thrétprbe8@as @%Pﬁséﬁr&ﬁﬁﬁﬁregﬁﬁﬂ, OLARELELY §hd the first
are supplied into the plasm processing chanber. 25.

THesmagetsbep e lajesi apdi8, wherein the first process gas
and t hge SESAbrBEAS 38 cOprifdst MRRel RET CHRY Srional
zone ang t he g%lrge z%ﬁecat ﬁfi.&%f e@ent efcfr(otw 3?~“éttalé§).n %@.cﬁ{&lona ly
rfdz anglcthe seapnidipdesnea framsdd peliiney depssiticorthé deataregms the mask.
di stribution system for supplying process gas to a
pl asma processi ng chanber, the nethod conprising:
arrangdsg aThe nsthddef Chumt28hivhgreirathedirat pogess gak is¢upplied

a assage adapted to be ipn fl ui Q I cation w.th
4R PEBTEAE MPRESGRmBep ol el oF BBEH SEhafiD oot 20
aecanty] agl hesecanbiproaads gawid sipplied imb ve: plhamng pfoceesiny chamber
gf%ls a %gﬁgci‘ gf at‘r)icguatl qt s%gond to about 3 seconds, each time that the first and second

process gases, respectively, are supplied into the plasma processing chamber.

25.  The method of Claim 18, wherein the first process gas and the second

process gas are supplied to the center zone and the edge zone at different flow rates.

26. A method of making a gas switching section for a gas distribution
system for supplying process gas to a plasma processing chamber, the method
comprising;:

arranging a first fast switching valve along a first gas passage adapted to be

in fluid communication with a first gas line and the plasma processing chamber;
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to be in fluid conmunication with the first gas |line

and a by-pass line; and adjusting a first flow
weo@7hseBent of the first fast sw tching val veP&mnusmon7/000035

adjusting a second flow coefficient of the second fast

swi tching val ve such that the first and second fl ow

coefficients are different fromeach other and an

inlet pressure of the first fast switching valve is

substantially equal to an inlet pressure of the second

fast switching valve when a gas flowis switched from

the first gas passage to. the secon? gas pasia e or

f r om tATERNEEEGhPCgRd a5k switghing yabR@langatecqn gg%g%sa@%e. adapted

to be in fluid communication with the first gas line and a by-pass line; and

adjusting a first flow coefficient of the first fast switching valve and/or

adjusting a second flow coefficient of the second fast switching valve such that the

first and second flow coefficients are different from each other and an inlet pressure

of the first fast switching valve is substantially equal to an inlet pressure of the

second fast switching valve when a gas flow is switched from the first gas passage to

the second gas passage or from the second gas passage to the first gas passage.
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